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Pesiome. Pax xenynka BXOIUT B AECITKY MO PACIPOCTPAHEHHOCTU U 3aHUMAET 4-¢ MeCTO MO NpUYrHaM
CMEpPTHOCTU BO BceM Mupe. Hanbosiee pacripocTpaHEHHBIM U MPU 3TOM CaMbIM arpeCCUBHBIM BapUAHTOM
paka xeiyaka sipisercs angeHokapumHoMma (AK2K). MoHoumTapHoe 3BeHO UMMYHUTETa 00eCceunBaoT OC-
HOBHYIO JIMHUIO 00OpbOBI OpraHn3Ma CO 3JI0KAaYeCTBEHHBIMU KJIETKaMU, MpU 3ToM y nanuueHToB ¢ AKXK sB-
JISIETCSl HEAOCTaTOYHO U3YUYEHHBIM.

Llesnb nccmenoBaHus — OLIEHUTh MOKa3aTe I PyHKIIMOHATbHOU aKTUBHOCTU MOHOIIMTOB y MTAllUEHTOB C
aJICHOKapIIMHOMOM XeTyaKa Ha pa3HbIX CTAAUSIX 3a00IeBaHUSI.

O6cnenoBaHo 164 yenoBeKka, cper KOTOPBIX 85 ObLI MOCTABICH IMArHO3 afieHoKapInHoMa xeaynaka [-1V
cranuu. Takke B MCClIeIOBAaHUY MPUHSUIM ydacThe 79 mMpakKTUIeCKHU 3M0POBBIX TOHOPOB. DYHKIIMOHATBHYIO
aKTUBHOCTh M KHWCJIOPOA-3aBUCUMBIN (harolmTo3 MOHOIIUTOB OIIEHWBAIN XEMIIIOMUHECIIEHTHBIM METO-
oM. B KkauecTBe MHIYKTOpA XEMUJIIOMUHECIIEHIIUU UCITOJIb30BaIN JJIOMUHOJI. AKTUBALIMS PECTIUPATOPHOTO
B3pPbIBa OCYIIECTBIISIIaCh OTICOHU3UPOBAHHBIM 3UMO3aHOM.

YV 00bHBIX aIeHOKAPILIMHOMOW XeTyIKa BbISIBJIEHO B COCTOSTHUU TTOKOS (CIOHTaHHAS! XeMUJTIOMUHECIICH -
11s1) yBEJIMYEHUE MTOKa3aTeei BpeMeH! BbIXOAa KPMBOU HAa MAKCUMYM MHTEHCUBHOCTHU XEMUJIIOMUHECIIECH -
muu (Tmax = 7957 ¢), miowany noa KpuBo xemmtioMuHecueHunu (Squr = 0,2 x 10°), nHaekca akTUBALIMKA
(1,89 y. e.) U CHUKEHUE MAaKCUMAaIbHOTO 3HAYE€HMSI MHTEHCUBHOCTU XeMuTtoMruHecueHIuu (Imax =424 y. e.)
OTHOCHUTEJIbHO KOHTPOJIbHOM rpymnoi (Tmax = 5533 ¢, Squr = 0,011 x 10°, ungekc akruBaunu = 0,88 y. e.,
Imax=424y.e.,p <0,05). [Ipu uHAYLMPOBAaHUU XeMWITIOMUHeCcIeHIIMHU Y 00JbHBbIX AKOK hukcupyercs cra-
TUCTUYECKHU 3HaYnMoe npeobnaganue Squr (0,46 x 10°, B koHTposbHOM rpyine Squr = 0,031 x 10°). Takxke
B IpyIINe MallMeHTOB C aIeHOKAPIIMHOMOM KeJTy1Ka MOHOLIMTAPHBIN (DarolmTo3 CHUXeH 6oJiee ueM B 2 pa3a
(29% nipoTtuB 84% B KOHTpOJIBHOI rpytne, p < 0,05). [Tpu aHanM3e UccaeayeMbIX MapaMeTPOB B 3aBUCUMO-
CTHU OT CTaaAuU 3a00J€BaHUsI ObLIO YCTAHOBJIEHO, YTO HAPYIIIEHUE XEMIWIIOMUHECIEHTHON peakiuu y 00J1b-
HBIX aICHOKApIIMHOMOM KeJlyaKa (uKcupyeTcs yxKe Ha paHHel ctanuu. [1pu aToM y 6oibHBIX ¢ [V cTangueit
aJIeHOKapIIMHOMBI XeJTyIKa M0Ka3aTeJ Iy CIIOHTAHHOW U UHAYLUPOBAHHOW XEMIIIOMUHECLIEHIIMY 00Jiee YeM
B 2 pa3a OTJIMYAIOTCS OT ToKa3aTeJieii KOHTPOJbHOW TPyIIbl U MalMeHTOB Ha | ctaguu 3a6oneBaHusi. Bol-
SIBJICHHBIE OCOOEHHOCTH CBUIIETEJILCTBYET O CHUXKEHUH 3(h(HEKTUBHOCTH MMMYHHBIX PeaKIIMii MOHOIIMTAp-
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HOTO 3B€Ha IMpU aJeHOKapLIMHOME XKeJIyJaKa y>Ke Ha paHHUX CTaausIX 3a00JieBaHUSI U MOTYT MCITOJIb30BaThCs
IUTST BBISIBJICHUSI paHHUX MPU3HAKOB MMMYHHBIX HapyIICHUI U ONTUMMU3AIINN TePaIIeBTUUCCKUX ITOIXOI0B
MpU TaHHOM 3a00JIEBAHUMU.

