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[0)xHo-PoccUICKMIA OHKOJIOTMYECKMI XKYPHanN

YypHan BxoauT B pekomMeHA0BaHHblii BAK PO nepeyeHb peLieH3upyeMbIX HayuHbIX XypPHaNoB v n3paHuii
ANs 0nyb6MKOBaHNA OCHOBHbIX HayuYHbIX Pe3ynbTaToB AUCCEPTALMiA Ha CONCKaHWe YUEHOI CTeNeHN KaHAMAATa U AOKTOpa Hayk.

«l0HO-Poccuiickuii OHKONOrMYecKmii XypHan»: npogeccuoHanbHoe
MeIMLMHCKOE U3faHue. B HeM ny6iuKylTCs HOBOCTU MEeAULIMHCKOrO
1 hapMaLLeBTMYECKOr0 COOBLLECTB, HayUHO-NPAKTUYECKUE CTATbU AN
LieneBoil ayAUTOpuM - BPayeii-OHKONOroB. Pefakuus XypHana cTaBut
cBOeii 3afiaueil nonynspu3aLmMio HayuyHo-MCCNefoBaTENbCKUX PaboT U
LOCTWXEHMIT OHkonoroB I0xHoro dbepepanbHOro okpyra, aHanua npo-
Lecca rny6okoii peopraHusaLum 3gpaBooxpaHeHus B Poccuu. Pepak-
LMsi NpUrnalaeT B Ka4ecTBe aBTOPOB BCEX, KTO WLLET U HAXOAMUT UHTe-
PecHble peLleHnsi MHOTOTPaHHbIX 3afay, CTOALLMX Nepes COBPEMEHHON
MeZMLMHOM, U XOUYET NOAENUTLCS CBOMMMU MbICISIMU W HAGNIOAEHUAMY
C Konneramu.

rMABHbIW PEOAKTOP

Llenb: cnoco6cTBOBaTh Pa3BUTUIO OHKONOTUYECKOi mepuumuHbl H0ra
Poccuun 1 BHeApeHuto e€ AOCTUXEHNIA B MPAKTUKY.
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VARYING SEVERITY COVID-19 EFFECTS ON THE BLOOD INDICATORS
OF INSULIN-LIKE GROWTH FACTORS FAMILY IN PATIENTS WITH
NON-SMALL CELL LUNG CANCER

0. I. Kit, E. M. Frantsiyants, D. A. Kharagezov, V. A. Bandovkina™, N. D. Cheryarina,
Yu. A. Pogorelova, Yu. N. Lazutin, A. G. Milakin, I. A. Leyman, 0. N. Stateshny
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National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation
X valerryana@yandex.ru

ABSTRACT

Purpose of the study. An analysis of IGF and their carrying proteins levels in blood serum of patients with non-small cell lung
cancer (NSCLC), depending on the severity of the previous COVID-19 infection.

Materials and methods. 60 patients with histologically verified NSCLC T,_,N M, receiving treatment at the Thoracic Department
(National Medical Research Centre for Oncology, 2020-2021), were included in the study. The control group included 30 NSCLC
patients after asymptomatic or mild COVID-19 disease (15 men and 15 women); the main group included 30 (15 men and
15 women) patients after severe or moderate to severe COVID-19. The mean age of patients was 59.11 + 2.89 years. Blood
counts of donors of the same age were used as the norm.

Results. The levels of IGF-I, IGF-II, IGFBP2 and IGFBP3 in the blood serum of patients with NSCLC of the main and control
groups were higher than those of donors by an average of 2.5, 2.1, 1.7 and 2.7 times, respectively (p < 0.05). The concentration
of IGFBP1 was higher in the control group compared to the main group, and decreased in relation to donors: in the control in
men and women by 1.4 and 1.9 times, and in the main group by 3.0 and 6.4 times, respectively (p < 0.05). The ratios of IGF
and IGFBP1 increased in both groups: IGF-I/IGFBP1 - in the control group from 3.8 to 4.2 times, and in the main group from
7.9 to 14.4 times; IGF-1I/IGFBP1 - in the control from 2.4 to 4.5 times, and in the main group from 6.6 to 12.7 times in men
and women, respectively (p < 0.05).

Conclusions. The level of ligands and almost all of the studied carrier proteins, except for IGFBP1, increases in the blood of
patients with NSCLC of both sexes, regardless of the severity of COVID-19. The ratio of IGF-I/IGFBP1 and IGF-II/IGFBP1 in the
blood increases in both groups, most significantly in the group with severe and moderate COVID-19, which indicates excessive
accumulation of IGF levels and may contribute to a more aggressive course of the malignant process.

Keywords: non-small cell lung cancer, COVID-19, IGF-, IGF-II, IGFBP
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

BJIMSAHUE COVID-19 PA3/TUYHON CTEMEHM TAXKECTU HA MOKA3ATE/IU CEMEMCTBA
WHCYIMHONO0BHbIX ®AKTOPOB POCTA B KPOBM bOJIbHbIX HEMEJIKOKNETOYHBIM

PAKOM JIETKOT0

0. W. Kut, E. M. ®panuymsny, [l. A. Xapare3soe, B. A. bangoskuna™, H. [1. Yepsapuna, 10. A. Moropenoea, 10. H. JlasyTux,
A. I. Munakun, W. A. JleiimaH, 0. H. CtaTewHblii

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

PE3IOME

Llenb uccnepoBaHusi. M3yunTb B CbIBOPOTKE KPOBU 60JIbHbIX HEMEIKOKIIETOUYHbIM pakoMm nerkoro (HMPJ1) copepxaHue
IGF 1 ux 6enKoB-NepPeHOCYMKOB B 3aBUCUMOCTM OT CTEMEHN TSXKECTU nepeHeceHHoro COVID-19.

Matepuanbi u MmeToAbl. B uccnegosaHue BktoYeHbl 60 60MbHbIX C TMCTONOrMYECKM NoaTBepXaeHHbIM HMPJT ctaguu
T,_,N,M,, npoxoanBLInX neveHne B TopakasbHoM otaeneHnn OrbY «HMUL oHkonorum» Muusgpasa Poccun ¢ 2020 no
2021 rr. B KoHTponbHyto rpynmny Bowwv 30 601bHbIX PaKOM IErKOro ¢ 6eCCUMNTOMHbBIMU MW Nerkumu crydasimm COVID-19
(15 My>XUYMH U 15 XKeHLUMH), B OCHOBHYHO rpynny — 30 60/1bHbIX (15 MyXXUYMH U 15 XKEHLLMH), NepeHeclUMX 60M1e3Hb B TAXesoM
unu cpefHetsixxenon dopme. CpegHuin Bo3pacT 60bHbIX cocTaBun 59,11 + 2,89 roga. B kayecTBe HOPMbI UCMOMb30BaNU
nokasaTenv B KPOBM JOHOPOB TOrO e Bo3pacTa.

Pesynbratbl. B cbiBopoTke kKpoBu 60nbHbIX HMPJ1 0CHOBHOM 1 KOHTpOsibHOM rpynn ypoBHU IGF-I, IGF-II, IGFBP2 n IGFBP3
6b1/11 BblLLE 3HaYeHUI AOHOPOB B cpeaHeM B 2,5,8 2,1,8 1,7 n B 2,7 pasa cooTBeTcTBEHHO (p < 0,05). KoHueHTpauusa IGFBP1
6blna Bbllle B KOHTPOJIE MO CPaBHEHWIO C OCHOBHOM FPYNMOi, a Mo OTHOLIEHMWIO K OHOPAM CHUXanach: B KOHTPOJIbHOW
rpynmne —y My>4YuH 1 XeHLWwmH B 1,4 1 1,9 pa3sa, a B ocHoBHoM — B 3,0 1 6,4 pasa cooTBeTCTBEHHO (p < 0,05). KoahduumeHTbI
COOTHOLLIEHUS NOBbIWanuck B o6enx rpynnax: IGF-I/IGFBP1 — B koHTponbHoW rpynne ot 3,8 Ao 4,2 pasa, a B OCHOBHOW OT —
7.9 po 14,4 pasa; IGF-1I/IGFBP1 - B KOHTponibHOM OT 2,4 Ao 4,5 pa3a, a B OCHOBHOW rpynmne — oT 6,6 A0 12,7 pa3sa y My>4uH
W XEHLLMH COOTBETCTBEHHO (p < 0,05).

3akntouenume. Y 6onbHbix HMPJT 060ero nona B KpoBM BHE 3aBUCUMOCTU OT TSXKECTU NepeHeceHHoro COVID-19, noBbliwa-
eTCsl ypoBeHb JIMraHAoB U NMOYTU BCEX UCCNeA0BaHHbIX 6eNKOB-NepeHocUmKoB, kpome IGFBP1. CooTHolueHwue IGF-I/IGFBP1
n IGF-1I/IGFBP1 kpoBwu noBblLaeTcsi B 06eunx rpynnax, Hanbosnee 3Ha4nmo B rpynne nepeHecwnx COVID-19 B Tsxenow
1 cpegHeTshenon Gopme, YTO CBUAETENLCTBYET 06 M36bITOYHOM HakomnaeHWn ypoBHs IGF B KpoBw.
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INTRODUCTION

The COVID-19 pandemic, caused by the appear-
ance of severe acute respiratory syndrome 2 (SARS-
CoV-2), has led to millions of cases and hundreds of
thousands of deaths worldwide [1-3]. The biological
sex of a person played a fundamental role in the
heterogeneous outcomes of COVID-19 [4-6].

Among all types of cancer, lung cancer patients
are of particular interest in the conditions of the
COVID-19 pandemic, since the main primary focus
of infection with the virus, the respiratory tract, is
already at risk due to the presence of a tumor [7].
Previous outbreaks of respiratory viruses have shown
that lung cancer patients are more vulnerable than
other cancer patients because their pathological re-
spiratory epithelium is probably more prone to rapid
penetration of the virus into the lungs [8]. In fact,
lung cancer is one of the most common types of
cancer among cancer patients with COVID-19 [9; 10].
It is assumed that patients with lung cancer are at
a higher risk of this severe form of COVID-19 [9; 11].
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 [12; 13].
However, comprehensive global data on the impact
of the new coronavirus infection on the course of
malignant disease in patients with lung cancer have
not yet been presented.

Studies have shown that severe consequences
in patients with COVID-19 do not develop directly
due to the replication of SARS-CoV-2 itself, but are
relatively associated with destructive inflammatory
reactions caused by a huge activation of immune
cells [14]. Therefore, an adjusted immune response
is necessary to control and eliminate SARS-CoV-2
infection. On the other hand, uncorrected immune
reactions and the production of a large number of
inflammatory mediators and cytokines can have ad-
verse and sometimes fatal consequences [15-17].

Insulin-like factor IGF-I and carrier protein IGFBP3
are most often associated with malignant lung tu-
mors [18]. It is known that most of the circulating
IGF-l is bound to the soluble plasma protein IGFBP3,
while a very small percentage of IGF-I remains in an
unbound, biologically active and accessible form.
IGF-I can be "neutralized" after binding to IGFBP3,
thereby suppressing its mitogenic and anti-apop-
totic properties [19]. Thus, the IGF-I/IGFBP3 ratio is

considered an indicator of IGF-I bioavailability. High
serum IGF-I levels correlate with an increased risk of
lung cancer, while high IGFBP3 levels are associated
with a reduced risk of disease [20]. Moreover, in vitro
studies have shown that IGF-1 promotes the growth
and invasion of lung cells, which indicates the role
of the IGF-I pathway in the oncogenic growth of non-
small cell lung cancer (NSCLC) [21].

However, the significance of IGF-I and IGF-II as
prognostic biomarkers has not yet been established.
Based on these considerations, we sought to evalu-
ate the serum levels of IGF-I, IGF-Il and IGFBP1-3 in
patients with NSCLC who had suffered COVID-19 of
varying severity.

Purpose of the study: to elaborate the indicators of
the system of insulin-like growth factors in the blood
serum of patients with NSCLC who have suffered
a coronovirus infection of varying severity.

MATERIALS AND METHODS

Prior to participation in the study, all patients re-
ceived written informed consent. This study was
approved by the Ethics Commission of the National
Medical Research Centre for Oncology.

The study included men and women (60 peo-
ple in total) with histologically or cytologically
confirmed stage T,_.N M, NSCLC, ECOG (PS) =< 2
working status, adequate organ function based on
standard laboratory tests, including a complete
blood count, serum biochemistry and coagulogram.
The main exclusion criteria were previous treat-
ment of NSCLC, type Il diabetes mellitus, since it
could affect IGF levels, and other concomitant neo-
plasms 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 (15 men and
15 women) with lung cancer with asymptomatic or
mild cases of COVID-19, the main group included 30
patients (15 men and 15 women) those who have suf-
fered COVID-19 in severe or moderate form. The age
of the patients was: the control group of men 59.8 +
1.67 (52-74); the control group of women 56.3 + 3.98
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(35-75); the main group of men 61.13 + 1.82 (52-74);
the main group of women 58.4 + 3.73 (35-74).

According to the recommendations, a smear from
the nasopharynx for COVID-19 PCR was obtained in
all patients.

Collection of blood samples. Serum levels of IGF-I,
IGF-Il and IGFBP1,2,3 in peripheral blood were evaluat-
ed at the beginning of treatment. Blood samples were
centrifuged at 5000 rpm for 10 minutes, then blood
serum was collected and stored at -80 °C. Quantitative
assessment of circulating levels of IGF-I, IGF-Il and
IGFBP1,2,3 was performed by enzyme immunoas-
say (Mediagnost, Germany). According to the recom-
mendations available in the instructions for standard
ELISA kits, each laboratory itself must determine the
parameters of the norm characteristic of the exam-
ined population. The blood levels of IGF-I, IGF-Il and
IGFBP1,2,3 in conditionally healthy donors (20 men
and 20 women) aged 40 to 75 years were taken as the
norm. Since the donor studies were conducted in 2019,
this contingent did not suffer from COVID-19 infection.

Statistical analysis. Statistical analysis was car-
ried out using the Statistica 10 program. Normality
was assessed using Kolmogorov-Smirnov methods,

differences between groups were determined us-
ing the Student's t-test or the Mann-Whitney U-test,
depending on the normality of the distribution. The
value of p < 0.05 was considered as an indicator of
statistical significance.

RESEARCH RESULTS

It was found that most of the indicators were
higher in control group patients’ blood serum than
the values donors: in men, the level of IGF-I, IGF-II,
IGFBP2 and IGFBP3 was increased by 2.7 times, 1.7
times, 2.1 times and 2.6 times, respectively, in wom-
en— by 2.2 times, 2.3 times, 1.4 times and 2.8 times,
respectively (Table 1).

Only IGFBP1 in men and women of the control
group was lower than the values in healthy donors
by 1.4 times and 1.9 times, respectively. At the same
time, the level of IGFBP1 was 1.4 times higher in the
blood serum of men than in women and IGFBP2 was
1.5 times higher, and the level of IGF-Il was 1.3 times
higher in women than in men.

In the blood serum of patients of the main group,
most of the indicators, as well as in patients of the

Table 1. Insulin-like growth factors and their carrier proteins in the blood of patients with lung cancer, depending on the

severity of COVID-19

R sex GF IGF-II IGFBP1 IGFBP2 IGFBP3
P ng/ml ng/ml ng/ml ng/ml ng/ml
624.9 £ 51 8.56 +0.78 844.5+63.2
Mo 288 pT=00020 P = 0.0291 p' = 0.0000 30842277
p=0 p? = 0.0255 p? = 0.0479 p? = 0.0031 p=t
Control
. 230.1+15.8 839.8 + 75.6 6.22 £ 0.67 551.4 1 46 4259.2 +415.4
p' = 0.0000 p' = 0.0000 p' =0.0004 p'=0.0319 p' = 0.0000
3.96 + 0.24
v 27494274 775.7 £ 60 p' = 0.0000 638.6 + 76.8 3811.9  563.6
p' = 0.0000 p' = 0.0000 p? = 0.0000 p'=0.0142 p' = 0.0003
p® = 0.0000
Main
£ 2407:453 72074653 RS 601.7 + 66.1 4196.6 + 421.6
p' =0.0079 p' = 0.0003 53 - 0,000 p'=0.0208 p' = 0.0000
Normal values 106.2 £ 12.5 360.6 + 58.6 121+1.3 405+ 45.7 1502.4 + 59.8

Note: statistically significant in relation to: ' - to the indicator in donors; 2 - to the indicator in women in the corresponding group; ° - to the

corresponding indicator in the control group.
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control group, were higher than the values of condi-
tionally healthy donors. In the blood serum of men
of the main group, the level of IGF-I, IGF-1I, IGFBP2
and IGFBP3 was increased 2.6 times, 2.2 times, 1.6
times and 2.5 times, respectively, in women - 2.3
times, 2 times, 1.5 times and 2.8 times, respectively.
Also, as in patients of the control group, in the main
group, the level of IGFBP1 was lower in donors: in
men by 3.1 times, in women by 6.4 times. And only
by this indicator there were differences between the
control and the main groups: the level of the carrier
protein in men of the control group was 2.2 times
higher than in the blood serum of men of the main
group, in women - by 3.3 times (Table 1).

According to some indicators, we found no fun-
damental differences in the blood of patients of the
control and main groups groups, although all the
studied indicators had significant differences from
the values in healthy donors.

Further, it was of interest to investigate the ratios
of IGF and carrier proteins, since it is known that
most of the circulating IGF is associated with soluble
plasma IGFBP proteins, while a small percentage of
IGF remains in an unbound and biologically active
form. The results are presented in table 2.

It was found that the ratio of IGF-I/IGFBP1 and
IGF-1I/IGFBP1 in the blood serum of male patients
of the control group was 3.8 times and 2.4 times
higher than in healthy donors, respectively, and in the
blood of women - 4.2 times and 4.5 times, respec-
tively. Even more pronounced changes were found in
the blood serum received from the main group: the
ratio of IGF-I/IGFBP1 and IGF-II/IGFBP1 was higher
than in healthy donors by 7.9 times and 6.6 times,
respectively, and in women — by 14.4 times and 12.7
times, respectively. |.e. the ratio of IGF-I/IGFBP1 and
IGF-1I/IGFBP1 in the blood was significantly higher
in patients who underwent Covid-19 in severe and
moderate form: in men — 2.1 times and 2.7 times,
respectively, in women — 3.4 times and 2.8 times,
respectively, compared with patients of the control
group (Table 2).

Thus, in the blood serum of lung cancer patients
of both sexes, regardless of the severity of COVID-19,
there is an increase in the level of ligands and almost
all of the studied carrier proteins, except IGFBP1,
a family of insulin-like growth factors with an increase
in the ratio of IGF-I/IGFBP1 and IGF-II/IGFBP1. The
transmitted infection of COVID-19 in severe and mod-
erate form further aggravates the level of the IGF-I/

Table 2. Ratios of insulin-like growth factors to carrier proteins in the blood of patients with lung cancer, depending on the

severity of COVID-19

IGF-I/ IGF-I/ IGF-I/ IGF-1I/ IGF-1I/ IGF-1I/
Groups SexX  |GrBP1 IGFBP2 IGFBP3 IGFBP1 IGFBP2 IGFBP3
33.5:1.7 /320
M T 6.0600 0.34 1 0.02 0.074+0.005  p'=0.0000 074+0.04  0.16 +0.008
p =0 p?=0.0000
Control
37+56 135+ 5.2
F b1 = 0.0000 0.420.06 0.05£0009 7205000 1324009  0.2+0.01
69.4+47 195.9 +10.2
p' = 0.0000 p'=0.0000
M b2 0.0016 0.43 + 0.05 0.07 + 0.02 D% - 0.0002 1214011  022+0.05
p? = 0.0000 p®=0.0000
Main
1267 +12.8 379.3+49.5
F p' = 0.0000 0.4+ 0.04 0.06 + 0.02 p' = 0.0000 1.2+0.14 0.17 £0.03
p? = 0.0000 p®=0.0000
Normal values 88+13 0.36+0.009  0.07+0.006 29.8+38 0.9+0.08 0.24 +0.03

Note: statistically significant in relation to: ' — to the indicator in donors; 2 — to the indicator in women in the corresponding group; ® - to the

corresponding indicator in the control group.
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IGFBP1 and IGF-II/IGFBP1 ratio, which leads to an
increase in free, biologically active IGF.

DISCUSSION

The IGF pathway is a complex, multilevel system
of ligands, receptors, carrier proteins and cellular
signaling cascades with several levels of regulation.
In a broad sense, the IGF family modulates cell be-
havior through endocrine, paracrine, and autocrine
pathways [22]. Binding of IGF complexes to their cor-
responding receptors induces cellular adaptation,
which promotes survival, proliferation and invasion
under normal conditions of human physiology and
in many types of cancer [23].

Two insulin-like growth factors, i.e. IGF-l and IGF-II,
have been identified. Although IGF-II is assumed to
regulate differentiation and survival of fetal muscu-
loskeletal cells, understanding of its mechanisms of
action is limited. At the same time, its molar ratio with
respect to IGF-1 in adults is 3:1. Since the unfavorable
expression of IGF-Il can affect a number of meta-
bolic conditions, it is assumed that IGF-Il continues
to affect tissues throughout life [24]. Studies have
also shown the involvement of IGF-Il in phenotypic
plasticity, potentially leading to more aggressive and
resistant clones in progressive tumors [25]. The study
of IGF-Il in this context is a very active and developing
research topic. On the contrary, information about the
function of IGF-I revealed a link between a violation
of its regulation and oncogenesis [22].

In this study, we found that in the blood serum
of lung cancer patients, regardless of the severity
of COVID-19, most indicators of the system of in-
sulin-like growth factors and their carrier proteins
were elevated, and regardless of the gender of the
patients. The exception was the IGFBP1 protein, the
level of which in the blood of patients was reduced,
especially in patients of the main group.

Regarding IGF-I, our results confirm studies [20]
that have shown that high levels of IGF-I in blood
serum correlate with an increased risk of lung cancer.
And the study [26] was the first to evaluate serum
IGF-1 levels in patients with severe COVID-19 com-
pared to healthy people. The results showed that se-
rum IGF-I levels in patients with severe COVID-19 did
not differ significantly compared to healthy subjects.
Therefore, it is logical to assume that the increase
in the level of indicators of the system of insulin-like

factors is the result of the presence of NSCLC in pa-
tients and is not associated with the infection. It is
now well known that subjects in the general popula-
tion whose serum IGF-I levels are at the upper limit of
the normal range are at increased risk of developing
several types of cancer [27].

Proteins binding insulin-like growth factor (IGFBPs)
1-6 bind IGF, but not insulin with high affinity. Initially,
they were identified as serum carriers and passive
inhibitors of IGF action. However, subsequent studies
have shown that IGFBPs not only inhibit the actions
of IGF, but in many cases they also enhance these
actions. IGFBPs are widely expressed in most tissues
and are flexible endocrine and autocrine/paracrine
regulators of IGF activity, which is necessary for this
important physiological system. More recently, it
has been established that individual IGFBPs have
IGF-independent action [28].

