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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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(buHaHcupoBaHue: hMHAHCMPOBaHUe AaHHOI PaboTbl He NPOBOANIOCh.

KOHdJJ'IMKT WHTEepecoB: BCe aBTOPbl 3aABNAKT 06 OTCYTCTBUU ABHbIX N NOTEHUNANbHbIX KOHCbJWIKTOB WHTEepecoB, CBA3aHHbIX C ﬂyﬁﬂVIKaLlMeVI
HacTosLLel cTaTby.

CraTbs nocTynuna B peaakumtio 13.09.2022; ogobpeHa nocne peueHsupoanus 19.04.2023; npuHsta K nyénukaumum 05.06.2023.
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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
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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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