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ABSTRACT
Background: Most researchers point to a decrease in immunity indicators in patients with gastric
cancer. At the same time, there are ambiguous interactions between tumor growth and the func-
tioning of the immune system. Identifying gastric cancer patients at an early and curable stage
of the disease is essential if the mortality rates for this disease are to decrease. The only way to
prevent the development of gastric cancer is the potential reversibility of precancerous changes in
the gastric mucosa. The early diagnosis of chronic atrophic gastritis is a preventive measure and it
should be carried out in both the presence and absence of the symptoms of dyspepsia. Methods:
A total of 299 blood sampleswere collected, inclusive of 98 gastric cancer patients, 104 healthy con-
trols, and 97 patients with chronic atrophic gastritis. An evaluation of spontaneous and induced
chemiluminescence (CL) was carried out for 90 minutes using a 36-channel biochemiluminome-
ter "BLM — 3607" (Russia), and an Olympus fluorescence microscope was used for cell counting.
Interpretation & conclusions: Our study showed the significance of the parameters, specifically
the maximum intensity of spontaneous (Ispont) and induced chemiluminescence (Iindus) of the
neutrophils andmonocytes, the indices of granulocytic andmonocytic phagocytosis, malondialde-
hyde (MDA), and the ratio of the activity of the enzyme superoxide dismutase to glutathione / CAT
ratio superoxide dismutase to glutathione peroxidase (SOD / GPO) in the diagnosis of early gastric
cancer. Using the threshold values of the proposed criteria in the screening of the adult population,
it is possible to form a group that is at a high risk of developing early gastric cancer and to achieve a
decrease in the mortality and disability rates in the population of Siberia. This is as well as allowing
for the choosing of a more personalized therapy for the patients at a high risk of developing early
gastric cancer.
Key words: Adenocarcinoma, chemiluminescent activity, chronic atrophic gastritis, early cancer,
early diagnosis, enzyme activity, monocytes

INTRODUCTION
Gastric cancer (stomach cancer) is the most common
malignant neoplasm of this organ1,2. Although the
incidence of stomach cancer is declining, it is the fifth
most common malignant neoplasm worldwide. In
2012, 952,000 new cases and 723,000 deaths were di-
agnosed3,4. Among the oncological diseases leading
to death, gastric cancer is in second place5,6. Ade-
nocarcinoma of the stomach tends to develop in any
part of the stomach and spread to other organs, es-
pecially the esophagus, lungs, and liver. Metastases
occur in 80 — 90% of patients with gastric cancer7,
and the six-month survival rate is present in 65% of
cases where there is the early diagnosis of the disease
and less than 15% in the later stages of the process.
On average, the highest survival rate for stomach can-
cer is in Japan at 53%8. It does not exceed 15 — 20%
in other countries. This disease is more often diag-
nosed in middle-aged men. In the early stages, the

disease is asymptomatic. The primary diagnosis re-
veals a tumor in the 3 – 4 stages of development9,10. It
is also believed that Helicobacter pylori infection trig-
gers a reaction chain leading to chronic atrophic gas-
tritis (CAG) and a further degeneration into stomach
cancer11,12. It is considered to be statistically proven
that those infected with this bacterium have a signifi-
cantly higher risk of developing stomach cancer13,14.
The only way to prevent the development of gastric
cancer is due to the potential reversibility of the pre-
cancerous changes in the gastric mucosa. The early
diagnosis of chronic atrophic gastritis is a preventive
measure and should be carried out both in the pres-
ence and absence of symptoms of dyspepsia15,16. The
screening test should be highly effective while being
safe and convenient for patients17.
In this regard, the purpose of our workwas to evaluate
the clinical-anamnestic, serological, immunological,
and biochemical tests used for the early diagnosis of
gastric cancer associated with Helicobacter pylori in-
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fection in the adult population of Siberia.