Karouesvle cro6a: adeHOKapuyuHoMa xcenyoka, MOHOUUMbL, XeMUNOMUHECUCHMHAS AKMUGHOCHb, UMMYHUMEM, UMMYHOOeuuum,
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FUNCTIONAL ACTIVITY OF THE MONOCYTE IMMUNE LINK
IN GASTRIC ADENOCARCINOMA
Smirnova 0.V, Ovcharenko E.S.

Research Institute of Medical Problems of the North, Krasnoyarsk Science Center, Siberian Branch, Russian Academy
of Sciences, Krasnoyarsk, Russian Federation

Abstract. Stomach cancer is in the top ten in terms of prevalence and ranks 4™ in terms of causes of death
worldwide. The most common and most aggressive variant of gastric cancer is adenocarcinoma. The monocytic
link of immunity provides the main line of the body’s fight against malignant cells, while in patients with
adenocarcinoma it is insufficiently studied. The purpose of the study was to evaluate the functional activity of
monocytes in patients with gastric adenocarcinoma at different stages of the disease.

Individuals (n=164) were examined, among whom 85 were diagnosed with stage I-IV stomach
adenocarcinoma. The study also involved 79 apparently healthy donors. The functional activity and oxygen-
dependent phagocytosis of monocytes were assessed by the chemiluminescent method. Luminol was used as a
chemiluminescence inducer. The respiratory burst was activated with opsonized zymosan.

In patients with stomach adenocarcinoma, at rest (spontaneous chemiluminescence), an increase in the
time the curve reached the maximum intensity of chemiluminescence (Tmax = 7957 s), the area under the
chemiluminescence curve (Squr = 0.2 x 10°), the activation index (1.89 c. u.) and a decrease in the maximum
value of chemiluminescence intensity (Imax = 424 c. u.) relative to the control group (Tmax = 5533 s,
Squr=0.011 x 10°, activationindex=0.88 c. u., Imax =424 c. u., p < 0.05) were seen. When chemiluminescence
is induced in patients with stomach adenocarcinoma, a statistically significant predominance of Squr
is fixed (0.46 x 10°, in the control group Squr = 0.031 x 10°). Also, in the group of patients with stomach
adenocarcinoma, monocytic phagocytosis was reduced by more than 2 times (29% vs 84% in the control group,
p < 0.05). When analyzing the studied parameters, depending on the stage of the disease, it was found that the
violation of the chemiluminescent reaction in patients with stomach adenocarcinoma is fixed already at an
early stage. At the same time, in patients with stage IV stomach adenocarcinoma, the indicators of spontaneous
and induced chemiluminescence are more than 2 times different from those in the control group and patients at
stage I of the disease. The identified features indicate a decrease in the effectiveness of immune reactions of the
monocytic link in stomach adenocarcinoma already in the early stages of the disease and can be used to detect
early signs of immune disorders and optimize therapeutic approaches in this disease.