In this study, it was shown that the men of the con-
trol group had higher blood serum levels of IGFBP1
and IGFBP2, but not IGFBP3, compared with women,
i.e. there were gender differences. In the blood of
patients of the main group, gender differences were
preserved only for the IGFBP1 protein. At the same
time, in patients of both sexes of the main group,
a decrease in the level of IGFBP1 was found relative
to the indicators in the blood of the control group
of patients.

Currently, there is interest in IGFBP1, namely its
IGF-dependent and independent action from the po-
sition of influencing insulin sensitivity [29]. A com-
pletely different interest is shown in the IGFBP3
protein, which is the main circulating IGFBP, and
also has an IGF-independent effect in response to
DNA damage and EGF signaling. It has been found
that the expression of recombinant human IGFBP3
(rhIGFBP3) blocks the IGF-dependent action of 1G-
FBP3, and it has been shown that it has anti-cancer
activity in vitro and in vivo [30]. However, a recent
study of 11 gastric cancer cell lines showed that
IGFBP1 expression levels were extremely low in all
cell lines [31]. IGFBP1 is also known to block DNA
synthesis, cell growth and differentiation, and also
enhances the action of IGF-1 in combination with
certain reagents, such as platelet-depleted plasma,
or in certain cell lines [22]. In [32], there was a ten-
dency to reduce the risk of lung cancer with an in-
crease in the concentration of IGFBP1 in serum, but
these results did not reach statistical significance.
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Insulin is the main regulator of IGFBP1, inhibiting
its synthesis in the liver and other tissues, and the
observed tendency to reverse the risk of lung cancer
with IGFBP1 may be a consequence of higher insu-
lin levels. The physiological relationship between
IGFBP1 and insulin is reflected in the authors' data,
which showed an inverse correlation of insulin with
the concentration of IGFBP1 in the blood. Only one
study has linked IGFBP1 to poor overall survival in
lung adenocarcinoma [33].

It is known that an increase in the ratio between
IGF and IGFBP reflects an increase in free, biolog-
ically active IGF, therefore, treatments that reduce
this ratio have significant appeal as cancer preven-
tion tools in people without cancer and with cancer
relapses [34]. IGFBPs modulate cell proliferation,
survival, differentiation, migration, and invasion. The
IGFBP family provides an additional, predominantly
extracellular mechanism for regulating IGF activity.
A distinctive feature of IGFBPs is their binding to
IGF-I and IGF-Il, but not to insulin with high affin-
ity. In most cases, they inhibit the actions of IGF,
preventing binding to IGF receptors, but they can
also enhance their action. IGF-independent actions
of IGFBP have also been described over the past
two decades. More recently, they have also been
shown to regulate aging and autophagy, as well as
angiogenesis. Due to these cellular effects, IGFBPs
are involved in a number of physiological and patho-
logical processes, including processes underlying
metabolism, immune regulation, cancer and neuro-
logical diseases [28].

We studied the ratio of IGF and IGFBP in the
blood serum of patients of the control and main
groups. It turned out that only IGF-I/IGFBP1 and

IGF-1I/IGFBP1 were elevated. Moreover, these ratios
had not only some gender differences, but also
depended on the severity of Covid-19: if only the
IGF-11/IGFBP1 ratio had gender differences in the
control group, then in the main group both IGF-1/
IGFBP1 and IGF-1I/IGFBP1 in women exceeded the
values in the blood of men.

In the literature, we have not found similar data in
oncopathology. An increase in IGF-I and the binding
proteins IGFBP-1 and IGFBP3 was recorded in dam-
age and death of lung epithelial cells, as well as in
early acute respiratory distress syndrome (ARDS),
while a decrease in IGF-1 and IGFBP3 was reported
in the late stages of ARDS [35]. As a rule, IGFBP3 is
the most common IGFBP in the blood and acts as
a transport workhorse for the IGF protein superfami-
ly [35]. Consequently, its main IGF-dependent function
is to control the amount of free IGF in circulation,
which provides numerous subsequent effects, in-
cluding dosing IGF for cell proliferation or enhancing
apoptosis.

CONCLUSION

Thus, regardless of the severity of COVID-19, the
blood serum levels of ligands and almost all of the
studied carrier proteins, increases in NSCLC patients
of both sexes, except IGFBP1. The IGF-I/IGFBP1 and
IGF-11/IGFBP1 blood ratios increase in both groups,
however most significantly in the group of severe and
moderate form COVID-19 survivors, which indicates
an excessive accumulation of IGF levels in the blood.
IGF-system biomarkers may be useful in screening,
prognosis and treatment of lung cancer, although
their exact application requires further research.
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ABSTRACT

Purpose of the study. Was to analyze levels of biogenic amines (serotonin and its metabolite 5-HIAA, dopamine, norepinephrine
and histamine) in lung tissues of patients with lung cancer with previous COVID-19 infection.

Patients and methods. The study was carried out on samples of intact lung tissues, tumor tissues and peritumoral lung
tissues obtained during open biopsy while performing radical surgery from patients with morphologically verified non-small
cell lung cancer (NSCLC), stage I-1lIA (cT,_,N,M,). The main group included 30 NSCLC patients (15 men and 15 women) after
severe or moderate to severe COVID-19 who required hospitalization. The control group included 15 men and 15 women with
NSCLC after asymptomatic or mild SARS-CoV-2 infection. The mean age of patients was 59.11 + 2.9 years. Levels of dopa-
mine, norepinephrine, serotonin, 5-hydroxyindoleacetic acid (5-HIAA) and histamine were measured by ELISA (IBL, Germany).
Results. All studied lung tissue samples from men and women of the main group, compared to the control group, showed
deficiency of catecholamines with their ratio unchanged, and changes in serotonin metabolism to ensure its stable level. Thus,
levels of dopamine in samples of patients of the main group were lower on average by 1.3 times, norepinephrine by 1.3-3.3
times, serotonin by 1.6 times, and 5-HIAA by 1.8—-4 times. At the same time, sex differences were observed in histamine levels.
Regardless of the COVID-19 severity, levels of diamine in women were lower in the resection line tissue by an average of 2.4
times, and in the peritumoral tissue by 1.6 times, compared with men, but there were no sex differences in the tumor tissue.
Conclusion. Apparently, changes in the levels of dopamine, norepinephrine, and serotonin in lung tissues could be associated
with the severity of SARS-CoV-2 infection. Since dopamine is involved in counteracting the carcinogenic action of the adrenergic
system and in the regulation of various immunocompetent cells in the tumor microenvironment, such changes in the biogenic
status in the lungs of patients of the main group could lead to a more severe tumor course.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

YPOBEHb BUOTEHHBLIX AMWHOB B TKAHWU NETKOT0 b0/IbHBIX HEMENKOKIETOYHbIM
PAKOM JIETKOTO MEPEHECLIMX COVID-19 PA3/IWYHON CTEMEHM TAXECTH

0. W. Kut, E. M. ®panumsny, [l. A. Xapare3soe, B. A. bangosknHa™, H. [l. Yepsipuna, 0. A. Moropenoea, 10. H. JlasyTux,
A. T. Munakun, W. A. leiimaH, 0. H. CtaTewHbiii, H. []. Yiakoea

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

PE3IOME

Lienb nccnepoBanus. MayueHue cogepxxaHns 61MoreHHbIX aMMHOB — CEPOTOHMHA U ero MeTabonuta 5-OUYK, nodamuHa, Hopa-
ApeHanuHa u rmcTaMuHa B TKaHSIX JIErkoro y 60/1bHbIX pakoM nerkoro nepeHeciunx COVID-19 pa3fniMyuHoi cTeneHmn TAXeCTU.
MauuneHTbl U MeToAbl. [11151 UCCnefoBaHUs NOCYXUKM 06pa3sLbl IErOYHON TKaHWU BHE 30HbI OMYXOJIEBOrO POCTa, TKaHU
Onyxonu u ee nepndoKanbHON 30HbI, MOJIYyYEHHbIE B pe3ybTaTe OTKPbITOW 6UONCUM NPU BbIMOTHEHUN paguKalbHbIX
onepaumit y 60/bHbIX Mophonormyeckn BepudruMpoBaHHbIM HEMENKOKIETOUYHbIM pakoM fierkoro (HMPST) I-1IIA cTagum
(cT,_,N,M,). B ocHosHyto rpynny sowwnn 30 601bHbIx HMPJT (15 My>UMH 1 15 xeHLumH), nepeHectunx COVID-19 B Taxenon
1 cpefHeit TsxxecTu popme, NoTpeboBaBLUel rocnMTannsaumm, KOHTPObHYO FPYNMy aHanorMyHo cocTaBun 15 My>XuuH
1 15 xeHwmH ¢ HMPJ1, y koTopbix uHdekumst SARS-CoV-2 npoTekana 6eCCUMNTOMHO Uu B nerkon popme. CpepHuii BospacT
naumeHToB coctaBun 59,11 + 2,9 roga. KonnyecTBeHHYHO OLIEHKY cofiep)XaHus fJodhaMuHa, HopagpeHanuHa, CEpOTOHUHA,
5-oKcuMHA0NyKeycHom kncnoTbl (5-OMYK) 1 ructamuHa BoinonHsnm metogom UOA (IBL; Fepmanus).

PesynbraTbl. Bo Bcex nccnefoBaHHbIX 06pa3Lax TKaHeil Nerkoro My>4mH v XXeHLLMH OCHOBHOM rpynnbl, MO CPaBHEHUIO
C KOHTPOJIbHOM rpynno, UMeeT MECTO HeJOCTaTOYHOCTb KaTeX0NaMUHOB, 6€3 HapyLUEHUs UX COOTHOLLEHUS U USMeHeHne
MeTabonim3mMa CepoToHMHa AN 06ecrneyeHnsn ero ycTonunBoro ypoBHs. Tak, ypoBeHb fodaMyHa B o6pa3uax naumeHToB
OCHOBHOW rpynnbl 6bI/1 HUXe B cpefHeM B 1,3 pasa, HopagpeHanuHa B 1,3-3,3 pa3a, cepoToHMHa B cpefHeM B 1,6 pasa,
a S0MNYK B 1,8—4 pasa. B Toxe BpemMs yCTaHOBJIEHbI MO/I0BbIE PAa3/IMUUA B COAEPXKAHUN TMCTaMUHA, KOTrAa Y XXeHLUWH, BHe
3aBMCUMMOCTM OT TsXKeCTu nepeHeceHHoro COVID-19 ypoBeHb AnaMuHa 6bin HUXE B IMHUM pe3eKLumn B CpefHeM B 2,4 pasa,
a B nepudokanbHou 30He B 1,6 pa3a, No CpaBHEHWIO C MY>XYMHAMM, HO OTCYTCTBME NMOJIOBbIX Pa3fINYMii B TKaHN OMYyXOJU.
3akntoueHue. 04eBULHO, UBMEHEHWS! YPOBHS AodaMuHa, HopafpeHanuHa U CEPOTOHMHA B TKaHSIX IerKOro MoryT 6biTb
CBfI3aHbl C TAXECTbIO NepeHeceHHon nHdekuun SARS-CoV-2. YunTbiBas To, 4To AodaMuH yyacTByeT B MPOTUBOLENCTBUM
KaHLUeporeHHOMY 3 deKTy afipeHeprnyecKon CUCTEMbI U B Perynsinm passimyHbiX UMMYHOKOMMETEHTHbIX KIETOK B MUKPO-
OKPY>XEHUW OMyXOU, NOAO6HbIE UBMEHEHUSI BUOTEHHOrO CTaTyca B JIErKOM Y 60JIbHbIX OCHOBHOW FPyMnbl MOFYT NPUBOAUTL
K 6onee TAXENOMY TEYEHMHO 3/1I0KaYeCTBEHHOIO npoLiecca.

KnioueBble cnoBa: AopaMuH, CEPOTOHMH, TMCTaMUH, pak nerkoro, COVID-19
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BACKGROUND

Coronavirus disease (COVID-19) is caused by
a new virus — severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) [1-3], which can be transmit-
ted from one person to another. By January 3, 2022,
more than 290 million people worldwide had been
diagnosed with COVID-19, and more than 5.4 mil-
lion of these patients had died [4]. Lung cancer (LC)
ranks second among the most common malignant
neoplasms in the world in terms of morbidity and
mortality [5-7]. Patients with LC may be at a higher
risk of infection with SARS-CoV2 and have a worse
prognosis for the course of the disease [8]. As arule,
multiple immune disorders are observed in patients
with LC [9], which may affect the effectiveness of
COVID-19 treatment.

There is still insufficient information on the impact
of COVID-19 infection on the survival of patients with-
LC, as well as on complications associated with infec-
tion and prognostic factors. In a meta-analytical study
conducted by Desai A. D. and co-authors (2022) [10],
with data on 2,922 cancer patients at various stages
hospitalized with COVID-19, it was found that male
gender, middle age and recent active cancer therapy
were factors associated with mortality. Other authors
note that in addition to age and chronic concomitant
diseases, the need for invasive or non-invasive me-
chanical ventilation and female gender are identified
risk factors for respiratory long-term complications
of COVID-19 [11].

Data on subacute and long-term consequences
of COVID-19 are accumulating. The most severe
manifestation of post-infectious lung damage is
pulmonary fibrosis, which has a profound long-term
effect on the respiratory health of patients. More than
a third of patients who survived severe COVID-19
pneumonia developed pulmonary fibrosis [12]. In
animal models, SARS-CoV-2 infection also induced
the expression of profibrotic cytokines and the occur-
rence of pulmonary fibrosis [13]. Although the spe-
cific mechanism requires further study, lung fibrosis
caused by SARS-CoV-2 has much in common with
lung fibrosis caused by other viruses.

It is worth noting that pulmonary fibrosis after a vi-
ral infection may not be a direct result of infection,
and other factors, such as trauma caused by ventila-
tion, may also play a role. Many severe patients with
viral infection undergo artificial lung ventilation (AVL)
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during treatment, and available studies have shown
that patients with a longer period of ventilation had
a higher probability of developing pulmonary fibro-
sis and a worse prognosis [14]. Diem K. et al. (2020)
showed that alveolar cells under mechanical stress
can produce signaling molecules to communicate with
neighboring cells and promote a fibrous reaction [15].

The mechanisms underlying the pulmonary fibro-
sis caused by the virus need to be studied in depth.
Research can help doctors assess the risks of a com-
bination of COVID-19 and lung cancer, which can
ultimately reduce or even prevent deaths. A key gap
in knowledge and acute unmet medical need in the
clinical management of lung cancer patients in the
era of the COVID-19 pandemic is the characterization
of the molecular mechanisms linking these two dis-
eases. Of particular interest, from our point of view,
is the study of biogenic amines in lung tissue of lung
cancer patients who have undergone COVID-19.

It has been shown that histamine and the hista-
mine receptor signaling pathway can play a crucial
role in the penetration of the virus into endothelial
cells. SARS-CoV-2 causes an inflammatory reaction
in infected patients [11]. The authors believe that
a local increase in histamine levels, for example, in
the lungs, brain or heart, can change the penetration
of the virus into cells directly in the body. Wu M. L.
et al. (2022) showed that mast cell degranulation
caused by spike protein initiates inflammation of
the alveolar epithelium to destroy the barrier, and
suggested using antihistamines not for their intended
purpose, but as mast cell stabilizers to block degran-
ulation and, consequently, suppress inflammation and
prevent lung damage [16]. High levels of histamine
and histamine receptors, including HIR~H4R, were
found in various types of tumor cells and cells of
the tumor microenvironment, which suggests their
involvement in tumor progression [17].

Research by Fabre A. with co-authors (2008) [18]
showed the involvement of serotonin in the patho-
physiology of bleomycin-induced pulmonary fibrosis
in mice and identified it as a potential therapeutic
target for fibrotic lung diseases. Serotonin (5-hy-
droxytryptamine; 5-HT) is a vasoactive peptide
synthesized from tryptophan by enterochromaffin
cells of the intestine and endothelial cells. There is
a very low level of circulating free serotonin in the
blood, since most of the serotonin is concentrated in
platelets. Under physiological conditions, the lungs



l0xHo-Poccuitckuii onkonornyeckuii xypHan 2023. T. 4, N2 2. C. 16-27

Kut 0. U., dpaHuusHy E. M., Xaparesos 1. A., baHgoBkuHa B. A.™, Yepsipuna H. [1., Moropenosa 0. A., NlasyTuH 10. H., MunakuH A. T, Jleiiman W. A, CtatewHbiii 0. H.,
Ywakosa H. [l. / YpoBeHb 61OreHHbIX aMUHOB B TKaHW IErkoro 6osbHbIX HEMENKOKIETOYHbIM pakoMm fierkoro nepeHeciunx COVID-19 pasnuyHoii cTenenm TsxecTu

are exposed to low levels of circulating serotonin.
In pathological conditions, the release of serotonin
stored by platelets and endothelial cells can increase
the concentration of serotonin both locally and in the
bloodstream. It has been shown that 5-HT2A and
5-HT2B receptor subtypes play the most important
role in the lungs, where serotonin is involved in the
control of vaso- and bronchoreactivity [18]. Studies
have shown the potential stimulating effect of se-
rotonin on proliferation, invasion, dissemination of
cancer cells and tumor angiogenesis. Although the
underlying mechanism is complex, it is assumed
that serotonin levels in the tumor and its interaction
with specific receptor subtypes are associated with
disease progression [19].

The role of norepinephrine in malignant growth
is associated with cancer cell survival, proliferation,
resistance to apoptosis, invasion, metastasis, an-
giogenesis and stromal compartments in the tumor
microenvironment [20]. Norepinephrine can inhibit oxi-
dative phosphorylation and induce angiogenic switch-
ing, stimulating the metabolism of endothelial cells
in a direction that promotes cancer progression [21].
There are several mechanisms underlying the role
of norepinephrine in the development of tumors.
Activation of B2-adrenoreceptors promotes tumor
growth and angiogenesis by increasing the expres-
sion of vascular endothelial growth factor (VEGF),
metalloproteases MMP2 and MMP9, which addition-
ally potentiate angiogenic and metastatic processes
in adrenal cancer, lung cancer, and breast cancer.
These effects are largely mediated by a B-adrenergic
increase in cyclic adenosine monophosphate (CAMP)
levels and subsequent activation of protein kinase
A, which performs the corresponding functional reg-
ulation by phosphorylation of downstream targets,
such as protein binding the cAMP response element,
nuclear factor kappa B and activator protein 1 [22].

Dopamine is a biological precursor for the syn-
thesis of norepinephrine. In addition to the common
angiotensin-converting enzyme receptor 2, new coro-
naviruses may use other alternative pathways. The
first putative receptor or coreceptor is dopamine.
Dopamine is known to reduce SARS-CoV-2 replication
in vitro by suppressing its D2 receptors and enhanc-
ing type | interferons [23]. Recent evidence suggests
that SARS-CoV-2 interferes with immune responses
through dopamine-related mechanisms [24]. How-
ever, dopamine can suppress the immune response

during infection, thereby increasing the life cycle of
SARS-CoV-2. Elevated dopamine levels reduce oxy-
gen levels, especially when considering the "happy"
hypoxemia associated with COVID-19 [23]. This hap-
pens because dopamine has a known ability to dull
the ventilation response of the basal carotid arteries
of a person to hypoxia. However, to date, no studies
have examined the potential role of dopamine and
dopaminergic receptors in COVID-19 infection.

As for the role of dopamine in cancer, the available
information is quite contradictory. Some epidemio-
logical and molecular biological studies have shown
that dopamine has different effects on different types
of cancer and even on cancer of the same localiza-
tion [22]. These results mean that an imbalance in
the dopaminergic system may be associated with
the development of a malignant tumor.

Purpose of the study was to study the content
of biogenic amines — serotonin and its metabolite
5-HIAA, dopamine, norepinephrine and histamine in
lung tissues in patients with lung cancer who had
suffered COVID-19 of varying severity.

PATIENTS AND METHODS

The material for the study was samples of lung
tissue outside the tumor growth zone, tumor tissue
and its perifocal zone obtained as a result of open
biopsy during radical operations in patients with
morphologically verified non-small cell lung cancer
(NSCLC) of stage I-llIA (cT,_,N,M,). The study in-
cluded 60 male and female patients in a 1:1 ratio
who underwent a standard X-ray examination before
surgery to exclude metastatic disease: computed
tomography (CT) of the chest and abdominal cavity,
as well as brain imaging (CT or MRI); part of the
patients underwent 1-F-FDG PET-CT, but this study
was optional. Osteoscintigraphy was performed ac-
cording to clinical indications. The clinical stage of
NSCLC was established using the TNM lung Cancer
classification Union for International Cancer Control /
American Joint Committee on Cancer classification
system, version 8.

Patients who had suffered SARS-CoV-2 infection
3-6 months ago, aged 18 years and older with mor-
phologically verified NSCLC, who were scheduled for
radical surgical intervention in the volume of lobec-
tomy, bilobectomy or pneumonectomy with medi-
astinal lymph dissection, were considered suitable.
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The initial status of the patients should have been
0-2 points on the ECOG scale, the volume of forced
exhalation in 1 second more than 1.5 liters or more
than 70 % of the required and normal indicators of
standard laboratory tests, including a general blood
test, biochemical serum analysis, coagulogram, indi-
cating the absence of functional disorders of organs
and systems. The study did not include patients who
had undergone neoadjuvant chemotherapy, with syn-
chronous contralateral lung cancer, with malignant
neoplasms of other localizations, except basal cell
skin cancer, in the past or current history and with
recent less than 6 months. severe cardiac, pulmonary
or inflammatory diseases, except COVID-19, as well
as patients with diabetes mellitus.

Upon hospitalization, all patients had a negative
PCR test for SARS-CoV-2 from the nasopharynx.
Based on anamnestic data collected using a spe-
cial questionnaire, depending on the severity of the
clinical course of COVID-19, the main and control
groups were formed. The main group included 30
patients with NSCLC (15 men and 15 women) who
had suffered COVID-19 in severe and moderate form
that required hospitalization, the control group sim-
ilarly consisted of 30 patients with lung cancer in
whom SARS-CoV-2 infection was asymptomatic or
mild. The average age of the patients was 59.11 £ 2.9
years, there were no significant differences between
the compared groups in terms of anthropometric and
clinical indicators.

The study participants gave written informed con-
sent to medical intervention, surgery, processing of
personal data and collection of biological material in
accordance with the Helsinki Declaration. The study
was approved by the Ethics Council of the NMRC for
Oncology of the Ministry of Health of Russia, Rostov-
on-Don (Protocol No. 6 of 01/17/2022).