METHODS
This study was carried out with the permission of
the Ethics Committee of the Research Institute in the
Ministry of Health of the Federal Research Center of
the KSC of the SB RAS, as well as with the permis-
sion of the Ethics Committee of the Krasnoyarsk Re-
gional Clinical Oncological Dispensary named after
A.I. Kryzhanovsky. This study included middle-aged
patients (45 to 59 years old with a mean age 53 ±
5.7). All patients had complaints of epigastric pain
and/or dyspepsia. In addition, all patients had a his-
tory of stomach diseases (chronic gastritis and gas-
tric ulcers). The clinical examination of the men with
chronic atrophic gastritis was carried out in the thera-
peutic department of the Scientific Research Institute
of theMinistry ofHealth of the Federal ResearchCen-
ter of the KSC SB RAS. The clinical examination of
the patients with stomach cancer was carried out in
the Krasnoyarsk Regional Clinical Oncological Dis-
pensary named after the Kryzhanovsky Department
of Oncoabdominal Surgery named after N.A. Ryko-
vanov.
The control group consisted of 104 practically healthy
middle-aged blood donors (48.7 ± 3.9 years) with-
out gastroenterological complaints and a gastroen-
terological history without changes in the coolant.
This study did not include patients with HIV infec-
tion, hepatitis, tuberculosis, gastric ulcer, and either
concomitant acute or chronic diseases in the exacer-
bation phase. This study also did not include patients
who refused to participate in a scientific study. The
comparison group included 97 patients with chronic
atrophic gastritis (47.2 ± 4.9 years). The diagnosis
was made by a gastroenterologist during an exami-
nation for the first time based on the epidemiological
and clinical data. This was confirmed by a serological
examination of the pepsinogens using an ELISA and
the atrophic changes in the mucous membrane of the
greater and lesser curvature of the stomach body us-
ing the modified Sydney classification for fibroesoph-
agogastroduodenoscopy. The exclusion criteria were
similar to those for the control group.
The group of patients with early gastric cancer con-
sisted of 98 patients in the initial stages of the disease.
The average age of the patients with gastric cancer ad-
mitted to the department was 49.2 ± 4.9 years. The
diagnosis wasmade based on the clinical, anamnestic,
laboratory, and instrumental data by an oncologist. In
all groups, the presence ofH. pyloriwas detected using
an ELISA by determining the titer of specific antibod-
ies in relation to theH. pyloriCagA antigen. Antibody

titers of 30 EIU or more were considered to be a pos-
itive result and those that were less than 30 EIU were
considered to be a negative result for H. pylori18.
An evaluation using spontaneous and induced chemi-
luminescence (CL) was carried out for 90 minutes
using a 36-channel biochemiluminometer ”BLM —
3607” (Russia) while anOlympus fluorescencemicro-
scope was used for cell counting. The time taken to
reach the maximum (Tmax), maximum value (Imax)
of CL, and the area of the curve (S) were determined.
To enhance the chemiluminescence, an activator, lu-
minol, was used. Zymosan was used as an inducer.
Phagocytosis was assessed using a Beckman Coulter
cytomyc FC 500 flow cytometer.
To study the processes of lipid peroxidation and
the factors of the antioxidant defense system (LPO-
AOD), the concentrations of primary (diene conju-
gates) and final (malonic dialdehyde) lipid peroxida-
tion products formed in the various stages of the free
radical chain reaction were studied. The AOD ac-
tivity was judged by the content of its main compo-
nents (superoxide dismutase, catalase, glutathione S-
transferase, glutathione peroxidase, and ceruloplas-
min). A Varyan Cary Eclipse spectrofluorimeter was
used to study the LPO-AOD system.
Based on the results of this research, a database was
formed using the MS Excel spreadsheet package. Sta-
tistical data processing was carried out using the Sta-
tistica 10.0 software package (StatSoft, USA). The
analysis of the correspondence between the distribu-
tion type of feature and the law of normal distribu-
tion was carried out using the Shapiro — Wilk test.
When describing the sample, the median (Me) and
interquartile range of the percentiles (C25 — C75)
was calculated. The significance of the differences be-
tween the indices of the independent samples was as-
sessed using the Mann —Whitney test (p < 0.05).

RESULTS
During the screening study, it was found that all pa-
tients with early gastric cancer over the age of 45 had
complaints of pain in the epigastric region and/or
dyspepsia, and a history of stomach diseases such
as chronic atrophic gastritis, gastric ulcer, stomach
polyps, etc. (p < 0.05) The serological diagnostics of
patients with early gastric cancer revealed contamina-
tion withHelicobacter pylori bacteria in 100% of cases
(p < 0.05), a decrease in the PGI level of less than 25
µg/l, and a PGI/PGII ratio of less than three in most
cases (p < 0.05). Half of the patients had dysplasia of
the gastric mucosa (p < 0.05).
In the study of the phagocytic link in healthy blood
donors, patients with chronic atrophic gastritis, and
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Table 1: Diagnostics of early gastric cancer associated with Helicobacter pylori infection