Keywords: gastric adenocarcinoma, monocytes, chemiluminescent activity, immunity, immunodeficiency, macrophages

mortality among oncological diseases. Stomach
cancer has a low survival rate due to late diagnosis,
with survival rates directly correlated with the stage of
the disease. Russia is among the top three countries in
terms of morbidity and mortality for this disease. Also,
for stomach cancer, pronounced regional variability
is characteristic. According to MSROI named after
P.A. Herzen for 2020, the highest percentage of the
prevalence of this disease is recorded in the Central,

Introduction

Oncological diseases remain one of the most
pressing socioeconomic problems worldwide [11].
According to the WHO for 2020, stomach cancer is
among the ten most common and ranks 4th in terms
of causes of death worldwide [12]. And although in
the developed countries of the world there has been
a trend towards a decrease in the incidence of this

pathology, in developing countries, stomach cancer
continues to occupy a leading position in terms of

Volga and Siberian federal districts, while this disease
is least common in the North Caucasian and Far
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Eastern regions. The Krasnoyarsk Territory among
the territories of the Siberian federal district is the
leader in terms of incidence of stomach cancer [7].
Currently, the mechanisms of the pathogenesis of
gastric cancer remain poorly understood. The etiology
of this disease is characterized by multifactoriality,
with special attention being paid to the infection of
the body with Helicobacter pylori, recognized by WHO
as a carcinogen [6]. Adenocarcinoma is the most
common and aggressive type of stomach cancer [1, 4].

The immune system, and primarily phagocytic
leukocytes, provide the body’s main line of defense
against malignant cells. The monocyte is the
most active phagocyte in peripheral blood, with a
phagocytic index approximately 3 times higher than
that of neutrophils. A distinctive feature of monocytes
is their high activity in an acidic environment,
as well as the preservation of viability after the
phagocytization process. Monocytes perform various
functions — cytokine production, pathogen clearance,
antigen presentation, are involved in wound healing
and providing pro- and antitumor response |[2]
chemiluminescent activity. Chemiluminescent ana-
lysis is based on the registration of the emission
of light quanta caused by the production of free
radicals and reactive oxygen species by phagocytic
cells at rest (spontaneous chemiluminescence),
as well as in response to a stimulus or stimulus
(induced chemiluminescence). There are works
in the literature devoted to the chemiluminescent
activity of neutrophils in various malignant diseases,
however, such studies on monocytes in stomach
adenocarcinoma are rare. Given the asymptomatic
nature of the course of stomach cancer in the early
stages, the identification of markers of impaired
immune response, including the phagocytic activity
of monocytes, can expand laboratory capabilities for
detecting this malignant disease during population
screening.

The aim of the study was to evaluate the features
of the functional activity of monocytes in stomach
cancer, depending on the stage of the disease.

Materials and methods

As part of the goal, 164 people were examined, of
which 85 were patients with stomach adenocarcino-
ma (SAC) aged 22-69 years. The control group
consisted of 79 practically healthy donors without
gastroenterological complaints (aged 20-68 years).
Diagnosis of stomach adenocarcinoma was carried
out by oncologists in the Krasnoyarsk regional on-
cological dispensary on the basis of a comprehensive
instrumental and morphological examination. The
study included patients with SAC stages I, I, 111, IV.

The study was conducted with the permission
of the Ethics Committee of the FRC KSC SB RAS
(protocol no. 4 dated 02.08.2019). In working with

the examined patients, the ethical principles required
by article 24 of the Constitution of the Russian
Federation and the Declaration of Helsinki by the
World Medical Association. Each participant signed
an informed consent form for the study confirming
their voluntary participation in the study.

Venous blood for research was taken in the mor-
ning from 8 to 9 o’clock, on an empty stomach,
from the cubital vein, into vacutainer tubes with
sodium heparin solution (5 U/mL). Peripheral blood
monocytes were obtained by the standard method
of adhesion to flat surfaces from mononuclear cells
isolated from heparinized venous blood by ficoll-
urografin density gradient centrifugation (p = 1.077).