Quantitative assessment of the content of dopa-
mine, norepinephrine, serotonin, 5-hydroxyindolacetic
acid (5-HIAA) and histamine was performed by the
ELISA method using standard kits (IBL; Germany).

Statistical analysis was carried out using the Sta-
tistica 10 program. The normality of the distribution
was assessed using Kolmogorov-Smirnov methods,
differences between groups were determined us-
ing the Student's t-test or the Mann-Whitney U-test,
depending on the normality of the distribution. The
value of p < 0.05 was considered as an indicator of
statistical significance.
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RESEARCH RESULTS

It was found that in intact tissue (resection line)
of men and women of the main group, the level of
dopamine and norepinephrine was lower than in the
corresponding samples of patients of the control
group: in men on average 1.3 times, in women on
average 1.4 times. Since dopamine is a precursor
to norepinephrine, we found it interesting to study
the ratio of dopamine and norepinephrine. The ra-
tio of dopamine to norepinephrine (D/NA) had no
significant differences, both between groups and
depending on gender (Table 1). The histamine level
in the patients of the main group had no significant
differences from the values in the control group, how-
ever, in both groups the indicator was higher in men
than in women: in the control group — 2.5 times, in
the main group — 2.3 times. The serotonin content
was 1.5 times higher in patients of the control group
on average, regardless of gender. Significant differ-
ences were found in intact tissue and in the content
of the serotonin-5-HIAA metabolite. The values of
this indicator were 4.2 times and 2.8 times higher in
men and women of the control group, respectively. At
the same time, gender differences are noted: in men,
the indicator was 1.9 times higher than in women in
the control group, in the main group — 1.3 times. The
ratio of serotonin/5-HIAA (5-HT/5-HIAA) reflects the
process of synthesis/decay of this biogenic amine.
It turned out that in patients of the main group, this
indicator was higher than in the control group: in
men - 2.7 times, in women — 1.9 times. At the same
time, there were gender differences: in the control
group, the indicator for women exceeded the values
for men by 1.5 times. In the main group, 5-HT/5-HIAA
was the same for women and men.

In the tumor tissue of men and women of the main
group, the level of dopamine had no significant differ-
ences from the corresponding samples of patients of
the control group, only in the main group the level of D
in the tumor was 1.5 times higher in women, whereas
in the control group no sex differences were detected.

At the same time, relative to the indicators in intact
tissue, the level of dopamine in the tumor tissue of
male and female patients of the control group was re-
duced by 1.3 times and 1.4 times, while the values in
the tumor tissue of patients of the main group had no
significant differences. The content of norepinephrine
in the tumor tissue of patients in the control group,
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Table 1. The content of biogenic amines and their ratios in the lung tissues of patients with NSCLC, depending on the severity

of COVID-19
D NA 5HT 5-HIAA Histamine 5HT/
Groups  Sex ng/gt ng/gt ng/gt ng/gt ng/gt D/NA SHIAA
Resection line tissue
M 728+74 60165 20019 054+006 1572.9+159.4 12%002  3.8+0.14
Control
0284002 6349719 5.6+02
Fooo857:79 741391 1exo17 P SOOR SOl 1226005 07 0E
556439  447+34  13+014 013007 9.9+ 0.45
M 1200495 p'=00455 p'=00062 p'=00000 437-3%1358 1262004 " 50000
Main
¢ 662:51 512361  11x012 0 *0098 egar71a4 Lo oo 108x061
p'=00477 p'=00462 p'=00234 P =0 p? = 0.0000 38+0. p' = 0.0000
p? = 0.0374
Tumor tissue
5424397 113.6+547 2026941294 047+0.02  13.350.21
M 3200350 ps=00000 °3%¥022 025£#002 4353 p*=0.0000  p?=0.0000
Control
19927 £210.6
60.1£32  118.8+6.1 29 0.51+0.01 145%0.79
F p?=00138 ps=00003 °38%039 027+004 p*=0.0000 p?=0.0000  p?=0.0000
p*=0.0014
375438 214023 1901.7+1559  1.2+0.02
Mo as3xas  STOESS Mt Goes 02t002 UG Siotoce 1064019
Main
F 678%74 356339  28%026 ., oo 10081050 5~ 0.0000 1431077
p2=00170 p'=00000 p'=00441 O2%0- b p? = 0.0000 310
pr=v p? = 0.0000
Periodical zone tissue
M 718+78 645+72 17018 05%007  1710.1£190.7 114001  3.7+0.24
Control
03004  11353+1212 6.2+0.29
F o 778¢84 6712736 18:019 3000 TIGSR 126003 SZRRER
0.1840.02
M  555+56 51.5+57  14+016 p'=00002 1473.9+1612 11+006  7.8+0.17
p?=0.0392
Main
0.17 0.02
F 633+64 437+45 15018 p'=00036 +29%1082  4,,003  88+029
p*=00077 P =00182

Note: statistically significant in relation to: ' - to the corresponding indicator in the control group; 2 - to the indicator in men in the corresponding
group; ® - to the corresponding indicator in the tissue of the resection line; * to the corresponding indicator in the tissue of the perifocal zone;

gt - grams of tissue. D — dopamine, NA — norepinephrine, 5NT - serotonin, SHIAA — 5-hydroxyindoleacetic acid.
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regardless of gender, was 3.2 times higher than the
level of biogenic amine in the tumor tissue of the
main group on average. At the same time, relative to
intact tissue, the indicators were increased in men
and women of the control group by 1.9 times and
1.6 times, respectively, and in the main group had no
significant differences. The ratio is D/NA the tumor
tissue of patients of the control group was lower than
in patients of the main group: in men by 2.4 times, in
women by 3.9 times. Gender differences were noted
only in the main group of patients: in women, the
indicator was 1.6 times higher. With respect to intact
tissue, the coefficient is D/NA in the tumor tissue of
patients in the control group, regardless of gender,
was reduced by an average of 2.4 times.

In the tumor tissue of the main group, relative to
the corresponding intact tissue, the level of D/NA
was increased in women by 1.5 times, and had no
significant differences in men. The histamine content
in the tumor tissue of patients of the control and main
groups did not differ either between the groups or
depending on gender, but was increased relative to
the values in the corresponding intact tissue: in men
and women of the control group by 1.3 times and 3.1
times, respectively, in men and women of the main
group — by 1.3 times and 2.4 three times, respectively.
The level of serotonin in the tumor tissue of patients
in the control group was 1.4 times higher than in the
main group, regardless of gender, on average, and the
level of its metabolite 5-HIAA K had no significant
differences. The 5-HT/5-HIAA coefficient in the tumor
tissue did not differ between the groups and did not
differ by gender, but in the control group there were
differences with the indicators in the corresponding
intact tissue: in men, the indicator was 3.6 times
higher, in women - 2.5 times.

In the tissue of the perifocal zone, the content of
dopamine, norepinephrine and their ratios in all the
studied samples had no significant differences from
the indicators in the corresponding intact tissue and
tumor. There were also no significant differences in
the content of serotonin in the samples of the peri-
focal zone and the corresponding intact tissue, but
at the same time, the level of 5NT was lower than in
the tumor itself by an average of 1.5-2 times. In the
perifocal zone, the level of 5-HIAA did not differ from
the indicators of the corresponding intact tissue in
patients of the control group, whereas there were
differences in the samples of patients of the main
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group. So in men, the level of the metabolite was
1.4 times higher, and in women - 1.7 times. In this
regard, the ratio of 5-HT/5-HIAA in the tissue of the
perifocal zone in patients of the control group had no
significant differences from the values in the intact
tissue, maintaining the same sex differences — 1.8
times higher in women. In the tissue of the perifocal
zone of the tumor of patients of the main group, the
ratio of 5-HT/5-HIAA also had no differences with the
corresponding intact tissue and tumor tissue. The
histamine level in the tissue of the perifocal zone of
the tumor in men of both groups had no significant
differences from the values in the corresponding
intact tissue, and in women of both groups, the level
of this diamine occupied an intermediate position
between the indicators in the corresponding intact
tissue and tumor tissue. Thus, in the tissue of the
perifocal zone of the tumor of women of the control
and main groups, the histamine level was 1.8 times
and 1.5 times higher, respectively, than in the intact
lung tissue, but 1.8 times and 1.6 times lower, re-
spectively, than in the tumor.

Thus, it was found that in all the studied lung tis-
sue samples of men and women of the main group,
compared with the control group, there is an insuffi-
ciency of catecholamines without violating their ratio
and a change in serotonin metabolism to ensure its
level. Obviously, changes in the biogenic status of
lung tissues may be associated with the severity of
the SARS-CoV-2 infection.

DISCUSSION

Neurotransmitters, which include biogenic amines,
are usually considered as substances secreted by
nerves that mediate the stimulating or inhibitory func-
tions of neurons by binding to the corresponding
receptors. In recent decades, many new discoveries
have appeared explaining the regulatory role of neu-
rotransmitters in the physiological and pathological
functions of tissues and organs. It is noteworthy that
new data suggest that cancer cells use a signaling
pathway initiated by neurotransmitters to activate
uncontrolled proliferation and dissemination [22]. In
addition, neurotransmitters can affect immune cells
and endothelial cells in the tumor microenvironment,
regulating tissue homeostasis, influencing various
tumor phenotypes and contributing to tumor progres-
sion [22; 24; 25]. Neurotransmitters can affect cancer
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cells and immune cells in an autocrine/paracrine way.
Similar to the processes of neoangiogenesis and
lymphangiogenesis, more and more evidence points
to the possibility of the formation of new nerve end-
ings in tumors, a phenomenon called neoneurogen-
esis [25]. Neurotransmitters of nerve fibers released
in the tumor microenvironment activate tumor cells
by binding specific neurotransmitter receptors. This
process has further expanded our knowledge of the
complex network of neurotransmitters associated
with tumor progression. In addition, immune cells
and endothelial cells infiltrated in the tumor micro-
environment also express various neurotransmitter
receptors and react with neurotransmitters, which
is known to have a strong effect on the outcome of
cancer in humans [26].

In this study, it was shown that in lung tissue unaf-
fected by the malignant process (resection line), there
were gender differences in the level of histamine, re-
gardless of the severity of COVID-19: in men, its con-
tent was more than twice as high as in women [27].
This fact may be associated, on the one hand, with
inflammatory changes in lung tissue in men, on the
other, with an increased possibility of virus penetra-
tion into cells, and possibly with hormonal security of
the tissue. In the tumor tissue, regardless of gender
and infection, the histamine level was higher than in
the corresponding conditionally intact tissue, which
indicates the likelihood of its participation in tumor
progression [17]. The histamine content in the tis-
sue of the perifocal zone of the tumor occupied an
intermediate position between the tumor tissue and
the resection line, which indicates the involvement of
this zone in the process of carcinogenesis.

Non-small cell lung cancer (NSCLC) is the most
common form of lung cancer and is characterized by
a chronic inflammatory process, which is associated
with high infiltration of mast cells and a decrease in
patient survival [28]. It is known that high levels of
histamine and histamine receptors in a wide range of
different types of cancer, including lung cancer, indicate
their involvement in the complex biology of cancer [29].
In addition, histamine has been shown to stimulate
various events related to carcinogenesis, such as cell
invasion, migration, and angiogenesis, demonstrating
its crucial role in cancer progression [17].

5-HT is known to regulate epithelial homeostasis
of the breast, lungs, pancreas, liver and prostate.
A violation of the regulation of 5-HT signaling is often

observed in epithelial tumors [19]. We have shown
that the absolute level of serotonin, as well as the
ratio of 5-HT/5-HIAA in the tumor tissue in the control
group were significantly higher than in the condition-
ally intact lung tissue and tissue of the perifocal zone
of the tumor and had no fundamental differences
depending on gender.

The available data clarified the biology of the tu-
mor from the positions of 5-HT. It was found that
5-HT promotes cell proliferation in cancer through
various 5-HT receptors [30]. Jiang S. H. and co-au-
thors (2017) demonstrated that human pancreatic
cancer tissues have elevated levels of 5-HT, and
pancreatic cancer cells increase the expression of
its receptor, HTR2B. This increase promotes tumor
glycolysis under metabolic stress and promotes the
growth of pancreatic cancer [22].

However, we drew attention to the fact that in
patients of the main group, the level of serotonin
and the ratio of 5-HT/5-HIAA in the tumor tissue and
its perifocal zone had no fundamental differences
from the indicators in the control group of patients,
and the ratio of 5-HT/5-HIAA in intact tissue along
the resection line was significantly different from
the indicators in the control group and was similar
to the indicators in the tumor tissue of patients in
the main group. This could not be explained in any
way from the standpoint of the participation of se-
rotonin in tumor progression, since in the tissue of
the corresponding perifocal zone, the indicators were
significantly lower, as well as in patients of the con-
trol group. We considered that this was due to the
severity of COVID-19, namely, the ability of serotonin
to influence the formation of fibrosis in the lungs.
Moreover, in the intact tissue of patients of the main
group who had suffered severe and moderate infec-
tion, the relative level of serotonin was increased
not due to its de novo synthesis, but due to a sharp
drop in its decay.

The results obtained by Petri¢ M. with co-authors
(2022) indicate that serotonin may play a profibrotic
role in lung tissue, especially due to the fact that half
of patients with low lung capacity had interstitial
lung diseases [31]. In mouse models, data were ob-
tained that serotonin is involved in the pathogenesis
of pulmonary fibrosis through 5-HT/Akt signaling
pathways and enhanced TGF-B1-induced collagen
synthesis [32]. A Swedish group of authors identified
the serotonin receptor as a therapeutic target for the
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fibrosing phenotype of interstitial lung diseases [33].
At the same time, there is a study showing a vio-
lation of the regulation of tryptophan metabolism,
characterized by a decrease in serotonin production
in combination with the accumulation of quinoline
in patients with COVID-19 during the acute phase of
infection, especially in patients with the most unfa-
vorable outcomes [34].

Perhaps in situations where available serotonin
levels are reduced, inhibition of its local metabolism
may have a beneficial effect, helping to maintain ad-
equate levels of serotonin signaling.

There are several mechanisms underlying the role
of adrenaline and norepinephrine in the development
of tumors. Norepinephrine can stimulate the metab-
olism of endothelial cells in the direction of inhibition
of oxidative phosphorylation and induction of angio-
genic switching, which contributes to the progression
of cancer [21].

In our study, it was shown that in the tumor tis-
sue of patients in the control group, the level of
norepinephrine was significantly higher than in the
corresponding intact tissue and tissue of the perifo-
cal zone of the tumor, which is consistent with the
literature data. No gender differences were noted.
The other was observed in lung tissues of patients
of the main group. In the tissue of the resection
line of these patients, the level of norepinephrine
was significantly lower than in the intact tissue of
men and women with lung cancer of the control
group. The same pattern was found in the tumor
tissue and in the tissue of its perifocal zone. At the
same time, there were no differences in indicators
between all samples, i.e. the level of norepinephrine
was approximately the same, and significantly lower
than in patients of the control group. Explanations
for this fact were difficult to find. Then we turned to
the content of dopamine in the lung tissues of pa-
tients with NSCLC, since it is known that dopamine
is a precursor of norepinephrine.

It is known that hormones such as glucagon,
adrenaline or norepinephrine trigger an intracellu-
lar signaling cascade that triggers the activation of
protein kinase A. Dopamine weakens the activation
of protein kinase A, which is initiated by lowering the
cellular level of cAMP. Protein kinase A activates the
NF-kB pathway by phosphorylation of p65 by ser-
ine 276, which promotes oncogenesis of NSCLC in
mice and significantly correlates with progressive
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stages of TNM and poor prognosis in patients with
NSCLC [22].

We found that the levels of dopamine, as well
as norepinephrine in the intact tissue of men and
women of the main group were significantly lower
than in the corresponding samples of patients of
the control group, possibly due to a violation of tyro-
sine metabolism. The metabolism of amino acids in
the tumor microenvironment plays a key role in the
development and progression of the tumor. Tumor
cells often consume exclusively local nutrients, such
as amino acids, for their survival and compete for
them with other surrounding cells, such as antitumor
immune cells [35]. In the tumor tissue of patients of
both sexes of the control group, the level of dopa-
mine was reduced due to increased norepinephrine
formation. Not equivalent changes were found in
tumor tissue in men and women of the main group.
Thus, the levels of dopamine and norepinephrine in
the tumor tissue of men were reduced almost as
well as in intact tissue, and in women the content
of norepinephrine was kept almost at the level of
values in intact tissue and tissue of the perifocal
zone, dopamine was significantly higher, as well as
in the tissue of the perifocal zone.

It is known that dopamine is involved in countering
the carcinogenic action of the adrenergic system. The
antitumor effects of dopamine can manifest them-
selves in the regulation of various immunocompetent
cells in the tumor microenvironment. Dopamine is
able to inhibit the function of Gr-1 + CD115+ suppres-
sor cells of myeloid origin through D1-like receptors
and enhance antitumor immunity [22]. Recent intrigu-
ing evidence suggests that SARS-CoV-2 may interfere
with immune responses through dopamine-related
mechanisms. On the one hand, it has been suggest-
ed that dopamine receptors are used by the virus to
improve both its penetration and the life cycle inside
cells; on the other hand, it has been documented that
SARS-CoV-2 suppresses L-DOPA decarboxylase, an
enzyme that limits the rate of conversion of L-DOPA
to dopamine, which, obviously affects the content of
normadrenaline [36].

CONCLUSION

Obviously, changes in the levels of dopamine, nor-
epinephrine and serotonin in lung tissues may be
associated with the severity of SARS-CoV-2 infection
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and should be reflected in the course of lung cancer.
The influence of biogenic amines on tumor devel-
opment and progression includes their direct role in
tumor growth and metastasis not only through cancer
cells and stromal cells, but also through endothelial
cells and immune cells, contributing to angiogene-

sis, lymphangiogenesis and inflammatory response.
The transferred COVID-19 contributes its modifying
effect on the biogenic status in the lung in patients
of the main group, which can lead to a more severe
course of the malignant process and a change in the
response to standard antitumor therapy.
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ABSTRACT

Purpose of the study. To analyse free radical oxidation and antioxidant defense in patients diagnosed with early cervical
cancer (CC) before and after radical surgical treatment.

Patients and methods. Levels of diene conjugates, malondialdehyde (MDA), superoxide dismutase (SOD), catalase, glutathi-
one, glutathione-dependent enzymes, vitamins A and E were determined in 74 women under the age of 45 (48 patients those
who were at the stage of surgical treatment with a diagnosis of CC at the National Medical Research Center of Oncology in
the period 2017-2020 and 26 healthy women).

Results. Patients with early CC showed significant changes in the intensity of lipid peroxidation processes and in antioxidant
defense: elevate levels of MDA and diene conjugates, initial decline in the activity of SOD and catalase, low levels of vitamins
A and E. These results complete the understanding of the processes occurring in the body of an oncological patient at the
initial stage of tumor formation, which does not yet have an obvious clinical manifestation. After total removal of the ovaries,
most of the indicators characterizing the enzymatic link of the antioxidant system tend to normalize, while the violation of the
content of vitamins E and A (related to the non-enzymatic link of the antioxidant system) worsens.

Conclusions. Desynchronization of free radical oxidation processes with multidirectional changes in oxidation and antioxidation
in patients with early CC at the stage of radical surgical treatment should be considered from the position of hormone-reducing
surgery and a resulting complex of changes in the organs and systems of women with cancer.
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PE3IOME

Lienb uccnepoBaHus. [NpoaHannManpoBaTb COCTOSIHUE CBOGOAHOPAANKANBHOIO OKUCIIEHUSI U @HTUOKCUAAHTHOM 3aLUnTbI
y MaLMeHTOK C IMarHo30M «pak Lueiku maTku» (PLUM) paHHUX cTafuit 40 1 nocrie NpoBeAEHUs! paiMKanbHOro XMpypru-
YecKOoro NleYeHus.

MauueHTbl M MeTOAbI. MiccnenoBany ypoBeHb AMEHOBbIX KOHbBIOraToB, ManioHoBoro ananbaernga (MOA), cynepokeua-
ancmyTtasbl (COJL), kaTanasbl, FyTaTMOHa, FyTaTUOH3aBUCHUMbIX DEePMEHTOB, CoAepXXaHue BUTamMuHa A 1 E y 74 naumeHToK
B BO3PACTHOM KaTeropuu Ao 45 net (48 60/bHbIX, HAXOAMBLUUXCA Ha dTare XMpYPruyeckoro IeYeHuns ¢ guardosom PLUM
B ®I'BY «<HMWL] oHkonornu» MuHsgpasa Poccum B nepuog 2017-2020 IT. 1 26 340POBbIX XKEHLLMWH).

Pesynbratbl. Y 605bHbIX PLLM Ha HayanbHbIx CTaausix 3a60/1€BaHUS BbISIB/IEHbI CYLLLECTBEHHbIE U3MEHEHWS B UHTEHCUDUKA-
L1n peakLuii NepeKMCHOro OKUCIEHNA NMUNUAO0B U B aHTUOKCUAAHTHOM CUCTEME: MOBbILLEHHbIV ypoBeHb MIOA 1 AEHOBbLIX
KOHBIOraToOB, UCXOAHOE CHMXeHMe akTuBHocTM COJl n kaTanasbl, HU3KUe nokasaTtenv ButamuHa E u A. [laHHble pesynbTaThl
ZOMOMHAIT NPeACTaBNeHNs O NpoLeccaX, NMPOUCXOASALLMX B OPraHM3Me OHKOMOrMYecKoro 60/1bHOro Ha Ha4yalbHOM aTarne
(hopMMpOBaHKA ONyxosun, KOTopas eLwé He MMeET ABHOMO KJIMHUYECKOro NposiBsieHus. MNocne ToTanbHOro yaaneHust AYHUKOB
60/bLUMHCTBO NokKasaTeseil, xapakTepu3ayoLmx hepMeHTaTUBHOE 3BEHO aHTUOKCUAAHTHON CUCTEMBI, MPOSIBNISIOT TEHAEH-
LMIO K HOpManusawuu, B TO BpeMsi Kak HapyLleHWe CoaepXaHusi BUTaMUHOB E 1 A (oTHocsiLmuxcsl K HehepMeHTaTUBHOMY
3BEHY aHTMOKCUAAHTHOMN CUCTEMbI) yCyrybnseTcs.

3aknoueHune. [1eCMHXpOHN3aLMIo MPOLLECCOB CBOGOAHOPAANKANIbHOrO OKUCIIEHUSI C pa3HOHaNpaBieHHbIMU U3MEHEHUSI-
MU MPOLLECCOB OKUCNEHUS U aHTUOKMCNEHWUS, Y 60MbHbIX PLLUM paHHMX cTafumil Ha aTane paguKaibHOro XMpypruyeckoro
NleYeHus crielyeT pacCMaTpuBaTh C MO3ULMM FOPMOHPEAYLMPYIOLLEN ONepaLyun 1 CBA3AHHOIO C HEl C/TOXKHOrO KOMIJIeKca

M3MEHEHWI B OpPraHax u CUCTEMaxX XXEHLLMH C OHKOJIOrMYECKON NaTonornen.

