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ABSTRACT

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

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

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

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

OPUTMHANBHASA CTATbHSA

MOKA3ATE/IN CEMEUCTBA WHCY/TMHONO/10BHbIX DAKTOPOB POCTA B TKAHU
JIETKOr0 bOJIbHbIX HEMENKOKNETOYHBIM PAKOM NIETKOTO, MEPEHECLUMX
COVID-19 PA3JIN4HOW CTENEHW TAXECTH
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PE3IOME

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

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

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

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

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

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

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

COVID-19 pa3nunyHoOi CTeneHn TAXECTH

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

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

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

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

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

PATIENTS AND METHODS

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

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

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

RESEARCH RESULTS

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

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

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

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

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

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

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

COVID-19 pa3nunyHoOi CTeneHn TAXECTH

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

DISCUSSION

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

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

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

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

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

COVID-19 pa3nunyHoOi CTeneHn TAXECTH

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

CONCLUSIONS

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