The assessment of spontaneous and induced
chemiluminescence of monocytes was carried out
for 90 minutes on a 36-channel CL 3606 chemi-
luminescent analyzer (Russia). The study of oxygen-
dependent phagocytosis of blood monocytes was also
carried out by the chemiluminescent method. The
following characteristics were determined: the time
of appearance of the chemiluminescence intensity
maximum (Tmax), the maximum value of the
chemiluminescence intensity (Imax), and the area
of the chemiluminescence curve (S). Luminol was
used as a chemiluminescence enhancer. Opsonized
zymosan served as the respiratory burst inducer. The
enhancement of chemiluminescence induced by
opsonized zymosan was estimated by the ratio of the
area of induced (S induced) to the area of spontaneous
(S spont.) chemiluminescence and was designated
by the activation index. Statistical data processing
was carried out using the Statistica for Windows 8.0
(StatSoft Inc., USA, 2008) and Microsoft Excel
2007 (Microsoft, USA) application packages. Pro-
cessing of the received data included calculation of
non-parametric data: median (Me) and quartiles
(Qu25-Qy75). Statistical differences between the data
were assessed using the nonparametric Mann—
Whitney U test. The critical level of significance
when testing statistical hypotheses was taken equal to
p <0.05.

Results and discussion

The study of the chemiluminescent activity (CA)
of monocytes will allow us to evaluate the chara-
cteristics of a respiratory burst in a spontaneous
and induced state in stomach adenocarcinoma. It
is believed that the functional activity of phagocytes
depends on CA, the higher the chemiluminescent
activity, the greater the functional ability of the cells.

At the first stage, the chemiluminescent acti-
vity of monocytes was studied in patients with
gastric adenocarcinoma relative to the control group
(Table 1). It was found that the index of maxi-
mum intensity (Imax) during spontaneous chemi-
luminescence is lower compared to the control
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TABLE 1. PARAMETERS OF THE CHEMILUMINESCENT REACTION OF MONOCYTES IN PATIENTS WITH STOMACH
ADENOCARCINOMA (SAC) COMPARED WITH THE CONTROL GROUP, Me (Q, ,5+Q; +:)

Patients with SAC

Control group

Indicator (n = 85) =79}

Imax spontaneous, c. u 424" 486
P S (295.6-614.7) (77.7-690.4)

Tmax spontaneous, s 7957* 5533
P ’ (7313-10465) (3505-9992)

0.2 0.011

Squr spontaneous (x 10°)

(0.140-0.305) (0.006-0.022)

Imax induced, c. u 1183 1395.6
& U (657-1284) (412.9-1637.3)

5496 5485

Tmax induced, s

(5085-5869) (3104-6185)

. 0.46* 0.031
6’
Squr induced (x 10°) (0.39-0.96) (0.01-0.07)
PP 1.89* 0.88
Activation index (0.91-2.07) (0.6-1.3)

--------

Monocytic phagocytosis 29%+5% *

________

Note. *, statistically significant differences between the indices of patients with stomach cancer and the control group (p < 0.001).

TABLE 2. INDICATORS OF SPONTANEOUS AND INDUCED CHEMILUMINESCENT RESPONSE OF MONOCYTES IN PATIENTS
WITH STOMACH ADENOCARCINOMA (SAC) COMPARED WITH THE CONTROL GROUP, Me (Q, ,5-Q, 15)