KntoueBble c/loBa: pak LUeiiKu MaTKU, MEPEKUCHOE OKUCIEHWE NIMMUAOB, KaTanasa, MaJloHOBbIN Auanbaerug,
CynepoKMAAUCMYTa3a, ryTaTMoH
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RELEVANCE

The incidence of cervical cancer ranks 2nd
(5.3 %) in the structure of oncogenital pathology
in Russia, after uterine cancer (8.0 %) and 5th-6th
in the structure of the entire oncopathology of the
female population [1-3]. The tendency to increase
the frequency of developing CC in women of repro-
ductive age is alarming [4; 5]. The highest mortality
rates from this pathology are recorded in the age
group of 15-39 years (21.6 %) [6]. The increase in
morbidity and mortality rates among young wom-
en diagnosed with CC [7] contributes to the active
search for diagnostic and therapeutic directions
with the effective integration of new scientific re-
search. Modern trends in surgical treatment of
oncogynecological patients are aimed at carrying
out organ-preserving operations. According to the
practical recommendations for the treatment of CC
of localized stages, i.e. IA, IB1 and 11A1-2 from 2021,
patients are shown to perform modified uterine ex-
tirpation (classification according to Piver Ill). Wom-
en diagnosed with CC under 45 years of age may
retain ovarian function [8]. However, in some cases,
if patients are not interested in preserving repro-
ductive function, as well as in compliance with the
principles of radical treatment, total removal of the
affected organ and the most likely metastatic niches
is used. Thus, the risk of implantation metastasis
in ovarian cancer, the age of the patient and con-
comitant hormonal pathology determine the scope
of the operation, i.e. extirpation of the uterus with
appendages and expanded lymphadenectomy [9].
Forced and irreversible suppression of the ovaries
leads to the formation of a pathological complex
of disorders in the patient's body, which is due not
only to the carcinolytic effects of the tumor process,
but also to hypoestrogenia with a detailed meta-
bolic picture of an artificially created menopausal
state [10]. Postovariectomy syndrome (POES) mani-
fests itself in the form of disorders of homeostasis,
metabolic processes, neuroendocrine regulation
and psychoemotional status, and is also character-
ized by changes in the state of pro- and antioxidant
systems [9]. In addition, it is known that the growth
and development of a malignant tumor, as well as
the effect and negative manifestations of antitumor
therapy largely depend on systemic disorders in
the mechanisms of regulation of redox processes.
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During the formation of malignant transformation
and the progression of the process, pathogenetically
significant changes in the functional systems of the
body of an oncological patient are generally recog-
nized. There are results of studies where the role of
oxidative stress and imbalance of redox processes
in tumor growth is determined [11]. The activation
of free radical oxidation (FRO) processes with the
generation of activated oxygen metabolites in the
regulation of cellular programs is proven [12]. There
are studies that show significant changes in the
level of the main antioxidant enzymes and vitamins
A and E in patients with HPV (human papillomavi-
rus) — associated forms of CC [13].

In order to improve the diagnosis and identify
the patterns of development of CC, it is necessary
to further study the pathophysiological changes
occurring in the body of women of reproductive
age at the early stages of the process and as
a result of antitumor treatment. The results of
research by domestic and foreign authors indicate
that in the process of formation and progression
of a malignant tumor, there is an increased activity
of SRO with depletion of factors of the antioxidant
system of the body of an oncological patient [14].
A number of key indicators of lipid peroxidation
(LPO) and the activity of antioxidant protection
of the blood of an oncological patient are infor-
mative in assessing the extent of the prevalence
and progression of the tumor process. Long-term
experimental and clinical studies conducted
on the basis of the National Medical Research
Center of Oncology allow us to characterize the
state of redox reactions in most of the studied
oncogynecological processes, which undoubted-
ly acquires practical significance [15; 16]. Thus,
the basis of the method of treatment of patients
with a primarily unresectable form of CC, includ-
ing a combination of neoadjuvant chemotherapy
and plasmapheresis procedure, were revealed
violations among the indicators of free radical
processes in endogenous intoxication in cancer
patients at the stages of therapy [17]. At the same
time, questions remain open about the dynamics
of the indicators of LPO and the antioxidant sys-
tem in patients with early-stage CC, which may
be prognostically relevant in assessing the pro-
gression of the disease and the effectiveness of
the antitumor treatment.



l0xHo-Poccumitckuii onkonornyeckuii xypHan 2023. T. 4, N2 2. C. 28-38

Monoga H. H.=, FopownHckas W. A., Wuxnsposa A. U., Poenko [. A., MeHblueHnHa A. ., Apaxa A. 10., HeTbiBueHKo H. B., Yekmesosa C. A. /
MNokasaTenu cBO60AHOPAANKANBHOMO OKUCEHUS U aHTUOKCUAAHTHOI 3aLyUTbl Y NALMEHTOK C AMArHO30M «paK LeidKu MaTK1» 0 U NoC/e NPOBeAEeHNs

The aim of the study: to conduct a comparative
analysis of the activity indicators of free radical ox-
idation and antioxidant protection processes in the
blood of reproductive-age patients diagnosed with
early-stage cervical cancer before and after radical
surgical treatment.

PATIENTS AND METHODS

The blood parameters characterizing the state
of activity of oxidative processes and antioxidant
enzymes in 74 patients of reproductive age (up to
45 years) were studied. Of these, the main group
consisted of 48 patients diagnosed with CC, hos-
pitalized for complex treatment in the Department
of Oncogynecology of the NMRC for Oncology of
the Ministry of Health of Russia, and a compari-
son group of 26 women without oncopathology.
The criterion for inclusion in the groups of this
study was the absence of autoimmune and endo-
crine pathology, obesity, exacerbation of chronic
pathology, as well as constant medication intake.
The study was conducted with the approval of
the Ethical Committee of the institution and with
the voluntary consent of patients to use biologi-
cal material with the processing of their person-
al data for scientific purposes. The main group is
represented by patients diagnosed with CC, who
underwent modified extirpation of the uterus with
appendages (classification according to Piver Ill)
as the first stage of antitumor treatment. According
to the clinical examination, the distribution of the
stage of oncological disease (classification TNM,
2019) is presented: T, N M, in 5 patients (10.4 %),
T,,,N,M, in 7 patients (14.7 %), T,, ,N,M, in 36 pa-
tients (74.9 %). Morphological characteristics of
the tumor: squamous cell carcinoma was detected
in 40 patients (83.2 %), adenocarcinoma was diag-
nosed in 8 patients (16.8 %). A moderate degree of
differentiation was detected in 27 patients (56.2 %).
97.4 % of patients had a positive HPV test of high
carcinogenic risk. All patients of the group, in the
early postoperative period, had signs of POES to
one degree or another. The median age in the main
group was 37 years, the average age was 41.6 + 1.7,
the range was 26-45 years. The body mass index
(BMI) in the group was 23.8 + 0.16 kg/m?. Stages
of the study: before surgical treatment and the 2nd
day of the postoperative period. The comparison

PaAMKanbHOTO XMPYPruyeckoro NeyeHus

group consisted of 26 relatively healthy women,
employees of the center, comparable to the group
of patients with CC by age and BMI. The median
age is 39 years, the average age is 43.2 + 1.5, the
range is 28-45 years. The BMI in the group without
oncopathology was 23.3 + 0.4 kg/m?.

The intensity of LPO in erythrocytes and blood
plasma was determined by the indicators of diene
conjugates [18] and malondialdehyde (MDA) [19]. To
judge the state of the antioxidant system, the activ-
ity of superoxide dismutase, catalase, glutathione-
dependent enzymes, the level of glutathione [20],
the content of vitamin A and E were determined by
Chernyauskene R. Ch. method[21]. To determine
these indicators, venous blood sampling from pa-
tients was carried out from the ulnar vein, in the
morning, on an empty stomach.

Statistical results were processed using Statisti-
ka 10 programs according to the Student's criterion
for two independent samples and the nonparametric
Wilcoxon-Mann-Whitney criterion, the differences were
considered statistically significant at p < 0.05. The
samples were checked for compliance with the normal
distribution according to the Kolmogorov-Smirnov cri-
terion and the Shapiro-Wilk W-criterion. Since in most
cases the distribution was close to normal, the results
are presented in the form of M + m, where M is the
sample mean, m is the error of the mean, the median
(Me), which in all groups practically did not differ from
M, and the interquartile spread in the form of counting
the lower and upper quartiles: (Q25 and Q75).

RESEARCH RESULTS

The most informative integral indicators for as-
sessing the intensity of LPO processes in the blood
of patients are the content of primary products of
diene conjugates and malondialdehyde (Table 1).

The status of antioxidant protection in patients
with CC at the surgical stage of treatment was deter-
mined by several indicators: activity of catalase and
superoxide dismutase enzymes, the level of reduced
glutathione and glutathione-dependent enzymes (glu-
tathione peroxidase, glutathione transferase, glutathi-
one reductase). The data is shown in table 2.

Vitamin A and E levels in blood samples of CC
patients before and after the surgery was the subject
of special interest. The obtained data is brought in
the table 3.
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DISCUSSION

Malonic dialdehyde (MDA) is a secondary molec-
ular product of LPO, formed in the body due to the
reactions of ROS and polyunsaturated fatty acids.
According to modern concepts, MDA is considered
as a biological marker of changes in the system of
free radical lipid oxidation [22]. When studying the
initial activity of SEX processes in patients with a di-
agnosis of CC in comparison with healthy women,
a significant increase in MDA was recorded, in blood
plasma by 75.9 % (p = 0.002368), in erythrocytes by
59.7 % (p = 0.0108), the results are shown in Table 1.

According to our study, it was found that in pa-
tients with CC, the level of primary LPO products,
which include diene conjugates, was significantly
increased before the surgical stage of antitumor
treatment. This indicator had significant differences
with the group without oncopathology. So, in blood
plasma, the indicator exceeded the values by 4.4
times (p = 0.000011), and in erythrocytes by an av-
erage of 6.6 times (p = 0.000038). However, a sig-

nificant variation in the level of diene conjugates in
erythrocytes was detected in the group of patients
with CC, no changes were recorded in 42 % of cases,
while a 14-fold increase in indicators was observed in
58 % of cases. After surgery, the level of diene conju-
gates in the group of patients with CC had a decrease
of 5.3 times relative to the baseline level in erythro-
cytes, plasma, also recorded a decrease relative to
the group of healthy and remaining 3.6 times higher
than normal (p = 0.0033) (Table 1).

It is known that the main protective role under the
influence of oxidative stress belongs to the non-en-
zymatic link of antioxidants (glutathione, vitamins A,
E) and enzymatic antioxidants (superoxide dismutase
(SOD), glutathione peroxidase, catalase) [23]. The
results of the functioning of non-enzymatic and en-
zymatic antioxidant systems play an important role
in the regulation of carcinogenesis, including in the
processes that stimulate tumor progression, as well
as the formation of its resistance to therapy [14].

Superoxide dismutase refers to the enzymes of
the first line of defense of the antioxidant system.

Table 1. LPO indices in the blood plasma and erythrocytes in healthy women and CC patients before and after the surgery

Index

Study group

M+m

Me (Q25; Q75
(2P Healthy women,

CC patients before CC patients after

n=26 treatment, n = 48 surgery, n =48
12.476 £ 1.21 14.275 +1.424
MDA in blood plasma (nM/ml) 7o f40é§384) 11.1 (4.245; 19.85) 141 (6.51; 19.4)
: " S p = 0.002368 p = 0.000567
MDA in 1 % erythrocyte hemolysate  4.539 + 0.363 /.249 % 0‘734 7.964 £ 0‘80?
(nM/ml) 4.54(3.1: 5.651) 5.5(4.191; 7.25) 6.186 (4.409; 7.767)
' Y p =0.010766 p =0.008801
Diene conjugates in blood plasma 0.296 + 0.041 1.313 0.'1 56 1.055£0.1 ,82
(U/ml) 021 (0.19: 0.37) 0.9 (0.43; 2.29) 0.71 (0.355; 1.055)
' o p =0.000011 p =0.003255
1.192 +0.168
0.76(0.14; 2.15)
p =0.000038
Diene conjugates in 20 % 0.18+0.028 1)0.171 + 0.03 (20) 8'%1219(519'8424)
erythrocyte hemolysate (U/ml) 0.12(0.09; 0.22) 0.14 (0.1;0.19) p; - 0.000000

2)1.921 % 0.192 (28)
1.9 (1.035;2.7)
p = 0.000000

Note: statistical significance of differences from parameters in healthy women - p, from parameters in CC patients before surgery - p'.
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Superoxide radicals directly activate the reactions of
xenobiotic metabolism and prostaglandin synthesis,
participate in the expression of certain genes and
cell proliferation. A number of studies have shown
that SOD, in addition to its antioxidant role, performs
a regulatory function, while being the main link in
ensuring a constant oxygen concentration. A change
in superoxide dismutase activity can cause various
pathological processes [24]. Thus, a decrease in
the intensity of enzymatic reactions leads to in-
sufficient protection from active forms of oxygen

PaAnKanbHOro XUPYPruyeckoro neyeHus

metabolites. And an increase in the activity of SOD
contributes to the cytotoxic effect of hydrogen per-
oxide formed as a result of oxygen dismutation [14].
In our study, it was determined that the initial values
of SOD in patients with CC compared with the value
in the group of women without oncopathology had
statistically significant differences. The activity of
SOD erythrocytes in patients with CC was reduced
by 30-31 % (p = 0.000000) both before treatment
and after surgery in comparison with the "healthy"
group. A plasma study of the total activity of SOD

Table 2. Parameters of the enzymatic unit of the antioxidant defense in the blood of healthy women and CC patients before

treatment and after the surgery

Index
M+m
Me (Q25; Q75)

Study group

Healthy women,

CC patients before

CC patients after

n=26 treatment, n = 48 surgery, n =48
SOD in erythrocytes 110.79 £ 4.29 ;g?g %633"1829.8) 27332156365;51 5)
(act. U/ml) 113.95 (101.1;125.9) p = 0.000000 p = 0.000000

0.017 +0.0007

SOD in blood plasma 0.023 + 0.002 0.026 + 0.0018 0.016 (0.012; 0.02)
(act. U/ml) 0.022 (0.014; 0.032) 0.026 (0.015;0.033) p =0.000459
p'=0.000005
Catalase in erythrocytes 2673.8 £ 60.3 2093.8 £131.2 2464.6 £ 129
- 2720.5 (2500;2846.9) 2100 (1965.6;2491) 25373 (2034.8;2689)
(M H,0,/minxmg Hb) p = 0.000069 p' = 0.052306
. 52.02 + 2.91 69.62 + 6.38
Catalase in blood plasma 58.11+3.73
; 50.95 (42.01; 59.5) . 66.47 (52.22; 80.5)
(UM H,0,/min) 57.49 (46.25; 71.4) p = 0.010340
Reduced glutathione 35.81 £ 1.81 32.67 +2.88 31.01 £2.42

(UM/mg Hb)

34.97 (27.96; 43.82)

32.31(23.61;38.05)

29.86 (25.51; 40.05)

Glutathione reductase
(Iu/mg hemoglobin)

7.348+0.94
7.095 (3.47; 10.97)

6.066 + 0.758
5.28 (3.49; 7.69)

7.239 £1.053
7.385(2.385;10.23)

380.5+31.7
Glutathione peroxidase 232.9+23.7 P 2-'3”1'27'91’_ 624.7) 405.9 (307.8; 469.1)
(1U/mg hemoglobin) 218.6 (118.7; 344.4) 1.7 (317.1,624. p = 0.000440
p = 0.000005
: p' =0.095117
Glutathione transferase 69.97 £+ 5.29 61.35+3.88 61.15+4.47

(Iu/mg hemoglobin)

64.02 (49.03; 77.18)

59.2 (52.74; 68.45)

58.95(54.18; 70.42)

Note: statistical significance of differences from indices in healthy women - p, from indices in CC patients before surgery — p'.
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revealed a decrease in patients with CC after surgery
by 26.1-34.6 % (p < 0.001) compared with healthy
women and the indicator for CC before treatment
(Table 2).

Catalase is the main components of the first line
of antioxidant protection, which, being an enzyme
coupled with superoxide dismutase, decomposes
hydrogen peroxide formed during the dismutation of
the superoxide radical. The maximum accumulation
of the enzyme was registered in erythrocytes. In the
interstitial fluid of the body, catalase has no long-term
activity, which is explained by the result of the action
of proteolytic enzymes. It is believed that outside

of erythrocytes, the enzyme does not have an obvi-
ous protective function. At the same time, a number
of pathological conditions with the manifestation
of the inflammatory process are characterized by
an increased content of catalase, which provokes
a decrease in the intensity of oxidation processes of
functionally important structures [12]. In our study,
catalase activity was analyzed in healthy patients
and in patients with CC. Thus, in patients with CC,
we revealed an initial decrease in catalase activity
in erythrocytes by 21.9 % compared with the group
of healthy women (p < 0.001) and an increase in in-
dicators, and in plasma in the early postoperative

Table 3. Levels of vitamins E and A in the blood plasma and erythrocytes in healthy women and CC patients before treatment

and after the surgery

Study group
Index
M+m
Me (Q25; Q75) Healthy women, CC patients before CC patients after surgery,
n=26 treatment, n = 48 n=48
0.462 +0.037
0.266 + 0.022 .
Vitamin E (erythrocytes) (U/ml) 0.177 £ 0'91 0 0.22(0.17;0.37) 0"_170 (0.20;0.73)
0.15(0.14;0.19) = 0.002497 p =0.000000
p=0. p' = 0.000010
0.346 +0.034
0.274 +0.019
. . 0.474 £0.011 . 0.34 (0.22; 0.47)
Vitamin E (plasma) (U/ml) 0.465 (0.44; 0.54) 0.370(8610%00636) p = 0.003036
p=0. p' = 0.057561
0.109 £ 0.010
. . 0.212+0.010 0.219 £ 0.022 0.115(0.07; 0.15)
Vitamin A (erythrocytes) (U/ml) 0.20 (0.19; 0.26) 0.13 (0.12; 0.40) p = 0.000000
p' =0.000026
0.104 £ 0.020
0.252 +0.023
o 0.759 +0.022 , 0.075 (0.05; 0.1)
Vitamin A (plasma) (U/ml) 0.78 (0.62; 0.87) 0.31000(80102050, 0.37) p = 0.000000
p=2. p' = 0.000007
4903 £0.519
1.461 1+ 0.131
. 0.978 +0.122 . 3.286 (2.9; 6.635)
E/A coefficient (erythrocytes) 0.70 (0.538; 0.95) 15_5%(8142%5061 .923) p = 0.000000
p=0. p' = 0.000000
6.013 £+ 0.807 4.915+0.390
E/A coefficient (plasma) 8'225(5 &98771) 4.00 (3.00; 8.00) 5.00 (3.30; 5.80)
’ o p =0.000000 p =0.000000
1.382 £ 0.097
0.946 + 0.074
. . . 0.383 £+ 0.0285 . 1.353 (1.00; 1.851)
Erythrocytes/plasma vitamin A ratio 0.333 (0.295; 0.422) 0?%10(8(.)5010%1 .375) p = 0.000000
p=0. p' = 0.098750
1.496 + 0.097
1.139 £ 0.107
. . . 0.284 +0.014 . 1.7958 (1.00; 2.00)
Erythrocytes/plasma vitamin E ratio 0.321 (0.227; 0.333) 1.9%(863(‘)3(‘)3802.00) p = 0.000000
p=0. p' = 0.016233

Note: statistical significance of differences from indices in healthy women - p, from indices in CC patients before surgery - p'.
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period by 24.4 % (p = 0.01) (Table 2). This suggests
the release of an insignificant amount of the enzyme
from erythrocytes into the blood plasma due to the
possible destabilization of the membranes of blood
cells as a result of surgical exposure.

The study of the indicators of glutathione and
glutathione-dependent enzymes in the blood of pa-
tients with CC allows us to determine the activity of
this line of the antioxidant system, with a possible
prognosis of the course of cancer. Being an active
link in the mechanism of the cellular antioxidant
defense system, glutathione is considered as one
of the main components in the pathophysiology of
cancer [12]. The reduced form of glutathione in the
form of tripeptide — Lyglutamyl-Lcysteinylglycine is
present in cells of various types. In this compound,
the presence of a sulfhydryl group and a gamma-
glutamyl bond, being an electron donor, collectively
determines the functions of glutathione as a reducing
agent of nucleic acids, protein molecules and lipids.
This property of the chemical compound makes it
possible to significantly reduce the level of ROS in
non-enzymatic and enzymatic reactions. Intracellular
imbalance of reduced and oxidized glutathione is
observed in a number of pathologies, including the
development of a malignant process [25]. The data
obtained by us on the content of glutathione in the
studied groups did not reveal statistical differences,
although its level was slightly lower in patients with
CC before and after surgery. A comparative analysis
of glutathione-dependent enzymes revealed certain
changes. Thus, the activity of glutathione peroxidase
(GPO) in patients with CC significantly exceeded the
level in the group of women without oncopathology
by 102.9 % (p = 0.0002). After surgery, the trend did
not change, the GPO indicators in patients with CC
remained elevated by 63.4 % (p = 0.003) relative to
healthy women. The study of the dynamics of gluta-
thione reductase and glutathione transferase indices,
significant changes in the group of patients with CC
compared with the group of healthy ones did not
reveal (Table 2).

Thus, in the group of patients with CC, before the
start of treatment, there was a more than twofold in-
crease in the activity of GPO against the background
of a statistically significant decrease in catalase ac-
tivity in erythrocytes, which indicated a switch in the
decomposition of hydrogen peroxide and organic
hydroperoxides to non-toxic metabolites from the

PaAMKanbHOTO XMPYPruyeckoro NeyeHus

catalase pathway to the glutathione peroxidase path-
way. After surgery, there was a partial restoration of
the ratio between catalase and GPO, characteristic
of women without oncopathology: the catalase/ GPO
ratio was normal 11.5; in patients with CC before
surgery 4.4; in patients with CC after surgery 6.5.

It should be borne in mind that glutathione-
dependent enzymes perform an antioxidant func-
tion and are triggers in the regulation of peroxidation
mechanisms. It is fair to note that the role of some
enzymes in the formation of the malignant process
is not unambiguous. Organic hydroperoxides are me-
diators of most physiological processes, actively
participating in the regulation of cell proliferation and
apoptosis. There are publications on the role of the
enzyme glutathione peroxidase with the detection of
its activation in squamous cell carcinoma cells and
in lung adenocarcinoma [16].