Indicators Control group
N = 104

Patients with CAG
N= 97

Patients with GC
N= 98

Ispont (neutrophils) c.u. 19133
[3054 - 27134]

22083
[3047 - 41528]

17825
[15789 - 17831]

p1−2 = 0.03 p1−3 = 0.03; p 2−3 = 0.03

Iindust (neutrophils) c.u. 34940
[10488 - 41588]

50231
[21341 - 71041]

24987
[17345 - 30000]

p1−2 = 0.02 p1−3 = 0.04; p2−3 = 0.04

Granulocytic phagocytosis 75%± 5% 56%± 7% 30%± 6%

p1−2 = 0.02 p1−3 = 0.01; p2−3 = 0.03

Ispont (monocytes) ) c.u. 2631
[1100 - 3143]

5123
[5732 - 13456]

419
[276 - 454]

p1−2 = 0.02 p1−3 = 0.01; p2−3 = 0.01

Iinduce (monocytes) c.u. 7983
[4789 - 11345]

11985
[8932 - 16789]

962
[785 - 1186]

p1−2 = 0.03 p1−3 = 0.001; p2−3 = 0.003

Monocytic phagocytosis 83%± 7% 58%± 9% 29%± 5%

p1−2 = 0.03 p1−3 = 0.001; p2−3 = 0.003

Note: p1−2 : statistically significant differences between the group of CAG patients and the control group, p1−3 : statistically significant dif-
ferences between the group of patients with GC and the control group, p2−3 : statistically significant differences between the group of patients
with CAG and the group of patients with GC.

stomach cancer, the following regularities were re-
vealed. When studying the maximum intensity of
spontaneous and induced chemiluminescence (CL) of
the neutrophils in the patients with chronic atrophic
gastritis, this indicator increased relative to the con-
trol group and the group of patients with early gastric
cancer (p1−2 = 0.03; p1−3 = 0.03) (Table 1). In pa-
tients with early gastric cancer, there was a decrease
in the maximum intensity of the spontaneous and
induced chemiluminescence (CL) of the neutrophils
relative to the control group (p2−3 = 0.03; p2−3 =
0.04). When studying the phagocytic activity of the
neutrophilic granulocytes in patients with chronic at-
rophic gastritis and early gastric cancer, there was a
decrease in the number of phagocytic neutrophils rel-
ative to the control group.
When studying the phagocytic link of immunity, it
was found that all patients with early gastric can-
cer were diagnosed with having the indicators of the
maximum intensity of spontaneous CL of neutrophils
from 17831 c.u. and below, andwith inducedCL from
30,000 c.u. and below. The phagocytic activity of the
neutrophilic granulocytes in patients with early gas-
tric cancer was 36% and lower.
When studying the maximum intensity of the spon-
taneous and induced chemiluminescence (CL) of the

monocytes in patients with chronic atrophic gastri-
tis, this indicator increased compared to the control
group and early gastric cancer (p1−2 = 0.02; p1−3 =
0.01). In early gastric cancer, there was a decrease
in the maximum intensity of the spontaneous and in-
duced chemiluminescence (CL) of themonocytes rel-
ative to the control group (p2−3 = 0.01; p2−3 = 0.003).
When studying the phagocytic activity of the mono-
cytes in patients with chronic atrophic gastritis and
stomach cancer, there was a decrease in the number
of phagocyticmonocytes relative to the control group.
When studying the indicators of themonocytes, it was
found that where there was a decrease in spontaneous
CL from 454 c.u. and below, induced byCL from 1186
c.u. or lower in the patients in our study, early gastric
cancer was diagnosed. The phagocytic activity of the
monocytes in early gastric cancer was 34% and lower.
The study revealed a decrease in the effectiveness of
the immune response of the non-specific link to im-
munity in early gastric cancer.
In the study of lipid peroxidation and the antioxi-
dant defense in patients with chronic atrophic gastri-
tis and stomach cancer, an increase in malondialde-
hyde (MDA) was found in comparison with the con-
trol group (p1−2 = 0.03; p1−3 = 0.001; p2−3 = 0.001)
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Table 2: Diagnostics of early gastric cancer associated with Helicobacter pylori infection

Indicators Control group
N = 104

Patients with CAG
N= 97

Patients with GC
N= 98

MDA µmol/1 g protein 1.6
[0.96 - 2.24]

5.35
[4.1 - 15.3]

64.7
[45.3 - 135.3]

p1−2 = 0.03 p1−3 = 0.001; p2−3 = 0.001

SOD u/min/1 g protein 204.41
[151.05 - 250.3]