Control arou SAC SAC SAC SAC
Indicator (n= 799) P | stage Il stage lll stage IV stage
(n=19) (n=22) (n = 24) (n = 20)
1 2 3 4 5
486.8 454 425 390 362
Imax (77.7-690.4) (342-597) (296-615) (305-506) (280-477)
spontan., c. u.
p.s < 0.05
5523 6401 7951 9057 9285
Tmax (3505-9992) (6355-10060) (7313-10465) (7678-11263) (7569-11406)
spontan., s 5<0.001
P, < 0.001 P.s < 0.001 P4 < 0.001 p‘;; < 0.05
0.01 0.12 0.20 0.29 0.33
Squr spontan. | (0.006-0.022) (0.099-0.240) (0.14-0.30) (0.20-0.34) (0.21-0.37)
(x 10) 5<0.05
P1, < 0.001 P15 < 0.001 D, < 0.001 p‘?:< 0.001
Imax 1375.6 1077 1173 1186 1181
induced, c. u. (412.0-1637.3) (819-1202) (657-1284) (1101-1324) (956-1425)
Tmax 5385 5584 5436 5768 5850
induced, s (3104-6185) (5499-6977) (5085-5869) (5288-6497) (5070-6719)
0.03 0.34 0.44 0.69 0.72
Squr induced (0.01-0.07) (0.29-0.38) (0.39-0.95) (0.6-0.7) (0.66-0.77)
(x 109) <0.001
p., < 0.001 p.s < 0.001 P, < 0.001 g;: 005
o 0.86 1.7 1.79 2.0 2.4
Activation (0.6-1.3) (1.4-2.2) (0.90-2.06) (1.90-2.27) (2.0-2.6)
index, c. u.
p., <0.001 p.s < 0.001 p.. < 0.001 P.s < 0.001
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group, which characterizes the low functionality of
monofilaments in SAC. The time for the appearance
of the spontaneous chemiluminescence maximum
(Tmax) in patients with stomach adenocarcinoma
is higher than in the control group, which indicates
a prolongation of the time required for monocyte
activation. The area under the curve of spontaneous
and induced chemiluminescence (CL), as well as
the activation index, were also increased in patients
with SAC relative to the control. When studying the
phagocytic activity of monocytes in patients with
stomach adenocarcinoma, a decrease in the number
of functionally mature phagocytic cells relative to the
control group was recorded (Table 1).

In the second stage, the indicators of the
chemiluminescent activity of monocytes in patients
with stomach adenocarcinoma depending on the
stage of the disease were studied (Table 2). The index
of maximum intensity (Imax) in spontaneous CL of
monocytes decreased in proportion to the stage of
the disease, reaching statistical significance in stage
IV of SAC relative to the control group. The Tmax of
spontaneous CL, Squr of spontaneous and induced
CL, as well as the monocyte activation index, on
the contrary, progressively increased from stage I to
stage IV of stomach adenocarcinoma, exceeding the
control group by more than two times at the last stage
(p < 0.05). Statistical differences between the studied
parameters between I and IV stages of SAC were also
revealed (p < 0.05) (Table 2).

The development of stomach adenocarcinoma is
promoted by many etiological factors, accompanied
by the development of inflammatory and atrophic
changes in the gastric mucosa [3, 6, 8]. The literature
presents studies of the state of the immune system in
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Conclusion

The study made it possible to identify pronounced
dysfunctions of the monocytic link of the immune
systems in stomach adenocarcinoma already in the
early stages of the disease. The syndrome of immune
deficiency in tumor diseases is a nonspecific and
universal link in the pathological process, which is
once again confirmed by our results. Therefore, signs
of immune deficiency in the presence of symptoms
of gastric pathology increase the likelihood of dete-
cting stomach cancer at an early stage. Given the high
prevalence and significance of this disease, a study to
identify the pathogenetic mechanisms of the forma-
tion and progression of stomach adenocarcinoma can
contribute to the expansion of diagnostic approaches
and optimization of therapeutic treatment.

1. Brenner H., Rothenbacher D., Arndt V. Epidemiology of stomach cancer. Methods Mol. Biol., 2009, Vol. 472,

pp. 467-477.

2. Cane S., Ugel S., Trovato R., Marigo ., de Sanctis F,, Sartoris S., Bronte V. The endless saga of monocyte
diversity. Front. Immunol, 2019, Vol. 10, 1786. doi: 10.3389/fimmu.2019.01786.

3. Jakubik J.A., Kotodziejczyk-Czepas J., Kedzierska M., Kaczmarek M., Nowak P., Potemski P, Jeziorski A.
A preliminary evaluation of oxidative stress in patients with gastric cancer before chemotherapy. Arch. Med. Sci.,

2021 Vol. 18, no. 2, pp. 440-447.

4. KharnasS.S., Levkin V.V,, Musaev G.Kh. Stomach cancer (clinic, diagnosis, treatment). Moscow, 2006. 84 p.
(In Russ.) Available at: https://www.sechenov.ru/upload/iblock/615/615elea7f62e60dee6c6a766a0821a06.pdf.