It is known that the lack of vitamin E in the body
leads to the destabilization of cell membranes,
which leads to the breakdown of unsaturated fatty
acids, as well as to a violation of their protein com-
position. Another equally effective antioxidant is
vitamin A, which on the one hand interacts with free
radicals, and on the other hand provides a constant
level of vitamin E, thereby contributing to its anti-
oxidant effect [14]. Prior to the start of antitumor
treatment in the blood plasma of patients with CC,
the initial values of vitamin E and A in comparison
with the group of conditionally healthy were reduced
by 41.9 % and by 74.4 % (p = 0.000000). The con-
tent of vitamin E in erythrocytes was increased by
50.3 % (p = 0.0025), and no significant changes were
found for vitamin A. In the postoperative period, an
increase in vitamin E indices was recorded in the
erythrocytes of patients with CC by 2.7 times rela-
tive to women without pathology and by 1.8 times
relative to the baseline level (p = 0.000000), while
a decrease in the content of vitamin E in plasma was
observed — by 27 % (p = 0.0030) relative to healthy.
The level of vitamin A was reduced both in eryth-
rocytes by 1.9 times and in plasma by 2.4 times
(p = 0.000000) relative to healthy and by 2 and 2.4
times relative to the indicators before treatment (p <
0.0001). According to the results obtained, which
generally do not contradict the literature data [26],
the content of vitamin E in patients with CC is initial-
ly reduced only in blood plasma. At the same time,
the values of the ratio of vitamins E and A (E/A) in
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patients with CC of reproductive age before the start
of antitumor treatment were statistically significant-
ly increased relative to those in healthy women,
with an increase in red blood cells by 1.6 times (p =
0.015) and 9.5 times (p = 0.011) in blood plasma.
Data on changes in the E/A coefficient in oncogy-
necological patients are consistent with the results
of previously published data. Thus, in the publica-
tion of E. M. Franzyants (1995), an increase of 2-5
times in the E/A coefficient in blood cells in patients
with different tumor localization in the dynamics of
radiation therapy was shown. When analyzing the
results of the erythrocyte/plasma ratio (the ratio of
the level of vitamins in erythrocytes to their plasma
content), we revealed a significant increase in this
coefficient for both vitamins relative to the values
in healthy women, before surgery, the increase in
the erythrocyte/plasma ratio for vitamin A was 2.5
times, for vitamin E 4 times (p = 0.000000). After
the operation, a similar pattern was observed - the
ratio of vitamins E and A in patients with CC ex-
ceeded 5.3 times in red blood cells, and in blood
plasma by 7.7 times relative to the indicators in
healthy women. The erythrocyte/plasma ratio in
patients diagnosed with CC in the postoperative
period had a statistically significant increase. The
increase for vitamin E was 5.1 times, for vitamin
A — 3.8 times (p < 0.0001). These changes in the
erythrocyte/plasma coefficients for vitamins E and
A were regarded by us as a manifestation of hyper-
polarization of erythrocyte membranes in cancer
patients diagnosed with CC. According to the litera-
ture, a recorded increase in the erythrocyte/plasma
coefficients for vitamins A and E was described in

patients with CC during chemotherapeutic exposure
with no obvious clinical effect, which indicated the
destabilization of erythrocyte membranes in this
category of oncogynecological patients compared
with a pronounced antitumor effect in patients with
CC [26].

CONCLUSION

As a result of the study, it was found that in pa-
tients with CC at the initial stages of the disease,
significant changes were detected in the intensity of
the processes of LPO and in the antioxidant system.
We found a significant increase in the level of MDA
and diene conjugates, a decrease in the activity of
SOD and catalase, at the same time, increased initial
activity of GPO, as well as low levels of vitamin E
and A. Undoubtedly, these results complement the
understanding of the processes occurring in the body
of an oncological patient at the initial stage of tumor
formation, which does not yet have an obvious clini-
cal manifestation. After total removal of the ovaries,
most of the indicators characterizing the enzymatic
link of the antioxidant system tend to normalize, while
the violation of the content of vitamins E and A (relat-
ed to the non-enzymatic link of the antioxidant sys-
tem) worsens. Desynchronization of the processes of
free radical oxidation with multidirectional changes
in the processes of oxidation and antioxidation in
patients with early-stage CC at the stage of radical
surgical treatment should be considered from the
perspective of hormone-reducing surgery and the
associated complex of changes in the organs and
systems of women.
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ABSTRACT

Purpose of the study. In this work, we have investigated the mechanism of structure formation of GdF,:Tb*(15 %) nanocrystals
synthesized by solvothermal synthesis in the temperature range from RT to 200 °C with a step of 50 °C.

Materials and methods. Nanocrystals of GdF,:Tb**(15 %) were synthesized by the solvothermal method using a high-pressure
reactor (autoclave) designed for temperatures up to 250 °C. The structure, size and morphology were determined by transmis-
sion electron microscopy (TEM), the type of crystal lattice and the size of crystallites of nanoparticles were studied by X-ray
diffraction (XRD), hydrodynamic size of nanoparticles, particle size distribution, {-potential, agglomeration of nanoparticles in
colloidal solutions were determined by dynamic light scattering (DLS), the chemical composition of the nanocrystals surface
was studied by Fourier-transform infra-red spectroscopy (FT-IR), the nanoparticles ability to absorb UV radiation was analyzed
by UV-visible spectroscopy (UV-vis) and X-ray excited optical luminescence (XEOL).

Results. With an increase in the temperature of the synthesis reaction, a structural change in the crystallites phase occurs from
hexagonal to orthorhombic. At low temperatures, agglomerated particles consisting of hexagonal nanocrystals are formed,
while at a temperature higher than the boiling point of the solvent, monodisperse rhombic-shaped nanoparticles with orthor-
hombic phase are formed. At mild temperatures, agglomerated particles with different morphology and with mixed hexagonal
and orthorhombic phases are formed. Based on the analysis of X-ray spectrum, it was found that the size of GdF_:Tb*(15 %)
nanocrystals varies from 10 to 50 nm for different synthesis temperature conditions (T = RT, 50 °C, 100 °C, 150 °C, 200 °C).
The hydrodynamic size of nanoparticles decreases with increasing synthesis temperature. All GdF,:Tb**(15 %) nanocrystals
obtained at different temperatures are transparent to visible light and absorb UV radiation. Absorption in the UV region increases
with an increase in the size of particle crystallites. Upon X-ray irradiation of the colloidal GdF,:Tb*(15 %) solution, X-ray excited
optical luminescence spectra showed emission peaks at 490 nm, 543 nm, 585 nm and 620 nm.

Conclusion. The mechanism of structure formation of rhombic-shaped GdF,:Tb**(15 %) nanocrystals has been investigated.
These monodisperse rhombic-shaped nanoparticles can be used for X-ray induced photodynamic therapy (X-PDT) of super-
ficial, solid and deep-seated tumors.
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3.1.6. OHKonorus, nyyesas Tepanus

OPUT'MHAJIbHAA CTATbA

COJTbBOTEPMA/NbHbIV CUHTE3 HAHOYACTHL GDF,:TB* POMBUYECKOM GOPMbI
ANS BUOMEANLIMHCKUX MPUMEHEHUN

E. A. Kyuma®™, 0. E. MonoxeHues, WU. A. MankuH, A. H. bynrakos, 1. A Pygb, A. B. Conpgartos

MexgyHapogHblii uccnefoBaTenbCKNil UHCTUTYT MHTENEKTyaNbHbIX MaTepuanoB lOxHoro dhefgepanbHOro yHuBepcuTeTa, r. PoctoB-Ha-[loHy,
Poccuiickas ®egepauus
B ekuchma@sfedu.ru

PE3IOME

Llenb nccneposanus. MiccnefosaTh MexaHnam hopmupoBaHna HaHokpucTannos GdF,:Tb**(15 %), nonyyeHHbIXx MeTofoM
CO/IbBOTEPMUYECKOrO CUHTE3a B MHTEpBane TeMmnepaTtyp OT KOMHaTHoM TemnepaTypbl fo 200 °C ¢ warom 50 °C.
Matepuanbi u meTogbl. HaHokpucTannbl GdF,: Tb*(15 %) 6611 CUHTE3NPOBAHbI CONbBOTEPMAsbHBIM METOIOM C MOMOLLbIO
peakTopa BbICOKOrO faB/ieHuUs (aBTOKJIaB) pacCUMTaHHOro Ha Temnepatypy fo 250 °C. CTpyKTypy, pasmep u mopdonoruto
HaHoYacTWL UccneoBanv MeToA0M NPOCBEYMBatOLLEeN 31eKTPOHHOM MUKpockonuu (M3M), TUR KpUCTanIMYecKow peLleTku
¥ pas3mep KpUCTa/IMTOB HAHOYACTUL, ONPEeAENsiiu METOAOM PEHTIEHOBCKO Andpakumm (POA), ruapoguHaMmuyeckuin pasmep
HaHoYacTwWL, rpaHyIOMeTPUYECKMIA COCTaB, {-NMOTeHLMan, arnoMepaLuio HaHOYaCTUL, B KOJIJIOMAHBIX PacTBOpPax onpeaensnm
METOLOM AMHaMMYecKoro paccesHus ceeTa ([PC), XMMUYeCKuit cocTaB NOBEPXHOCTU HAHOKPUCTaJIOB U3y4Yanu METOAOM
UHdpakpacHoii cnekTpockonuu (UK-crnekTpockonus), CNoCO6HOCTb HAHOYACTML, norowats Y®O-usnyyeHue aHanmavnposasm
MEeTOA0M CNEKTPOCKOMNWUM B BUAMMOW 1 YP-06nacTsix CnekTpa v peHTreHOBCKON ONTUYECKON NIOMUHECLIEHLINN.
Pesynbtatbl. C noBbiLlLeHneM TemnepaTypbl peakLmmn CUHTe3a NPOUCXOAMT CTPYKTYPHOE N3MeHeHwe hasbl KpUCTaNnToB C rek-
caroHasibHOW Ha OpTOPOMGUYECKYHO. NP HU3KMX TeMMepaTypax CoNbBOTEPManbHOIO CUHTE3a 06PasyOTCA arfloMepUpOBaHHbIe
YacTuLbl, COCTOSALLME U3 FreKcaroHasibHbIX HAaHOKPUCTaI0B, MPY TeMMnepaType Bbille TeMMepaTypbl KUMEHNA pacTBOpUTENS —
MOHOAMCMNEPCHbIE HAHOYACTULbI pPOM6UYecKo popMbl ¢ opTopoMbUuYeckoit hasoit. MNpu yMepeHHbIX TemrepaTypax o6pasy-
OTCS arfioMepupoBaHHble YacTULbl PasMyHON MOPHONOrMM CO CMELLAHHOW reKcaroHasibHoM M opTopoM6uyeckon hasamu.
Ha ocHOBaHWW aHanM3a PeHTreHOBCKNX CNEKTPOB YCTAHOBIEHO, YTO pa3Mep HaHokpucTannos GdF_:Tb*(15 %) MeHsieTcs ana
pasHbIX TeMMepaTypHbIX ycnoBuit cuHTesa (T = KT, 50 °C, 100 °C, 150 °C, 200 °C) ot 10 fo 50 HM. TMapoAaNHaMMYecKmii pasmep
HaHOYaCTUL| YMeHbLLIAETCA NPY YBENUYEHNM TeMnepaTypbl CUHTe3bl. Bce HaHokpucTanbl GdF,:Tb*(15 %) nonyyeHHble npu pas-
HbIX TemMnepaTypax Npo3payHbl A4S BUAUMOro CBeTa U nornoLatoT YO-nusnyyerue. MNornoweHne B YO o6nactu ysenuymaetcs
npu yBeNMYeHUM paaMmepa KpUCTananToB Yactul,. CneKTpbl ONTUYECKON JIFOMUHECLEHLIMM C BO36YXAEHMEM PEHTFEHOBCKUM
nsnydyenmem (XEOL) nokasanu nuku nsnyyeHus B BUAUMOM AManasoHe Ha AnuHax BoaH 490 HM, 543 HM, 585 HM 1 620 HM.
3akniouenne. ViccnenosaH MexaHnsm hopmmposaHus HaHokpucTannose GdF,: Th3*(15 %) pom6uyeckoit popmbl. MoHoguc-
nepcHble HaHoyacTuubl GAF3: Th3+(15 %) poM60BUAHOM HOPMbI MOTYT HaTU MPUMeEHEeHWe A1 PeHTreHOMHAYLIMPOBAHHOM
tboTognHamuyeckon Tepanuu (OT) NOBEPXHOCTHbIX, @ TakKXXe 06bEMHBIX U FyGOKONEXaLLMX ONyXoe.
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LMHCKOoe npumMeHeHue, ®T, PeHTreHoBCcKas ®AT

[na yutuposanus: Kyuma E. A, Monoxenues 0. E., MankuH U. A., bynrakos A. H., Pygb . A., CongaToB A. B. ConbBoTepManbHblil CUHTES
HaHouacTuy GdF,:Th** pom6uyeckoii hopmbl Ans GUOMEAULIMHCKNX NPUMEHeHMUIA. 0XHO-Poccuiickunii oHKonormyeckuii ypHan. 2023; 4(2): 39-46.
https://doi.org/1 5.37748/2686-9039-2023-4—2-4, https://elibrary.ru/dztmno

[Ons koppecnongeHuun: Kyuma Enena AnekcanfpoBHa — uHxeHep, MexayHapoaHblil UcCnefoBaTeNbCKUi MUHCTUTYT MHTENNEKTYa bHbIX
maTtepuanos lOxHoro gesepanbHoro yHuBepeuTeTa, r. PoctoB-Ha-[loHy, Poccuiickas Gefepauus.

Appec: 344006, Poccuiickas ®epepauus, r. Poctos-Ha-[lony, yn. bonbwas Cagosas, f. 105/42

E-mail: ekuchma@sfedu.ru

ORCID: https://orcid.org/0000-0002-9440-4860

ResearcherID: U-5776-2019

Scopus Author ID: 57195548598

OunaHcupoBaHue: Poccuiickuii GoHA hyHAameHTanbHbix uccnegoBanuii (POOU), HUP N 20-315-90030. Poccuiickuit HayuHblii GOHA,
rpanT N2 19-15-00305.

KOH(MMKT MHTEpECOB: BCe aBTOPbI 3aSBASIOT 06 OTCYTCTBUM SIBHbIX U NOTEHLMANbHbBIX KOHPAUKTOB MHTEPECOB, CBA3AHHbIX C MyGANKaLuei
HacTosLLEeN CTaTbM.

BnarogapHocTu: E. A. Kyuma u A. B. Congatos 6narogapst Poccuiickuii oHa dyHAaMeHTanbHbIx uccnefosanuit (POOU), HUP N2 20-315-90030 3a
(GuHaHCoBYO NoaaepxKy (cuHTe3 HaHomaTepuanos). 0. E. MonoxeHues, U. A. MaHkuH, A. B. ConfaToB BbipaxatoT 61arogapHocTb Poccuitckomy
HayyHoMy hoHay, rpaHT N2 19-15-00305 3a GuUHaHCOBYIO NOAAEPXKKY (MCCNeAOBaHMe HAaHOMATEPNaNoB, aHaNN3 U MHTEPNPETaLMUA AaHHbIX).

CraTbs nocTynuna B pegakumio 26.10.2022; opobpeHa nocne peleHsupoBanus 16.04.2023; npuHsta k nyénukauun 05.06.2023.

40



l0xHo-Poccuitckuii onkonornyeckuii xypHan 2023. T. 4, N2 2. C. 39-46

Kyuma E. A=, MonoxeHues O. E., MankuH U. A., Bynrakos A. H., Pyab M. A., ConpatoB A. B. /
ConbBoTepManbHblii cuHTes HaHoyacTuy GdF,.Th* pom6nyeckoit GopMbl AN 6MOMEANLIMHCKIX MPUMEHEHMIA

BACKGROUND

Currently, photodynamic therapy (PDT) [1] and
X-ray-induced PDT are modern therapeutic methods
for the treatment of superficial, as well as volumetric
and deep-lying tumors [2; 3]. A key role in the thera-
peutic effect of PDT is played by a photosensitizer,
which selectively accumulates in the tumor tissue
and, when irradiated with visible or near-infrared ra-
diation of a certain wavelength, generates the forma-
tion of reactive oxygen species (ROS), which, in turn,
kill cancer cells. For the X-ray-induced PDT (R-PDT)
method, it is necessary to use scintillation nanopar-
ticles that will effectively convert X-ray radiation into
visible or near-infrared light with a certain wavelength
to excite a photosensitizer [4; 5].

Gadolinium (IIl) fluoride is a multifunctional mate-
rial with effective luminescence, excellent magnetic
properties and low phonon energy, high chemical and
thermal stability. Gadolinium fluoride nanoparticles
doped with rare earth elements (Tb, Eu, etc.) can be
used as effective converters for the R-PDT method
and effectively convert X-rays into visible light with
a certain wavelength. The large atomic number of
gadolinium makes it possible to effectively absorb
X-rays, so gadolinium fluoride nanoparticles can be
used as a contrast agent for CT imaging. In addition,
GdF, nanoparticles can be used in MRI due to their
paramagnetic properties. When irradiated with both
UV radiation and X-rays, GdF, nanoparticles doped
with Tb3* have strong green emission with a maxi-
mum at 545 nm and less intense satellite peaks at
~490, 585 and 620 nm due to electronic transitions
from the excited state of °D, to ’F, (J = 6—3) of the
ground states of the Th®* ion [6].

Gadolinium trifluoride nanoparticles were obtained
by several synthesis methods, including co-depo-
sition [7], hydrothermal synthesis [6], solvothermal
synthesis [8], microwave synthesis [10]. For example,
Zhang et al. synthesized GdF,:Eu*" nanoluminophores
with a hexagonal or orthorhombic structure at room
temperature using the chemical co-deposition meth-
od [7]. The structure and morphology of GdF :Eu®*
nanoluminophores were controlled using various
fluorine precursors. Hexagonal GdF :Eu®*" nanocrys-
tals were formed using NaBF, as a fluoride precursor,
whereas orthorhombic GdF_:Eu®* nanocrystals were
obtained using a NaF or NH4F fluoride precursor. It
has also been experimentally established that hex-

agonal GdF:Eu** nanoluminophores emit significant-
ly stronger Eu3+ luminescence than orthorhombic
ones. Samantha et al. A simple microwave method
was reported for the synthesis of stable Eu®*-doped
GdF, nanocrystals with a hexagonal phase functional-
ized with polyvinylpyrrolidone at higher temperatures
(up to 220 °C), achieved by adjusting the viscosity
of solvents, as well as using KF as a source of flu-
orine [8]. Both the morphology and the size of GdF,
nanocrystals can also be varied by adjusting the re-
action conditions. Wang et al. various monodisperse
colloidal nanocrystals GdF3: Yb, Er with increased
frequency with different shapes, sizes and alloying
impurities were synthesized using microwave synthe-
sis [10]. In addition to highly monodisperse spheri-
cal particles, they prepared monodisperse slices of
rhombic shape, showing a tendency to self-assemble
into stacks. Sui et al. [9] reported the behavior of the
orthorhombic REF, phase at high pressure (RE = Sm
to Lu and Y). Pressure-induced GdF, phase transitions
were studied at room temperature. It is established
that the pressure range of the phase transition from
the orthorhombic to the hexagonal phase is 5.5-9.3
GPa for GdF3.

In this paper, the mechanism of formation of
GdF,:Tb*(15 %) nanocrystals synthesized by sol-
vothermic synthesis in the temperature range from
room temperature to 200 °C. The physicochemical
properties were studied by transmission electron
microscopy (TEM), X-ray diffraction (XRD), dynamic
light scattering (DRS), infrared spectroscopy, spec-
troscopy in the visible and UV spectral regions and
X-ray optical luminescence.

MATERIALS AND METHODS

Gadolinium nitrate hexahydrate Gd (NO,),6H,0
(99.9 %) and terbium chloride hexahydrate TbCl.-6H,0
(99.9 %), ammonium fluoride NH,F (98 %) were pur-
chased from Alfa Aesar (Haverhill, Massachusetts,
USA). Ethylene glycol was purchased from Sigma-
Aldrich (Burlington, Massachusetts, USA). All chem-
icals were used without additional purification.

The physicochemical characteristics of
GdF,:Tb*(15 %) nanocrystals (T = RT, 50 °C, 100 °C,
150 °C, 200 °C) were determined by the following
experimental methods. The size, shape and morphol-
ogy were studied using TEM on a Tecnai G2 Spirit
BioTWIN device (FEI, USA). The type of crystal lattice
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and the average size of nanoparticle crystallites were
determined by XRD on a D2 PHASER diffractometer
(Bruker Corp., Germany). The hydrodynamic size of
nanoparticles, granulometric composition, -poten-
tial, and agglomeration of nanoparticles in colloidal
solutions were determined by DRS on a NANO-Flex
particle size analyzer (MicroTrac GmbH, Germany)
and STABINO (ParticleMetrix, USA). The quantitative
and qualitative chemical composition and concen-
tration of alloying elements were evaluated using
a two-dimensional microrentgenofluorescence (XFA)
spectrometer M4 Tornado (Bruker Corp., Germany).
The surface chemistry was studied using infrared
Fourier spectroscopy (FTIR) on a Vertex 70 spec-
trometer (Bruker Corp., Germany). Emission spec-
tra (XEOL) of nanomaterial powders and colloidal
aqueous solutions were studied using a RAP-90U
X-ray tube with a protective casing and a Shimadzu
UV-2600 dual-beam spectrophotometer (Shimadzu,
Japan).

GdF,:Tb* nanocrystals synthesis

GdF,:Tb3 nanocrystals (15 %) were obtained
by the solvothermal synthesis method. To obtain
160-200 mg of GdF,:Tb% nanocrystal powder
(15 %), it is necessary to: dissolve 0.85 mmol
Gd (NO,),H,0 (m = 0.384 g) and 0.15 mmol Tb-
CI3:C2:6H20 (m = 0.056 g) in 10 ml of ethylene
glycol (EG) in a beaker at room temperature. For
better dissolution of chemical reagents, ultrasonic
dispersants can be used. After mechanical stirring
for about 1 hour, add 3 mmol NH4F (m =0.1111
g), previously dissolved in 10 ml of ethylene gly-
col (EG), drop by drop. During the reaction, the
previously transparent solution becomes cloudy
and white due to the deposition of doped gado-
linium fluoride. Further, the resulting solution was
subjected to heat treatment in a Teflon autoclave
in the temperature range from RT to 200 °C with
intensive stirring for 24 hours. The final product
was washed three times with distilled water using
centrifugation. After the last centrifugation, the
white nanocrystals were dried in a drying cabinet
at 60 °C. The obtained nanocrystals were denoted
respectively GdF, GdF:Tb* (15 %) (T = RT, 50 °C,
100 °C, 150 °C, 200 °C). Colloidal aqueous solu-
tions of GdF,:Th®* nanocrystals were prepared by
dispersing nanocrystals in bidistilled water using
an ultrasonic disperser.
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RESEARCH RESULTS AND DISCUSSION

We have studied the mechanism of formation of
GdF:Tb* (15 %) nanocrystals (T = RT, 50 °C, 100 °C,
150 °C, 200 °C) obtained by the solvothermal syn-
thesis method in the temperature range fromRT to
200 °C in increments of 50 °C. The solvothermal
method is a chemical reaction occurring in a sol-
vent at a temperature above the boiling point of the
solvent (usually < 250 °C) in a sealed reactor. Eth-
ylene glycol with a boiling point of 197 °C was used
as a solvent. By varying the synthesis parameters:
temperature and reaction time, this method makes
it possible to obtain nanocrystals with size control,
morphology and a high level of crystallinity.

Figure T1a shows diffractograms in the range of
22°-32° degrees of nanocrystals obtained during
synthesis at various reaction temperatures (T = RT,
50 °C, 100 °C, 150 °C, 200 °C) for 24 hours. It is es-
tablished that with an increase in the temperature of
the synthesis reaction, the structure of nanocrystals
undergoes a structural change from the hexagonal to
the orthorhombic phase. At a synthesis temperature
of 50 °C, a purely hexagonal structure is observed,
and at a temperature of 200 °C a pure orthorhombic
structure with no secondary phases is already ob-
served. At moderate temperatures, a mixed phase
of hexagonal and orthorhombic phases is observed.
Figure 1b shows diffractograms of nanocrystals of
hexagonal and orthorhombic phases. The position
of the peaks and their intensity correspond exactly
to the diffractograms of orthorhombic GdF, (ICSD
chart 00-012-0788) and hexagonal SmF3 (ICDS chart
PDF No. 01-072-01439). No additional peaks of any
secondary phases were detected.

Based on the Scherrer equation, reflex broadening
was used to estimate the average size of crystal-
lites. The average size of crystallites in GdF:Tb3*
nanocrystals (15 %) varies from 10 nm to 50 nm for
different synthesis reaction temperatures: from room
temperature (RT), 50 °C, 100 °C, 150 °C, 200 °C. X-ray
fluorescence analysis (XFA) confirmed the chemi-
cal composition of Th/Gd (15 %) for all synthesized
nanocrystals, which indicates good solubility of rare
earth element salts in the process of solvothermal
synthesis. According to the data of dynamic light
scattering in colloidal solutions of nanocrystals,
the hydrodynamic radius of nanoparticles gradually
decreases from 220 + 200 nm for RT, 174 + 90 nm
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Fig. 1. a) GdF,:Tb* diffractograms of nanocrystals (15 %) (T = RT, 50 °C, 100 °C, 150 °C, 200 °C); b) GdF:Tb* diffractograms (15 %)
(T = 50 °C) of hexagonal phase and GdF,:Tb* (15 %) (T = 200 °C) orthorhombic phase.

Fig. 2. a) GdF,:Tb* nanocrystals TEM-imaging (15 %) (RT); b) hexagonal phase GdF,.Tb** nanocrystals TEM-imaging (15 %) (50°C);
c) GdF,:Tb* nanocrystals TEM-imaging (15 %) (100°C); d) GdF,:Tb** rhombic shape with orthorhombic phase nanocrystals TEM-imaging
(15 %) (150°C).
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for 50 °C, 150 + 116 nm for 100 °C, 57 + 39 nm for
150 °C, to 48 + 32 nm for 200 °C. The decrease in the
hydrodynamic radius is associated with the recrys-
tallization of nanocrystallites during heat treatment
during synthesis and the reduction of the interparticle
space in agglomerated particles.

Figure 2 shows TEM images of nanocrystals ob-
tained at various synthesis temperatures (RT 50 °C,
100 °C, 150 °C). Figure 2a shows agglomerated par-
ticles of various morphologies synthesized at room
temperature (RT) with an average size of 150-180
nm, consisting of small orthorhombic phase nanopar-
ticles up to 10 nm in size. There are also large ag-
glomerated particles consisting of hexagonal parti-
cles up to 50 nm in size, with well-defined faces and

1
1634
[ 1444
867
- 830

1412
b 1132
- 1082
750

77 1050
610

Absorption, rel. unit

KT

- T T T T T
1400 1200 1000 800 600
Wave number, cm’!

- T
1800 1600

——200°C, orthorhombic phase

[——100°C, hexagonal and orthorhombic phase
[——350°C, hexagonal phase

[—— CT, hexagonal phase

GdF, Tb(15%)

1 1
- 543 nm

Intensity, rel. unit

T
550 650

Wavelength, nm

450

good crystallinity. Figure 2b shows large agglom-
erated particles up to 500 nm in size in the form of
“flowers" consisting of hexagonal phase crystallites.
The crystallites have a hexagonal shape and a size of
30-50 nm. Figure 2b shows agglomerated nanopar-
ticles obtained at a reaction temperature of 100 °C
in the form of "flowers" and rhombic and spindle-
shaped particles. In these types of agglomerated
nanoparticles, regions with higher and lower densities
are noticeable. A higher temperature is required for
the formation of rhombic nanoparticles with good
crystallinity. The image also contains agglomerat-
ed nanoparticles up to 200 nm in size, rectangular
and spindle-shaped, consisting of small crystallites
up to 10 nm in size. Figure 2g shows nanoparticles
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Fig. 3. Absorption spectrum in a) IR range; b) in visible and UV regions; c) optical luminescence spectrum with XEOL of GdF,:Tb* (15 %)
nanocrystals (T = RT, 50°C, 100°C, 150°C, 200°C); d) comparison of the spectrum of XEOL nanoparticles PEG@GdF,.Tb*(15 %) excited by
X-ray irradiation (35 kV, 16 mA), and the absorption spectrum of the UV-visible photosensitizer bengal pink (BP).
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obtained at a reaction temperature of 200 °C in the
form of rhombic nanoparticles.

Figure 3a shows the absorption spectra in the IR
range of GdF,:Tb® nanocrystals (15 %) (T = RT 50 °C,
100 °C, 150 °C, 200 °C). Wide peaks in the region of
1600-1650 cm™ and 650-950 cm™ are associated
with bending and vibrational modes of adsorbed
water molecules on the surface of nanocrystals [5].
The valence and deformation vibrations C = O are
at 1665 and 1436 cm™. The band at 610 cm™ can be
attributed to vibrations of the gadolinium fluoride
lattice, which confirms the formation of gadolinium
fluoride nanocrystals. Peaks ~1412 and 1444 cm’
refer to methylene scissor and valence vibrations of
C-0-C EG. UV-visible spectra of GdF,:Tb* nanocrys-
tals (15 %) (T = RT, 50 °C, 100 °C, 150 °C, 200 °C) are
shown in Figure 3b. All the obtained nanocrystals are
transparent to visible light and absorb UV radiation.
The absorption in the UV region increases with the
increase in the size of the crystallites of the particles.
Figure 3b shows optical luminescence spectra with
XEOL of GdF_:Tb* nanocrystals (15 %) (T = RT, 50 °C,
100 °C, 150 °C, 200 °C). Fluorescence emission can
be excited by both UV light and X-ray radiation, which
gives the same typical Th® emission profile. Strong
green glow of scintillation nanocomposites PEG@
GdF,:Tb* (15 %) with a main peak at 545 nm and

three satellite peaks at 490, 585 and 620 nm is due
to electronic transitions from the excited state of
5D4 to the ground states of Th** F ions (J = 6-3).
Figure 3g shows a comparison of the spectrum of
XEOL nanoparticles PEG@GAF,:Tb* (15 %) excited
by X-ray radiation (35 kV, 16 mA), and the absorption
spectrum of the bengal pink photosensitizer (BP).

CONCLUSION

In this paper, the mechanism of formation of
GdF,:Tb®* (15 %) nanocrystals obtained by solvother-
mal synthesis in the temperature range from RT to
200 °C. At low temperatures, agglomerated particles
consisting of hexagonal nanocrystals are formed, and
at temperatures above the boiling point of the solvent,
monodisperse rhombic nanocrystals with an orthor-
hombic phase are formed. At moderate temperatures,
agglomerated particles of various morphologies
with mixed hexagonal and orthorhombic phases are
formed. Under X-ray irradiation of a GdF,:Tb** (15 %)
colloidal solution, optical luminescence spectra with
XEOL showed radiation peaks at 490 nm, 543 nm,
585 nm and 620 nm. Monodisperse nanocrystals of
rhombic shape can be used for X-ray induced pho-
todynamic therapy (X-PDT) of surface, volume and
deep-lying tumors.
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ABSTRACT

Purpose of the study. Testing the protocol of obtaining cell spheroids of breast cancer cell cultures for bioprinting by growing
in alginate drops.

Materials and methods. Cells of breast cancer cell lines BT-20 and MDA-MB-453 were cultured in DMEM medium supple-
mented with 10 % FBS. Next, the cells were removed from the plastic using a trypsin-Versene solution and resuspended in
a sterile 2 % alginate solution in DPBS to the concentration of 10° cells/ml. Then the alginate solution with the cells was
slowly dripped through a 30G needle into a sterile cooled solution of calcium chloride (100 mM) from a height of 10 cm.
After polymerization, alginate drops were washed in DMEM and cultured for two weeks in DMEM with the addition of 10 %
FBS at 37 °C and 5.0 % CO,.The spheroids formed in the alginate were photographed on the 3rd, 7th, 10th, and 14th days of
cultivation, after which they were removed from the alginate by keeping in 55 mM sodium citrate solution with the addition of
20mM ethylenediaminetetraacetic acid (EDTA) and embedded in paraffin blocks according to the standard method, followed
by histological examination.

Results. Cellular spheroids were formed in both cell cultures already on the 3rd day of cultivation. From the 3rd to the 10th
day in both cultures, a uniform growth of cell spheroids was observed with a gradual slowdown in the increase in the size
of spheroids by the 14th day of cultivation. On the 10th day the proportion of cells that formed clones (more than 500 ym?
in size) was 25.2 % = 7.1 % (n = 25) in the BT-20 culture and 38.5 % + 9.9 % (n = 25) in MDA-MB-453 culture. On the 14th day,
BT-20 culture was characterized by spheroids varying little in size and shape, with an average area of 1652 + 175 pm?, having
a dense structure with smooth edges. The spheroids in MDA-MB-453 culture turned out to be more loose and easily deformed,
their size and shape varied noticeably, the average area of the spheroids was 2785 + 345 pm?2.

Conclusion. The production of spheroids in alginate drops is inferior in speed to the methods of forming cell conglomerates
in hanging drops or on microwells, but it surpasses these methods in productivity, which is comparable to the production of
spheroids by constant medium stirring on low-adhesive substrates. In addition, the clonal nature of the obtained spheroids
leads to an increase in research costs and thus limits their scalability.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

KYIbTUBUPOBAHME KJTETOK B A/TbTUHATHBIX KATUIAX, KAK
BbICOKOMPOU3BOAUTENbHBIU METO/L MONYYEHUA KNETOYHbIX COEPOU/OB

AJ19 BUONEYATH

C. 10. dununnoea, T. B. Yembapoea™, C. B. Tumodeera, . B. MexeBoea, H. B. lHeHHas,
U. A. HoeukoBa, T. 0. JlanteBa

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

PE3IOME

Lienb uccnepoBaHus. TeCTMpoBaHWE NMPOTOKOIA MOMYYEHWs KIIETOUHbIX CheponaoB KynbTyp paka MosiouHom xenesbl (PMXK)
AN 6uoneyaTv NyTéM HapallMBaHNA B afibrMHATHbIX Kannsix.

Matepuanbl u metoabl. Knetku kynsTyp BT-20 1 MDA-MB-453 kynsTuBmpoBanu B cpege DMEM ¢ go6asneHvem 10 % FBS.
[anee kneTkn cHUManu ¢ NnacTuka Npyu NOMOLLM pacTBopa TpPUNCcUH-BepceHa n pecycneHamMposanu B CTEPUSIbHOM 2 %
pacTBope anbruHara, npurotoBrieHHoM Ha DPBS, go koHueHTpauuu 10° kn/Mn. PacTBop anbruHarta ¢ Knetkamu uccnegye-
MbIX KynbTyp PMXX MegneHHo Kananu Yepes urny 30G B CTEpUIIbHbBIN OXaXXAeHHbI pacTBop xnopvaa Kanbuus (100 MM)
¢ BbicoTbl 10 cm. lNocne nonmmepusaLlmmn anbruHaTHble Kanam oTMbiBanu B cpeae DMEM u kKynbTuBupoBanu B TeyeHue
nByx Hefenb B cpeae DMEM c po6asnennem 10 % FBS npu 37 °C n 5,0 % CO,. O6pasytolmecs B anbriHate cheponabl hpoTo-
rpacdupoBanu Ha 3-, 7-, 10- u 14-e CyTKU KyNbTUBUPOBAHUS, MOCIIE YEro UX U3BNIEKANM U3 aflbrMHaTa NyTEM BblAepXKMBaHNSA
B 55MM pacTBope unTpaTa HaTpusa ¢ gobasneHmemM 20MM aTuneHANAMUHTETPAYKCYyCHOM KucnoTbl (3ATA) u 3aknoyanm
B napabuHoBble 610KN N0 CTaHAAPTHOW METOAMKE C NOCNeAYHOLWMM FMCTONIOMMYECKUM UCCE[0BaHNUEM.

Pesynbratbl. KnetouHble cdheponipl-kKioHbl 06pa3oBbIBaMCh B 06eux KyNbTypax yXe Ha 3 CyTKu KynbTuBupoBaHus. C 3 no
10-e cyTku B 06enx KyNnbTypax Habnohancs paBHOMEPHbIN POCT KNETOUYHbIX CHEPOMAO0B C NOCTENEHHbIM 3aMefJIeHUEM
yBENUYEeHNs paamepoB cheponsios K 14-My AHIO KyNbTUBUPOBaHUS. [lons KNeTok, 06pa3oBaBLUMX KNOHbI (pasaMepom
6onee 500 Mkm?), Ha 10-e cyTku coctaBuna 252 % + 7,1 % (n = 25) B kynbType BT-20 1 38,5 % + 9,9 % (n = 25) B KynbType
MDA-MB-453. Ha 14-e cyTku ana BT-20 6b111 xapakTepHbl chepoufibl, Mano BapbupytoLiue no pa3mMepy u hopme, cpegHen
niowagpto 1652 + 175 MKM?, o6nagatoLne NAoTHOM CTPYKTYPOW ¢ POBHbIMU KpasiMu. Ccheponbl U3 KNeToK KynbTypbl
MDA-MB-453 okasanucb 6onee pbixabiMu U Nerko aehopmMupyownMmncs, ux pasamepbl 1 Gopma 3aMeTHO BapbMpoBany,
cpeaHas nnowaab cheponor coctaBuna 2785 + 345 Mkm2.

3aknioyenue. [MonyyeHne cheponaos B anbrMHaTHbIX Kanmsx yCTynaeT No CKOPOCTU MeToAam GopMUPOBaHMS KIIETOYHBIX
KOHIIOMepaToB B BUCAYMX Kamnasax UM Ha MUKpOsiYenKax, OfHaKo NpeBOCXOANUT 3TN METOAbI MO MPOU3BOAUTENIbHOCTH, KO-
Topasi cpaBHMMa C nonyyeHnem cheponoB Ha HU3KOAAre3MBHbIX MOASIOXKKAX NYTEM NMOCTOSIHHOrO NepeMeLLIMBaHNA Cpefbl.
Kpome Toro, knoHanbHasi npMpoAa nonyyaemMbix cheponoB NPUBOANT K yBEIMYEHMIO TPaT Ha NPOBefeHNe UccnefoBaHuii
1 OrpaHMuYmnBaEeT, TEM CaMbIM, UX MacLLUTabupyeMocCTb.

KntoueBble cnoBa: TpEXxMepHas KJIeToYHas KyJbTypa, KNeTouHbli chepouna, anbrHat, 6uoneyatb
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KynbTMBMpOBaHUE KJIETOK B a/ibIMHATHBIX KanJisxX, Kak BbICOKONPOM3BOAUTENbHbIN METOJ, NOYYeHUs KETOUYHbIX CHeponsoB Anis Guoneyatu.
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BACKGROUND

Breast cancer (breast cancer) remains an urgent
problem of modern healthcare [1; 2]. In the structure
of the incidence of malignant neoplasms of the fe-
male population in Russia, breast cancer occupies
the first place [3; 4], its incidence in 2021 accounted
for 22.1 % of new cases, and the average annual
rate of increase in morbidity from 2011 to 2021 was
1.72 %. In terms of mortality, this pathology also
ranks first among malignant diseases in women -
breast cancer accounted for 15.8 % of all cancer
deaths in 2021 [5]. The reduction of mortality de-
pends on the development and introduction of new
drugs and approaches to the treatment of tumors.
Despite the progress in the discovery of new anti-
tumor agents, only a small part of the substances
that have demonstrated effectiveness in preclini-
cal studies on cell cultures and animal models are
successfully undergoing clinical trials. Scientists
agree that the main reason for this state of affairs
is the discrepancy between the biological character-
istics of monolayer cell cultures and tumors grown
in animal models and the characteristics of human
tumors [6]. In particular, it is known that the culti-
vation of cancer cells in two-dimensional cultures
leads to a change in their phenotype and loss of
expression of molecules of key signaling pathways,
which these cells demonstrate in vivo in the body of
patients [7]. In this regard, it is urgent to create new
models of tumor growth that would combine the
mass and reproducibility characteristic of in vitro
cell cultures and the complexity demonstrated by
animal models. One of the promising directions of
the search is to recreate the three-dimensional mi-
croenvironment of the tumor in vitro by combining
various components using bioprinting methods [8].
Researchers use various materials and approaches
to the construction of such models, but in gener-
al they are malignant cells and microenvironment
cells enclosed in biogels of different chemical na-
ture and origin. In this case, most often the cells are
located in the thickness of the biochernils singly,
at a distance significantly exceeding that observed
in situ [8]. Such a structure of the model obviously
does not allow to fully reflect the biological features
of the tumor, so attempts are being made to intro-
duce cellular spheroids into bioprinted designs — the
simplest models of tumor nodes that have proven

themselves well in the practice of preclinical stud-
ies [9]. As a rule, cell spheroids for bioprinting are
obtained by methods of mechanical agglomeration
of cells by suspending a cell suspension in droplets,
using small-cell plates or special matrices, culturing
on a low-adhesive substrate with constant mixing of
the medium, as well as by directly imprinting a biogel
with a high concentration of cells into the matrix
model [10]. One of the least common approaches
to obtaining cellular spheroids for bioprinting is their
cultivation from single progenitor cells. However,
spheroids obtained in this way, in our opinion, are
more adequate models of micrometastases or early
stages of tumor node formation than mechanical
cell conglomerates, since each cellular spheroid in
this case is a clone of one cell. In addition, the tumor
model assembled from individual clones is more
consistent with the structure observed in a hetero-
geneous tumor in situ. As a rule, spheroids-clones
are obtained by culturing tumor cells in a biogel that
does not support cell adhesion. The most popular
biogel for producing spheroids is soft agar or aga-
rose gels, which are traditionally used by researchers
to estimate the number of tumor stem cells (TSC) in
culture [11]. However, to obtain spheroids suitable
for bioprinting, this method is not applicable, since
the extraction of cells from agarose gel is associated
with heating and mechanical action, which reduces
their viability. We suggested that encapsulation of
cells in alginate droplets could be considered as
a promising method for obtaining spheroids for bi-
oprinting. Previously, this approach was tested by
us to study the properties of stemness in adhesive
cell lines of colorectal cancer [12]. Alginate gel, like
agarose, does not support adhesion, but its advan-
tage is the ability to rapidly depolymerize under the
action of agents chelating calcium ions, which allows
you to quickly extract the resulting spheroids under
physiological conditions and then use them in bio-
printing. Analysis of the literature data has shown
that the approach based on the build-up of spheroids
in alginate, followed by purification and conclusion of
biogel, has not yet been applied by anyone. In some
studies, bioprinting of a tumor model with single
cells in an alginate-gelatin biogel is found, followed
by the formation of spheroids-clones directly in the
resulting structure [13]. In contrast to our proposed
approach, this method of including spheroids in the
model does not make it possible to widely vary the
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composition of biochernils, and also does not allow
for precise adjustment of the composition and loca-
tion of other elements of the model.

The purpose of the study: development and test-
ing of a protocol for obtaining spheroids of breast
cancer cultures for bioprinting by building up in an
alginate gel.

MATERIALS AND METHODS

BC cell cultures BT-20 and MDA-MB-453 served
as the material for the study. The cells were cultured
in DMEM (Gibco) medium with the addition of 10 %
FBS (Hyclone). When the monolayer of cells reached
70 % confluence, they were removed from the plastic
using a trypsin-Versene solution (1:1; Biolot, Russia).
Next, the cells were resuspended in a sterile 2 % algi-
nate solution (Sigma) prepared on DPBS (Biolot) to
a concentration of 10° cells/ ml. The alginate solution
with the cells of the studied breast cancer cultures
was slowly dripped through a 30G needle into a ster-
ile cooled calcium chloride solution (100 mM) from
a height of 10 cm. Upon contact with a solution of
calcium chloride, alginate droplets were instantly
cured and beads with a diameter of 2.5-3 mm were
formed (Fig. 1). The obtained beads were kept for
additional polymerization in a solution of calcium
chloride for another 5 minutes and washed once
with a cooled DMEM medium, after which they were

1. Extrusion of alginate
solution with cells into
CaCl, solution

DMEM

2. Washing alginate
beads with cells in

placed in a cultivation medium consisting of DMEM
with the addition of 10 % FBS. Next, alginate beads
with breast cancer culture cells enclosed in them
were cultivated for 14 days with medium replacement
every three days. Spheroids formed in alginate were
photographed on the 3rd, 7th, 10th and 14th days of
cultivation. In the obtained images, the size of the
spheroids was determined using the ImagedJ pack-
age. Statistical processing of the results was carried
out using MS Excel software.

On the 14th day of cultivation, alginate was dis-
solved by holding beads in a 55mM sodium citrate
solution with the addition of 20mM ethylenedi-
aminetetraacetic acid (EDTA) for 3 minutes at room
temperature. The isolated spheroids were washed
twice in a culture medium and placed in a 5 % aga-
rose gel, which, after curing, was enclosed in a paraffin
block according to a standard procedure. The histolog-
ical structure of the obtained cellular spheroids was
studied on sections stained with hematoxylin-eosin.