5. Kronsteiner B., Bassaganya-Riera J., Philipson C., Viladomiu M., Carbo A., Abedi V., Hontecillas R. Systems-
wide analyses of mucosal immune responses to Helicobacter pylori at the interface between pathogenicity and

symbiosis. Gut Microbes, 2016, Vol. 7, no. 1, pp. 3-21.

6. Machlowska J., Baj J., Sitarz M., Maciejewski R., Sitarz R.. Gastric cancer: Epidemiology, risk factors,
classification, genomic characteristics and treatment strategies. Int. J. Mol. Sci., 2020, Vol. 21, no. 11, 4012.

doi: 10.3390/ijms21114012.

7. Malignant neoplasms in Russia in 2020 (morbidity and mortality). Ed. A.D. Kaprina, V.V. Starinsky,
A.O. Shahzadova. Moscow: P. Herzen Moscow Research Institute of Oncology, 2021. 252 p. (In Russ.)

8. Poorolajal J., Moradi L., Mohammadi Y., Cheraghi Z., Gohari-Ensaf F. Risk factors for stomach cancer: a
systematic review and meta-analysis. Epidemiol. Health, 2020, Vol. 42, pp. e2020004. doi: 10.4178/epih.e2020004.

1121



Cmupnoea O.B., Osuapenxo E.C.
Smirnova O.V., Ovcharenko E.S.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

9. Smirnova O.V,, Tsukanov V.V., Modestov A.A., Sinyakov A.A., Moskalenko O.L., Elmanova N.G,
Ovcharenko E.S., Titova N.M. Interim assessment of the results of a clinical study of the regularities of changes
in the patterns of lipid peroxidation - antioxidant defense in stomach cancer. Pharmateca, 2019, Vol. 26, no. 12,
pp. 50-55. (In Russ.)

10. Smirnova O.V,, Sinyakov A. A. Influence of Helicobacter pylori on cytokine regulation in chronic atrophic
gastritis. Russian Journal of Infection and Immunity, 2020, Vol. 10, no. 1, pp. 187-192. (In Russ.) doi: 0.15789/2220-
7619-10H-1167.

11. Torre L.A., Siegel R.L., Ward E.M., Jemal A. Global cancer incidence and mortality rates and trends - an
update. Cancer Epidemiol. Biomarkers, 2016, Vol. 25, no. 1, pp. 16-27.

12. World Health Organization. Cancer. Available at: https://www.who.int/ru/news-room/fact-sheets/detail/

cancer.

ABTOpBI:

Cmupnosa O.B. — 0.m.1., npogheccop, 3a6edyrouias
snabopamopueil Kaunuueckoil namogusuonoeuu, Hayuno-
uccne008amenbCKuil UHCmumym mMeouyuHcKux npoonem
Cesepa — o60cobnennoe noopazoenerue PIbHY
«@edepanvhutii uccredosamenvcruii yenmp “Kpacrnospcxuil
Hayunbiil yenmp Cubupckoeo omdenenus Poccutickoil
axkademuu Hayk ”», e. Kpacuosapck, Poccus

Osuapenxo E.C. — k.0.H., cmapuiuii Hay4Hblll COMPYOHUK
aabopamopuu KauHuveckoi namogusuonroeuu, Hayuno-
uUccned08amenbeKuil UHCMumym mMeOUyUHCKUX npoorem
Cegepa — o6ocobnennoe noopazdenenue PIbHY
«Dedepanvruiii uccaredosamenvekuii yermp “Kpacrospcxuii
Hayunstii yenmp Cubupckoeo omoenenus: Poccutickoil
axkademuu Hayk "», e. Kpacnosapck, Poccusa

Authors:

Smirnova O.V., PhD, M D (Medicine), Professor, Head,
Laboratory of Clinical Pathophysiology, Research Institute

of Medical Problems of the North, Krasnoyarsk Science Center,
Siberian Branch, Russian Academy of Sciences, Krasnoyarsk,
Russian Federation

Ovcharenko E.S., PhD (Biology), Senior Research Associate,
Laboratory of Clinical Pathophysiology, Research Institute

of Medical Problems of the North, Krasnoyarsk Science Center,
Siberian Branch, Russian Academy of Sciences, Krasnoyarsk,
Russian Federation

THlocmynuna 03.04.2023
ITlpunama k newamu 05.04.2023

Received 03.04.2023
Accepted 05.04.2023

1122