RESEARCH RESULTS AND DISCUSSION

Both cell cultures in alginate drops showed growth
already on the third day of cultivation. At the same
time, the BT-20 culture formed approximately the
same rounded spheroids in size, while the cells of the
MDA-MB-453 culture formed spheroids of different
shapes and sizes (Fig. 2a, b). The difference in the

3. Cultivation in a
DMEM with the
addition of 10 % FBS

Fig. 1. Schematic representation of the protocol for obtaining cellular spheroids in alginate droplets.
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growth pattern of spheroids remained on the 10th
day of cultivation (Fig. 2b, d).

Variability in the size and shape of spheroids can
be a negative phenomenon for those bioprinting
applications in which measurement of the size of
spheroids in the composition of the resulting contruct
is required in response to various influences. As, for
example, it is required in the case of bioprinting a tu-
mor growth model. If compared with other methods
of spheroid formation, the proposed method is infe-
rior in this indicator to methods of direct imprinting
of a thick suspension of cells into the matrix model
and methods of controlled agglomeration of cells in
hanging droplets or microlunks, but comparable to
free-floating spheroids-conglomerates on low-adhe-
sive substrates [4]. To overcome this disadvantage,
it is possible to propose the use of various methods
of separation (filtration, centrifugation) of spheroids-
clones in size before printing or the use of automatic
microscopes with precise positioning of the slide
table for the analysis of the resulting models, which

will allow taking into account the behavior of each
spheroid separately.

From the 3rd to the 10th day of cultivation, uniform
growth of cellular spheroids was observed in both
cultures with a gradual slowdown in the increase in
the size of spheroids by the 14th day of cultivation.
At the same time, on average, the size of the MDA-
MB-453 spheroids was larger than that of BT-20 (Fig.
3). For BT-20, spheroids with an average area of 1652
+ 175 um? were characteristic, and the average area
of spheroids formed by MDA-MB-453 culture cells
was 2785 + 345 pm? . This phenomenon can be ex-
plained by the semi-adhesive nature of the growth
of the MDA-MB-453 culture on culture plastic, which
gives the cells of this culture an advantage even un-
der growing conditions in an alginate gel that does
not support cell adhesion.

Thus, the optimal time for collecting spheroids
for the purpose of further bioprinting for these crops
is 7-10 days of cultivation. This rate of spheroid
formation is comparable to free-floating spheroids-

Fig. 2. Beads made of 2 % alginate gel with breast cancer culture cells enclosed in them. a — culture BT-20 for the 3rd cultivation knocks;
b - culture MDA-MB-453 for the 3rd cultivation knocks; ¢ — culture BT-20 for the 10th cultivation knocks; d- culture MDA-MB-453 for the
10th cultivation knocks. The size of the scale lines: a,b -3 mm; c,d — 0.5 mm.
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conglomerates on low-adhesive substrates, but sig-
nificantly inferior to the rate of formation of cellular
spheroids with controlled agglomeration of cells in
hanging droplets or microlunks, where this indica-
tor can range from 3 to 48 hours, depending on the
materials used [10].

On the 10th day of cultivation, when the increase
in the size of the spheroids begins to stabilize and it
is possible to proceed to bioprinting, we measured
the proportion of cells that formed clones (larger than
500 microns). Data analysis showed that this indica-
tor was 25.2 % = 7.1 % (n = 25) in BT-20 culture and
38.5% 9.9 % (n = 25) in MDA-MB-453 culture. Thus,
at a concentration of 100 thousand cells/ml, from one
milliliter of alginate gel with BT-20 and MDA-MB-453
culture cells, 25-38 thousand spheroids suitable for
further bioprinting can be obtained, which is orders
of magnitude greater than the capabilities of even
high-performance methods of spheroid formation in
microlunks and hanging droplets and comparable to
the formation performance free-floating spheroids-
conglomerates on low-adhesive substrates [10]. The
yield of cellular spheroids and their growth rate can
be increased even more if growth factors such as EGF
and FGF, which enhance cell division under conditions
of reduced adhesion, are used [12].

The histological structure of spheroids after ex-
traction from alginate gel differed between cultures.
BT-20 was characterized by spheroids of dense struc-
ture with smooth edges, retaining their shape after
extraction from the gel, double washing and inclusion
in the agarose block (Fig. 4a). Spheroids from the

cells of the MDA-MB-453 culture turned out to be
more loose, easily deformed with the loss of part of
the cells from the surface layers after washing in the
culture medium (Fig. 4b). The observed differences
may be associated with a smaller amount of extra-
cellular matrix formed by cells of the MDA-MB-453
culture in comparison with the BT-20 culture.

The structure of spheroids plays an important role
in bioprinting. Loose decaying cellular conglomerates
lose their shape during extrusion through the nozzle,
which negatively affects the quality of measurement
results carried out on a 3d model of tumor growth
obtained by bioprinting using such spheroids. Cellular
conglomerates obtained by aggregation in a hanging
drop, as a rule, have a very dense structure and me-
chanical strength [14], as well as spheroids obtained
in microplates [10], which favorably distinguishes
these approaches from our proposed one. At the
same time, free-floating spheroids-conglomerates
on low-adhesive substrates, are comparable or even
more inferior in strength to the spheroids-clones ob-
tained by us. The selection of cell cultures that secrete
a large number of extracellular matrix molecules (col-
lagen, laminin, hyaluronic acid, and others) is likely to
improve the practice of obtaining spheroids in alginate
drops with the density and strength characteristics
necessary for the needs of bioprinting.

A characteristic feature of the spheroids obtained
by us from the cells of both cultures was the ab-
sence of a central apoptosis/necrosis region, which
is probably explained by their small size. It is known
that the first signs of cellular damage under the influ-
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Fig. 3. Dynamics of growth of cellular spheroids formed in 2 % alginate gel by cells of BT-20 and MDA-MB-453 cultures. The data are
presented as a sample mean value + 95 % confidence interval of the general mean.
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ence of hypoxia and lack of nutrients begin to mani-
fest themselves in the center of the spheroids upon
reaching their radius of 100 microns or more [15],
in our case, the radius of even the largest cellular
spheroids did not exceed 30 microns. Currently, it has
been established that the adaptation of malignant
cells and microenvironment cells to the lack of nu-
trients and oxygen observed in the tumor contributes
to the development of chemo- and radioresistance,
immunosuppression, invasion and metastasis, being
one of the most important obstacles to cancer treat-
ment [16]. In this regard, the reproduction of hypoxia
and nutrient deficiency in a bioprinted cancer model
has a special value. Large cellular spheroids are the
main material on which hypoxia is studied in vitro,
however, due to their size, bioprinting by extrusion
through a thin nozzle with such structures is not pos-
sible. Therefore, in such models, direct imprinting of
a suspension of cells into a biogel or a combination
of methods of preforming sufficiently large cell con-
glomerates with subsequent pouring into a biogel is
more often used [15]. Small spheroids, like those that
we obtained by culturing cells of MDA-MB-453 and
BT-20 cultures in alginate droplets, serve as good
material for bioprinting, but do not show signs of
hypoxia. Therefore, in this case, modeling of natural
deficits existing in the tumor will be carried out not
at the level of individual spheroids, but at the level
of the entire model, where various gradients can be
created by controlling the composition of the model
components and their precise positioning relative
to each other and sources of nutrients and gases.
In the MDA-MB-453 cell culture grown in alginate
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droplets, individual spheroids of different sizes with
signs of degradation of cell nuclei were found (Figure
4b, isolation), indicating the beginning of cell death
processes. This phenomenon, along with the un-
even distribution in size and shape of the spheroids
formed, may indicate a pronounced heterogeneity
of clones formed by the MDA-MB-453 culture under
these cultivation conditions. Heterogeneity is funda-
mentally unavoidable when it comes to spheroids-
clones, and is a definite challenge for modeling tumor
growth in vitro using such structures. In the case of
multicellular conglomerates obtained by mechanical
connection of cells (the hanging drop method or the
formation of spheroids in cells), each such spheroid
combines cells with different biological character-
istics, as a result of which the difference between
such cellular conglomerates becomes insignificant.
Therefore, each multicellular spheroid can be con-
sidered an experimental repeat. In the case of clone
spheroids, not every spheroid should be considered
a separate experimental repeat, but their totality,
which must be taken into account when designing
a model of tumor growth that includes such struc-
tures. Thus, in order to obtain reliable results of the
experiment of spheroid clones, tens of times more
is required, which increases the cost of conducting
research and thereby limits their scalability.

CONCLUSION

Using encapsulation in an alginate gel makes it
possible to obtain in a short time a large number of
cellular spheroids-clones suitable for bioprinting.
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Fig. 4. Spheroids formed by cells of breast cancer cultures in a 2 % alginate gel on the 14th day of cultivation. a - culture BT-20, b — culture

MDA-MB-453. Staining with hematoxylin-eosin.
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The method we are testing is inferior to the meth-
ods of agglomeration of cells in a hanging drop and
on microcells in terms of the speed of spheroid for-
mation, as well as the density and uniformity of the
resulting structures, but has an advantage over these
methods in performance, which is comparable to the
method of obtaining cellular spheroids by cultivation
on low-adhesion substrates with constant mixing of

the medium. The clonal nature of spheroids grown
in alginate droplets somewhat increases the cost
of conducting research using models derived from
them compared to other approaches. However, such
spheroids, in our opinion, are the best material for
constructing, for example, bioprinted models of the
development of micrometatstases, i.e. structures
that by their nature are also clones of a single cell.
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ABSTRACT

The last decade is characterized by significant progress in the treatment of rectal cancer (reduction in the number of relapses
to 5-6 % with the use of prolonged radiation therapy) before surgery. The greatest success has been achieved in the treatment
of cancer of the lower ampulla of the rectum, when it is possible to develop a complete clinical response of the rectal tumor
to chemoradiotherapy. Nevertheless, the requirement issues to improve the results of treatment of cancer of the upper and
middle ampullar rectum with an increase in the survival of patients remain. Which makes it relevant to develop new methods,
that increase the effectiveness of the treatment of rectal cancer.

The method of modified chemoradiotherapy for cancer of the upper ampulla of the rectum was developed in our study. The
method is as follows: at the first stage, one day before the start of radiation therapy, the patient undergoes superselective
catheterization of the superior rectal artery through the radial or femoral artery, followed by regional administration of radio-
modifying chemotherapy drugs: cisplatin 50 mg and fluorouracil 500 mg. In one day, patients begin to undergo a course of
conformal remote large-fraction radiation therapy to the primary focus and metastasis pathways for 5 sessions with a single
focal dose of 5 Gy to a total focal dose of 25 Gy using a low-energy linear accelerator. During the entire course of radiation
therapy, fluorouracil 500 mg is administered daily intravenously for 30 minutes in 30 minutes before the session. Surgical
intervention with the sampling of material for research is carried out 6—8 weeks after the radiation therapy is completed. To
assess the effectiveness of the modified chemoradiotherapy, the stage of tumor regression was determined according to
the RECIST scale, and the level of therapeutic pathomorphology of the tumor according to Dworak was determined during
a morphological study of the rectal tumor removed during the operation.

The developed method of modified chemoradiotherapy makes it possible to achieve regression of the rectal tumor in a short
time, reduce the time and increase the effectiveness of treatment. The method of modified chemoradiotherapy is intended
for patients with cancer of the upper and middle ampullar rectum T3-4N0-2MO, for whom radiation therapy is indicated as the
first stage of treatment, after which resection of the rectum is performed in a standard volume.

Keywords: cancer of the upper and middle ampullary rectum, radiation therapy, radiomodification, chemotherapy, surgical
treatment
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3.1.6. OHkonorus, nyyesas Tepanus

KNUHWYECKOE HABNIOQEHUE

HOBbIA METO/J, MOJWUGULIMPOBAHHOTO XUMMONYYEBOTO JIEYEHNS PAKA BEPXHE-
W CPEAHEAMNYNSAPHOTO OTAENA NPAMON KMLIKK

10. A. TeeopksH, H. B. CongatkuHa™, M. H. YepHsk, M. A. l'ycapesa, 0. K. boHpaapehko,
E. A. xxeHkoBa, A. B. [lawkos, B. E. KonecHukoB, [l. C. Metpos, P. E. Tonmax, [l. A. CaBueHKo

HMWL, oHkonoruu, r. PoctoB-Ha-[loHy, Poccuiickas ®Gegepauus
B4 snv-rnioi@yandex.ru

PE3IOME

MocnefHee fecATUNETUE XapaKTEPU3YETCSA 3HAUUTENBbHbBIMU YCTIEXaMu B JIeYEHUN paKa NpsiMON KULLKK (CHUXEHWE Yncna
peunanBoB Ao 5-6 % Npu NpUMeHEHUN NPONIOHTMPOBAHHOM IyYeBOIi Tepanum) nepes onepaTMBHbIM BMeLIaTeNbCTBOM. Hau-
60/bLUMIA yCriex JOCTUTHYT NPU IeYeHUM paKa HUXKHeaMMynsipHOro oTAena NPSIMOMN KULLKK, KOTAa BO3MOXHO pasBUTMeE NOHOrO
K/IMHWYECKOro OTBETa ONYXONN NMPAMON KULLKKU Ha XMMKUOJTy4eBoe neveHue. MNpu aTom ocTatoTcst npobnembl HE06X0AMMOCTH
yNyyLEHWs pPe3ynbTaToB JIeYeHWs paka BEpXHe- U CpejHeaMnynApHOro oTAena NpsiMoN KULLKY C YBEIMYEHNEM BbDKMBAEMOCTH
60MbHbIX. ITO AenaeT aKTyabHbIM Pa3paboTKy HOBbIX METOAOB, NOBbILIAOLWMX SPHEKTUBHOCTb SIeYeHNsA paKa NPSMOW KULLKK.
B HalweMm nccnenoBaHum 6bin paspaboTaH MeTof MOANMULMPOBAHHON XMMUONTYYEBOW Tepanum paka BepxHeaMnynsipHoro
oTAena NpsAMoi K1LKK. MeTopa 3akntovaeTcs B crnefytolieM. [epBbiM 3Tanom 3a CyTKM [0 Havyana fiy4eBon Tepanuum nauu-
EHTY BbIMNOJHAETCA CynepceneKTMBHasA KaTeTepuaaLnsa BepxHel NPSMOKMLLEYHON apTepun Yepes JlyueByHo Un 6eipeHHyo
apTeputo C NOC/eAyIoWMM perMoHapHbiM BBeleHNeM paamomMoanduLmMpyoLWwmx XxuMmmnonpenapartos: uucnnatnHd 50 mr
n pTopypauun 500 Mr. Yepes cyTKu 60/1IbHbIM Ha4YMHAET NPOBOANUTLCS KYPC KOHDOPMHOWM AMCTaHLMOHHOM KpynHodpaKLum-
OHHOM NTy4eBO Tepanum Ha NepPBUYHbIN OYar 1 MyTU MeTacTasMpoBaHUA B Te4eHUe 5 ceaHCOB C pa3oBO 04aroso J030M1
5 'p A0 cymMMapHO# o4aroBow A03bl 25 ['p Ha HUBKOIHEPreTMYECKOM JIMHENHOM yckopuTene. Ha npoTsXeHun BCero Kypca
nyyeBou Tepanuu 60nbHbIM 3a 30 MUH 0 CeaHca exXefHEBHO BHYTpUBEHHO BBoauTca dGropypaumn 500 mr B TeyeHue 30
MUH. XMpypruyeckoe BMeLLIATENbCTBO C 3a60OPOM MaTepuana Ha uccnefoBaHve NpoBoaMTCs Yepes 6—8 Hefenb nocne
OKOHYaHuWs Ny4yeBoit Tepanuu. [1ns oueHkn ahheKTMBHOCTU MOANDULMPOBAHHOIO XMMUONYYEBOrO JIeHEHUS ONpeaensnm
cTeneHb perpeccun onyxonu no wkasne RECIST, npu MopdonornyeckomMm uccrnefoBaHny yaaneHHoN BO BpeMs onepawumm
OMyXO0JIN NPSIMOW KWLLKW ONpeAensanu cteneHb ie4e6Horo natomopdosa onyxonu no Dworak.

Paspa6oTaHHbIi1 MeTof MOAUGDULMPOBAHHOW XMMUOJTY4Y€EBOW Tepanuu No3BoONsSET AOBUTLCA PErPECCUU OMYXONU NPAMOiA
KULLKM 3a KOPOTKUI CPOK, COKPaTUTb CPOKMU U yBeNMUNTb 3 dHEeKTUBHOCTL NledeHusi. Metog MogmbuumnpoBaHHOM XMMU-
ONy4YyeBOI Tepanuu NnpegHasHayveH Ana 60/bHbIX paKOM BEpPXHE- U cpefHeaMnynspHOro otaena npsiMon kuwku T3-4N0-
2MO, KOTOpbIM MepBbIM 3TaMNOM Nle4YeHUs NoKasaHa fyyeBasi Tepanus, Nocsie Yero BbINONHAETCA Pe3eKLUMA NPSMON KULLKK
B CTaHAAPTHOM 06beMe.

KnioueBble cioBa: pak BepxHe- U CpeAHEaMIyIipHOro oTAena NpsMoii KULLKK, JlydeBasi Tepanus, paguoMoanduKaLus,
XUMUOTEpPanusi, onepaTMBHOE SleYeHne
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Substantiation

Treatment of rectal cancer depends on the stage
of cancer, the localization of the tumor [1]. There are
various treatment options for rectal cancer, which
include surgery, radiation therapy, chemotherapy
or a combination of these approaches [2-4]. The
successful use of radiation therapy for malignant
tumors of the rectum has led to the fact that it is
included in the standards for the treatment of malig-
nant tumors of this localization [5]. Methods of both
preoperative and postoperative radiation therapy have
been developed for the treatment of rectal cancer.
However, preoperative radiation therapy proved to
be the most effective. In many countries, including
Russia, there is an increase in the frequency of use of
preoperative radiation therapy and a decrease in the
frequency of use of postoperative radiation therapy
for rectal cancer. Thus, according to the study, in
the USA from 2004 to 2011, in the structure of pa-
tients who received radiation therapy, the frequency
of preoperative radiation therapy increased from 57
to 75 %, and the frequency of postoperative radiation
therapy decreased from 39 to 18 % [6].

Radiation therapy for rectal cancer is possible
in the form of a prolonged and short large-fraction
course of radiation therapy. Numerous studies have
been conducted to clarify the advantages and disad-
vantages of both methods of radiation therapy. The
results of the studies have shown that patients with
locally advanced malignant tumors of the rectum
benefit from a prolonged course of radiation therapy,
especially with lesions extending beyond the rectal
wall and threatening to involve mesorectal fascia in
the tumor process, as well as in cases of metastat-
ic lesions of regional lymph nodes; with cancer of
the lower ampullary rectum in order to increase the
chances of performing sphincter-preserving opera-
tions and reducing the frequency of local relapses.
A short course of radiation therapy with large dose
fractionation is carried out with localized tumors of
the upper and middle ampullary rectum, when preop-
erative therapy cannot change the volume of surgery
on the rectum; if it is impossible to carry out a pro-
longed course of radiation therapy [7-9].

Conducting a preoperative course of prolonged
radiation therapy reduces the 5-year recurrence rate
in malignant tumors of the rectum by 2 times from
10.9 t0 5.6 % [8; 10]. In the conducted randomized
trials (SRCSG and SRCT), in addition to reducing the
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frequency of local relapses, an increase of 10 % in
the overall and relapse-free survival of patients was
also proven [11; 12].

A prolonged course of preoperative radiation
therapy for distal rectal cancer may be so effective
that it leads to a complete regression of the rectal
tumor with the development of a complete clinical
and pathomorphological response of the tumor to
preoperative therapy [13-15]. As for cancer of the
upper ampullary rectum, with this localization of the
tumor, such a pronounced effect on neoadjuvant ra-
diation therapy was not observed. All this indicates
the need to develop and apply more intensive therapy
regimens for the treatment of cancer of the upper
ampullary rectum.

Purpose of the study is to develop a method of
effective treatment of cancer of the upper ampullary
rectum.

Research design

To increase the effectiveness of radiation therapy,
we have developed a method of modified chemo-
radiotherapy, which allows us to achieve proper
pathomorphological and therapeutic effects on the
tumor, as well as to shorten the treatment time of
patients. The method of modified chemoradiothera-
py is intended for patients with cancer of the upper
and middle ampullary rectum T3-4N0-2MO0, who are
shown radiation therapy as the first stage of treat-
ment, after which rectal resection is performed in
a standard volume.

Indications for the modified chemoradiotherapy
were: unresectable locally advanced cancer of the
upper and middle ampullary rectum T3-4N0-2MO;
possibility of chemoradiotherapy; informed consent
of the patient. Contraindications for the modified
chemoradiotherapy were: unresectable rectal cancer,
the presence of distant metastases, the impossibility
of chemoradiotherapy.

Description of medical intervention

The method of modified chemoradiotherapy is
as follows. The first stage, a day before the start of
radiation therapy, the patient undergoes superse-
lective catheterization of the upper rectal artery
through the radial or femoral artery, followed by
regional administration of radiomodifying chemo-
therapy drugs: cisplatin 50 mg and fluorouracil 500
mg. A day later, patients begin to receive a course of
conformal remote radiation therapy for the primary
tumor area and the area of regional metastasis, 5
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sessions with a single dose of 5 Gy to a total focal
dose of 25 Gy. During the entire course of radiation
therapy, patients are injected daily intravenously with
fluorouracil 500 mg for 30 minutes 30 minutes before
the session. Surgical intervention on the rectum in
the standard volume is performed 6—8 weeks after
the completion of the course of radiation therapy. To
assess the effectiveness of the treatment performed
during the morphological examination of the surgical
material, the stage of therapeutic pathomorphosis of
the tumor is determined by Dworak.

Patient B., born on 09/20/1956, was admitted to
the clinic of the National Medical Research Centre for
Oncology on 02/03/2017 with complaints of blood
and mucus in the feces, tenesmus, weakness.

It is known from the anamnesis that he considers
himself ill since December 2016, when the above
complaints appeared. | went to the doctor at my place
of residence, a colonoscopy revealed a rectal tumor.
Morphological analysis No. 449-58: G2 adenocarci-
noma. The patient was sent to the National Medical
Research Centre for Oncology, where a follow-up
examination was conducted.

MRI of ACO and PO on 01/25/2017 revealed a tu-
mor of the middle ampullary rectum with a spread to
the upper ampullary 7.5 x 2.4 x 4.3 cm, at a distance
of 8.1 cm from the anus, with lesion of mesorectal
lymph nodes (Fig. 1a, b).

At the FCS on 12/28/2016, a rectal tumor was
detected at a distance of 10 cm from the anus, ex-
amination to the caecum.

With a clinical diagnosis of cancer of the middle
ampullary rectum cT3NTMO, ct 3B, cl.gr. 2, the patient
was hospitalized for treatment.

On 02/07/2017, the patient underwent cathe-
terization of the upper rectal artery through the
femoral artery (Fig. 2), into which cisplatin 50 mg
at 5 % glucose 50 ml and fluorouracil 500 mg were
injected. On 02/08/2017, the patient began a short
course of large-fraction radiation therapy (5 ses-
sions of 5 Gy per primary tumor and regional lymph
nodes), before the start of each session for radia-
tion therapy, fluorouracil 500 mg was administered
intravenously on a 0.9 % 200 ml sodium chloride
solution for 30 minutes. After a 30-minute expo-
sure, a radiation therapy session was performed.
She underwent the course of modified chemora-
diotherapy satisfactorily, there were no reactions
and complications.

6 weeks after the end of the modified chemoradio-
therapy, the patient underwent a control examination.
An MRI of the abdominal cavity and pelvic organs on
03/20/2017 revealed a residual tumor of the middle
ampullary rectum with signs of pathomorphosis, as
well as a decrease in mesorectal lymph nodes in
dynamics (fig. 3).

Fig. 1. MRI of the pelvic organs: a tumor of the middle ampullary rectum with a spread to the upper ampullary 7.5x 2.4 x 4.3 cm, at a
distance of 8.1 cm from the anus, with lesion of mesorectal lymph nodes (a) sagital section, (b) frontal section.
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Rectoromanoscopy on 03/20/2017 revealed ulcer-
ation of the rectal mucosa up to 3 cm in diameter at
9 cm from the anus.

On 03/262017, the patient underwent surgery:
anterior rectal resection with preventive ileostomy.
Macropreparation: at the site of the tumor — ulcer-
ation of the mucous membrane of the rectum up to
3 cm in diameter (Fig. 4). Regional lymph nodes are
not changed.

Histological examination of surgical material
No. 24441-44/17: G2 adenocarcinoma with inva-
sion of all layers of the wall, ulceration, inflamma-
tion. Signs of therapeutic pathomorphosis of the IlI
grade — in the fibrous stroma of petrification; 24446-
47/17 resection lines have the usual structure; 24445;
24448-49/17: in the lymph nodes sinus histiocytosis,
focal lipomatosis.

Postoperative diagnosis: cancer of the middle
ampullary rectum t3n1mo0, st 3B, t.gr. 2, condition
after chemoradiotherapy, T3NOMO. After surgery,
she received courses of adjuvant chemotherapy with
capecitabine. After 2 months, the patient completed
the closure of the ileostomy without complications.
The patient is observed without signs of progression
to the present (more than 5 years).

Main study results

Thus, the given clinical example demonstrates
a pronounced regression of the rectal tumor in
a short period under the influence of modified radi-
ation therapy: the tumor from 7.5 cm decreased to
ulceration of the mucosa with a diameter of 3 cm
(partial regression of the tumor on the RECIST scale)
with the development of therapeutic pathomorphosis
of the Il grade.

Adverse effects

No adverse events were observed during the study.

DISCUSSION

Summary of the main research results

As a result of the study, a new method of modified
chemoradiotherapy for cancer of the upper and middle
ampullary rectum has been developed, which allows
effective treatment in a short time with the develop-
ment of therapeutic pathomorphosis of 3-4 stage.

Discussion of the main research results

The results of the application of the developed
method of modified chemoradiotherapy have shown
its effectiveness, which may be due to several mech-
anisms. Firstly, it is undoubtedly the modifying ef-
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Fig. 2. Angiography: the upper rectal artery and its branches are
contrasted.
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Fig. 3. MRI of the pelvic organs after modified chemoradiotherapy:
residual tumor of the middle ampullary rectum with signs of
pathomorphosis, as well as a decrease in mesorectal lymph nodes
in dynamics.
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fect of radiation therapy through the introduction of
chemotherapy drugs. Secondly, this is the effect of
regional chemotherapy, carried out superselectively
through the upper rectal artery directly to the rectal
tumor. The interaction of radiation and chemother-
apy methods is also important. All these factors are
involved in the development of therapeutic pathomor-
phosis of a rectal tumor of 3—-4 stages in a short time,
which reduces the duration of treatment of patients.
Perhaps further movement in this direction will allow
us to improve the method and achieve a complete
clinical response of the tumor of the upper and mid-
dle ampullary rectum, as can be observed in cancer
of the lower ampullary rectum.

CONCLUSION

So, a method of modified chemoradiotherapy
for cancer of the upper and middle ampullary rec-
tum was developed and put into practice, including
preoperative radiation therapy with a short course
of large dose fractionation and standard surgical
treatment, characterized in that patients undergo
superselective catheterization of the upper rectal
artery before starting radiation therapy, followed
by regional administration of radiomodifying che-
motherapy drugs: cisplatin and fluorouracil. A day
later, patients undergo a course of remote confor-
mal large-fraction radiation therapy for the rectal
tumor area and the area of regional metastasis,
a total of 5 sessions with a single dose of 5 Gy to

B € Zpn o g
o " oy oo iy
W T
! 2 = -
¥ 3% g
.,ﬁ,‘: - »

Fig. 4. Macropreparation: at the site of the tumor - ulceration of
the mucous membrane of the rectum up to 3 cm in diameter.

a total dose of 25 Gy. During the entire course of
radiation therapy, patients are injected daily intrave-
nously with fluorouracil 500 mg for 30 minutes 30
minutes before the session. Surgical intervention
on the rectum in the standard volume is performed
6—-8 weeks after the completion of the course of
radiation therapy. The use of the modified chemo-
radiotherapy method allows for highly effective
treatment for cancer of the upper and middle am-
pullary rectum, confirmed by the development of
therapeutic tumor pathomorphosis. These data
indicate the effectiveness of the developed method
of modified chemoradiotherapy for rectal cancer,
which makes it possible to recommend it for use
in clinical practice.
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ABSTRACT

Esophageal cancer is one of the most aggressive malignant neoplasms of the gastrointestinal tract, occupying the eighth
place in the structure of morbidity worldwide. Despite comprehensive approaches to treatment, mortality continues to grow
in both gender groups, which moves this pathology to the sixth position in the structure of mortality from malignant tumors.
A lot of patients undergo radiation therapy in the preoperative period or in an independent version due to the peculiarities of
the localization of the tumor or the spread of the process. One of the serious complications of the disease on the background
of ongoing conservative therapy is perforation of the esophagus, which, according to the literature, can develop from 5.6 to
33 % of cases, and the risk factors for the development of this complication are infiltrative-ulcerative form of cancer, disease
stage T3-4 and the presence of esophageal stenosis, as well as the use of chemotherapy drugs such as fluorouracil and
cisplatin. The article describes a clinical case of esophageal perforation in a patient with infiltrative-ulcerative form of squa-
mous cell carcinoma of the esophagus on the background of preoperative chemoradiotherapy. The total focal dose (TFD)
at the time of complication development was 24 Gy. As a result of a comprehensive additional examination, which revealed
a developed complication in the form of perforation of the esophagus, an interdisciplinary council decided on an immediate
surgical intervention, during which extirpation of the esophagus with gastro- and esophagostomy was performed. The patient
was discharged on the 15th day in a satisfactory condition with a recommendation to conduct an IHC study for the presence
of PD-L1 expression to determine further management tactics. This clinical case demonstrates the role of the infiltrative-
ulcerative form of tumor growth, the stage of the disease, as well as the use of chemotherapy drugs during radiation treatment
as risk factors for the development of esophageal perforation; an important task at the prehospital stage in the selection of
such patients is a thorough examination in specialized oncological centers to exclude possible complications in the process
of the above conservative treatment.
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3.1.6. OHkonorus, nyyeBas Tepanus

KNUHWYECKOE HABNTIOQEHUE

YCMEWIHASA 3KCTUPMALLMA NEPGOPUPOBAHHOTO NULEBO/IA MOCJIE XMMUONYYEBON

TEPANAW NPU UHOUNBTPATUBHO-A3BEHHOM MI0CKOKJIETOHHOM PAKE

T. C. Poroea™, . I. CakyH, I0. A. leBopksH, C. I. Bnacos, J1. fl. Po3etko, C. A. ManuHun, E. A. KapHayxoBa, 0. I. PoauoHoBa,

M. A. Komanpupos, 0. I0. Kaiimakuu, H. B. ConpatkuHa, E. A. lop6yHoBa

HMWL, oHkonoruu, r. PoctoB-Ha-[loHy, Poccuiickas ®Gegepauus
M coffeecreeps@yahoo.com

PE3IOME

Pak nuiieBoga — OAHO U3 CaMblX arpeCCUBHbIX 3/I0KaYeCTBEHHbIX HOBOOGpasoBaHuii (3HO) enyaouHO-KMLLIEYHOTO TPaKTa,
3aHMMaloLLLee BOCbMOe MEeCTO B CTPYKTYpe 3a6011eBaeMOCTM BO BCEM MUpe. HeCMOTPsi Ha KOMMNJIEKCHbIE NMOAXOAbI K JIEYEHUIO,
CMEepPTHOCTb MPOAOHKAET PacTu B 06enx reHAepHbIX rpynnax, 4To nepemellaeT AaHHyI NaToIONMIO Ha LWECTYHO NO3ULMIO B
CTPYKTYpe cMepTHOCTM 0T 3HO. MHOXECTBO NaLMeHTOB NPOXOAAT NyYeBYyO TEPanuio B NpeAonepaLMoHHOM Nepuoje nim B
CaMOCTOSTeNIbHOM BapuaHTe B CUly 0COBGEHHOCTEN JIoKanmM3aLmm onyxonau Uiav pacnpocTpaHeHHOCTH npouecca. OAHUM K3
Cepbe3HbIX OC/I0XKHEHUI 3a601eBaHUs Ha POHe MPOBOANMON KOHCEPBATUBHOW Tepanuu SBnsieTca nephopaums NuLeBoaa,
KoTOpasi, Mo NNTepaTypHbIM AaHHbIM, MOXeT pasBuBaTbes oT 5,6 [0 33 % cnyyaes, a pakTopamu pucka pasBUTUS JAHHOMO
OCJIOXHEHUA ABNAOTCA NHPUIBTPAaTUBHO-A3BEHHas GopMa paka, CTagus sabonesaHus T, , M HanuuMe CTeHOo3a NULLEBoAa,
a TaKXxe NpMMEHeHVe TakMx XMMronpenapaToB, Kak GTopypaLun 1 LMcnnaTuH. B ctaTbe onvcaH KMMHUYECKUIA cnyyan pas-
BUTUA nepdopaummn nuieBoaa y nauneHTa ¢ MHPUNbTPaTUBHO-A3BEHHOW POPMOW NNOCKOKIETOYHOrO paka nuileBoAa Ha
(oHe NpoBOAMMOTO NpefornepaLMoHHOro XMMUONYYeBoro fevyeHus. CyMmmapHas oyaroBas go3sa (CO/l) Ha MOMEHT pa3BuUTus
OCIOXXHEHUS cocTaBuna 24 p. BcneacTane KOMNIEKCHOro A006¢e0BaHNSA, BbISBUBLLENO Pa3BUBLLIEECSH OCNOXHEHWE B
BuAe nephopauuy NMLLEeBoaa MEXANCLUMIMHAPHBIM KOHCUMYMOM 6bIN0 NPUHATO peLleHne O HEMEAIEHHOM XMPYPruYeckoM
BMeLlaTeNbCTBE, B XOAe KOTOPOro 6bisia BbINOMHEHA 9KCTUPMNaLMA NULLEBOAA C racTpo- U 33odaroctoMuei. MaumeHT 6bin
BbINMCaH Ha 15-e CyTKM B y4,0BNETBOPUTENbHOM COCTOSIHUM C pekoMeHaL et npoBefeHnsa UM X-uccnenoBaHnsa Ha Hanuuve
akcnpeccun PD-L1 ans onpegeneHus ganbHenwen TakTUKK NedeHns. JaHHbIN KIMHUYECKUI CryyYan AEMOHCTPUPYET posib
MHUNBTPaTUBHO-A3BEHHO (DOPMbI POCTa ONYXOMK, CTaAumM 3aboneBaHus, a Takxxe NpUMEHeHWe XMMMOrpenapaToB BO Bpe-
MS JTy4eBOro fleyeHns Kak GaKkTopbl pucka passuTusa nepdopauunm NULLEBOAA; BaXKHOW 3aayveil Ha AorocnuTanbHOM aTane
npu oTOOPE TaKUX NALMEHTOB CNYXMUT TLiaTeNIbHOE 06CNef0BaHNe B CNeLnanu3vpoBaHHbIX OHKONOrMYECKUX LIEHTpax ans

UCKITFOYEHUSA BO3MOXKHbIX OC/IOXHEHUI B npouecce BbllLeonMCaHHOro KoOHCepBaTUBHOIO JieYeHUA.
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RELEVANCE

Esophageal cancer is one of the most aggressive
malignant neoplasms of the gastrointestinal tract, oc-
cupying the eighth place in the structure of morbidity
worldwide [1]. Despite comprehensive approaches to
treatment, mortality continues to grow in both gender
groups [2], which places this pathology to the sixth
position in the structure of mortality from MNs [1].

Surgical intervention may be delayed or even im-
possible due to the features of the localization of
the tumor or the prevalence of the process [3; 4],
therefore, many patients undergo complex treatment,
including radiation therapy, in the preoperative period
or in an independent version.

One of the serious, high mortality rate complica-
tions of the disease on the background of conser-
vative therapy is perforation of the esophagus. The
causes of esophageal perforations are multiple, the
main factors are iatrogenic effects and mechanical
damage (barogenic ruptures, damage by foreign
bodies, blunt chest injuries). According to a number
of authors [5-7], the formation of an esophageal
fistula as a complication of radiation therapy can
develop in 5.6 to 33 % of cases, therefore, patients
with a widespread tumor process require a thorough
examination before starting treatment.

Purpose of the study: to present the results of clin-
ical observation of a patient who developed a com-
plication in the form of esophageal perforation at
the stage of the preoperative course of chemoradio-
therapy.

CLINICAL CASE INTRODUCTION

Patient B., 55 years old, was admitted to the ra-
diotherapy Department No. 2 at the National Med-
ical Research Centre for Oncology, Rostov-on-Don.
The diagnosis was: (C15) Cancer of the middle and
lower third of the esophagus T3N2MO, Il stage,
cl. gr. 2, with chronic bronchitis as concomitant
pathology. From anamnesis: ill for 1 month, worried
about weakness and increasing dysphagia. During
fibrogastroduodenoscopy (FGDS) at the place of
residence, an infiltrative ulcerative tumor of the
esophagus was detected, a biopsy of the formation
was performed. A histological examination of the
biopsy material was carried out, conclusion No.
13420-21 of 07/27/2022: low-grade cancer. Inde-
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pendently applied to the National Medical Research
Centre for Oncology, for further examination and
determination of treatment tactics. When reviewing
histological preparations at the National Medical
Research Centre for Oncology No. 2011/22 dated
08/10/2022, fragments of the esophageal muco-
sa with complexes of low-grade carcinoma were
determined. For the purpose of differential diag-
nosis between squamous cell carcinoma without
keratinization and adenocarcinoma, an IHC study
was recommended. 08/10/2022 a CT scan of the
chest, abdominal cavity and pelvis was performed,
conclusion: tumor of the middle and lower third of
the esophagus for 6.7 cm with thickening of the
walls to 1.6 cm with infiltration of the surround-
ing fiber, metastatic lesion of the intra-thoracic,
retroperitoneal, subclavian lymph nodes (Fig. 1).
Conclusion of immunohistochemical study No.
2524/22 dated 08/22/2022: The morphological
picture and immunophenotype of tumor cells in the
volume of esophageal biopsy (SC5/6+) are most
characteristic of low-grade squamous cell carci-
noma. Based on the data obtained, a consultation
of physicians at the National Medical Research
Centre for Oncology recommended a course of
chemoradiotherapy as the first stage of treatment.
Objectively upon admission: the general condi-
tion is close to satisfactory. Complaints of gener-
al weakness. The skin is of ordinary color, clean.
There is vesicular respiration above the pulmonary
fields, with no wheezing identified. Heart tones are
muted, rhythmic, blood pressure of 121/78 mmHg,
76 beats/min heart rate. Body temperature 36.5 °C.
The abdomen is soft, painless on palpation, the liv-
er is at the edge of the costal arch, the spleen is not
palpable. Healthy bladder and bowel habits. Weight
of 80 kg, height of 180 cm, body area about 2 m2.
Since 08/23/2022, a course of remote chemo-
radiotherapy on a linear accelerator Truebeam
(Varian, USA) has been started using the technol-
ogy of volume-modulated arc therapy (VMAT) for
the esophageal tumor area and regional lymphatic
collector with a single focal dose (SFD) of 2 Gy to
a total focal dose (TFD) of 50 Gy for 25 fractions.
No abnormalities were detected during the control
of hematological parameters. On 08/25/2022, che-
motherapy drugs were administered against the
background of infusion therapy according to the
scheme: paclitaxel 50 mg/m? (100 mg) and car-
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boplatin AUC2 (360 mg). On 09/01/2022 the 2nd
administration of drugs in the previous dose was
carried out. 09/07/2022 after the 12th session with
TFD 24 Gy, the patient complained of pain in the
chest area on the right, in connection with which
he was immediately examined to exclude cardiac
pathology. On the ECG from 09/07/2022, a sinus
rhythm with a heart rate of 70 beats/min, frequent
supraventricular extrasystole episodes by the type
of bigeminia, violation of intraventricular conduction,
signs of left ventricular myocardial hypertrophy are
recorded. An hour after the appearance of chest pain,
complaints of shortness of breath joined. During the
spiral computed tomography (CT) scan of the chest
organs, signs of perforation of the esophagus with
the formation of a right-sided hydropneumothorax
were revealed (Fig. 2). The patient was urgently taken
to the operating room for life-threatening indications.
Intraoperatively: the patient is laid on his left side
in the position for anterolateral thoracotomy on the
right in the V intercostal space. Under endotracheal
anesthesia with artificial ventilation, a thoracotomy
was performed in the V intercostal space on the
right. During revision up to 200 ml of serous-purulent
effusion with digestive contents in the pleural cavity.
In the mid-thoracic part of the esophagus, a tumor
with necrotic changes was palpated, the latter up to
5 cm in size with a transition to the visceral pleura of
the middle lobe of the lung. In the center of necrosis
there is a perforating hole up to 1.5 cm in diame-
ter. Tumor-necrotic-inflammatory infiltrate involved
v.azygos and tributaries. With technical difficulties
due to localization and prevalence of the process,
v.azygos and tributaries were mobilized, bandaged

MIOCKOK/IETOYHOM pake

twice, crossed. Mobilization of the esophagus with
mediastinal lymphadenectomy was performed, ne-
crectomy of the visceral pleura of the middle lobe
of the lung was performed, areas suspected of leak-
iness (with an aqueous sample) were sutured with
monolithic sutures, the pleural cavity was drained
with 2 PVC tubes installed along the posterior axillary
line in the 7th and 8th intercostals on the right. The
patient was turned over to a position on his back.
The cervical esophagus was decorated on the neck
in the form of an esophagostomy. Upper median
laparotomy was performed. The abdominal part of
the esophagus is extracted into the abdominal cavity.
The diaphragm legs are sutured. An additional row
of stitches was applied to the stump of the esoph-
agus. A gastrostomy was applied for nutrition — it
was removed through a separate puncture, and the
laparotomy wound was sutured in layers, tightly.

After surgery, the patient stayed in the anesthesi-
ology and intensive care unit for 8 days. Further, in
the specialized department he received treatment,
including: infusion therapy (glucose-electrolyte and
colloidal solutions), antibacterial therapy, antispas-
modics, analgesics, prevention of postoperative
pancreatitis, thromboembolic complications, met-
abolic and restorative therapy, inhalations, regular
dressings. Drains from the abdominal and pleural
cavities have been removed. Postoperative wound -
healing by primary tension in suture conditions. The
gastrostomy is functioning.

The patient was discharged on the 15th day in
a satisfactory condition with a recommendation to
conduct an IHC study for the presence of PD-L1 ex-
pression to determine further treatment tactics.

Fig. 1. Spiral chest CT before treatment.

Fig. 2. Perforation of the esophagus with the formation of a
hydropneumothorax on the background of radiation therapy
course.
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DISCUSSION

Zhu C et al. [5] analyzed 78 studies conducted in
between 1990 and 2018. They included 1,866 patients
with an established diagnosis of esophageal cancer
receiving radiation treatment (chemoradiotherapy,
brachytherapy or radiation therapy in an independent
version). Esophageal perforation was detected in 200
cases and amounted to 10.7 %. The authors found
out that patients younger than 60-65 years were at
risk; no statistically significant results were obtained
regarding gender. In patients with ulcerative form of
the tumor, stage T3-4 and squamous histological
structure of cancer, perforation also developed more
often. Esophageal stenosis has also been described
as a risk factor. When analyzing studies describing
the results of chemoradiotherapy in various modes,
it was found that the complication developed more
often against the background of the use of fluoro-
uracil and cisplatin, in contrast to treatment with
a combination of taxanes and cisplatin.

A retrospective analysis of risk factors for esoph-
ageal perforation against cancer, conducted by
Hai-yan Chen et al. [8], included 322 patients who
underwent radiation therapy due to the unresect-
ability of the tumor, or relapse of the disease. The
complication occurred in 10 patients during radia-
tion therapy, and 8—40 weeks after completion in 8
more patients, which totaled 5.8 %. All the patients
were male. 14 of the 18 patients (77.7 %) were under
60 years of age. 12 patients (66.6 %) were treated
with stage T4. Chemoradiotherapy was received
by 9 people (50 %). The average radiation dose at
which perforation occurred was 54 Gy. Based on the
above data, the authors concluded that the risk of

esophageal perforation is male, age under 60 years
and stage T4. The dependence of the complication
development relative to the histological type has
not been described.

Bing Hu et al. [9] analyzed 414 cases of chemo-
radiotherapy of squamous cell carcinoma of the
esophagus in various regimens from 2012 to 2018
and found that esophageal perforation occurred in
46 patients (11.1 %), among whom 40 patients were
men (86.96 %); 20 of them (43.48 %) were under the
age of 60. 27 patients (58.7 %) were treated with
stage T4. All patients with the developed complica-
tion were diagnosed with esophageal stenosis of
varying degrees.

Based on the above research results, as well as
our own experience, we can identify such risk factors
for the development of esophageal perforation as
an infiltrative-ulcerative form of the tumor, stages of
the disease T3-4, esophageal stenosis and the use
of fluorouracil and cisplatin drugs.

CONCLUSION

Taking into account the improvement of techni-
cal equipment, the possibilities of selecting patients
for the provision of neoadjuvant radiation therapy
of malignant neoplasm (MN) have expanded. It is
necessary to remember and take into account the
role of the infiltrative-ulcerative form of tumor growth
as a risk factor for the development of esophageal
perforation in esophageal cancer with squamous cell
histotype. An important goal in the selection of such
patients is a thorough examination in specialized
cancer centers to exclude possible complications
during the conservative treatment process.
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