243.4
[161 - 269.8]

286.1
[195.4 - 290.5]

CAT µmol/s/1 g
protein

115,4
[0.16 - 0.49]

95.3
[0.1 - 0.31]

63.6
[41.2 - 68.3]

p1−3 = 0,001; p2−3 = 0.001

GPO µmol/s/1 g
protein

49.1
[81.19 - 162.38]

74.1
[70.1 - 104.05]

68.1
[61.6 - 70.3]

p1−2 = 0.04 p1−3 = 0.001; p2−3 = 0.001

SOD/CAT 1.77≤ 2.55± 1.25 4.25≥

p1−2 = 0.04 p1−3 = 0.001; p2−3 = 0.03

SOD/GPO ≥ 4.15 3.28± 0.42 2.8≤

p1−2 = 0.01 p1−3 = 0.001; p2−3 = 0.04

Note: p1−2 : statistically significant differences between the group of CAG patients and the control group, p1−3 : statistically significant dif-
ferences between the group of patients with GC and the control group, p2−3 : statistically significant differences between the group of patients
with CAG and the group of patients with GC.

(Table 2). In the patients with gastric cancer, there
was a decrease in the enzyme catalase (CAT) activity
compared with the group of patients with chronic at-
rophic gastritis and the control group (p1−3 = 0.001;
p2−3 = 0.001). In the patients with chronic atrophic
gastritis, there was a decrease in glutathione peroxi-
dase (GPO) compared with the control group (p1−2 =
0.04). In the patients with early gastric cancer, an in-
crease in the activity of the GPO enzyme was found
relative to the control group and patients with chronic
atrophic gastritis.
We have proposed coefficients for assessing the fac-
tors of the AOD system in patients, specifically the
ratio of the activity of the enzyme superoxide dismu-
tase to catalase (SOD/CAT) and the ratio of the activ-
ity of the enzyme superoxide dismutase to glutathione
peroxidase (SOD/GPO).The proposed ratio of the ac-
tivity of the enzyme superoxide dismutase to catalase
(SOD/CAT)was 4.25 c.u. and it was higher in patients
with early gastric cancer. The ratio of the activity of
the enzyme superoxide dismutase to glutathione per-
oxidase (SOD/GPO) showed a value of 2.8 c.u. and it
was lower in patients with early gastric cancer.
All of the threshold values for the maximum intensity
of spontaneous (Ispont) and induced chemilumines-
cence (Iinduce) of the neutrophils andmonocytes, the

indices of granulocytic and monocytic phagocytosis,
malondialdehyde (MDA), and the ratio of the activ-
ity of the enzyme superoxide dismutase to glutathione
peroxidase (SOD / SOD GPO) were obtained empiri-
cally based on the analysis of the levels of the studied
parameters in the patients with chronic atrophic gas-
tritis and early gastric cancer relative to the control
group.
Ispont (neutrophils) – 17825 c.u. and less OR = 3.2
(95% CI = 1.27 - 27.3, p1−2 = 0.001)
Ispont (monocytes)—419 c.u. and lessOR=2.2 (95%
CI = 2.34 – 19.8, p1−2 = 0.0013)
Iindust (neutrophils) - 24987 c.u and less OR = 1.7
(95% CI = 2.5 - 12.6, p1−2 = 0.0045)
Iinduce (monocytes) — 962 c.u and less OR = 4.3
(95% CI = 4.6 – 15.3, p1−2 = 0.008)
MDA -45.3 µmol / 1 g of protein or more OR = 5.1
(95% CI = 1.72 – 53.3, p1−2 = 0.0017)
SOD / CAT— 4.25 or more OR = 1.9 (95% CI = 2.57
– 9.12, p1−2 = 0.005)
SOD / GPO—2.8 and belowOR = 2.2 (95%CI = 0.72
– 0.93, p1−2 = 0.0023)
Age (49-75 years) OR = 3 (95% CI = 2.1 – 12.0, p1−2
= 0.001)
The presence of concomitant diseases OR = 4.2 (95%
CI = 2.5 – 12.3, p1−2 = 0.001)
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DISCUSSION
In patients with early gastric cancer, the revealed
changes are probably associated with infection byHe-
licobacter pylori and its effect on the gastricmucosa19.
By producing many enzymes for its metabolism, the
microorganism launches histodestructive processes
in the gastric mucosa, proving its virulence and car-
cinogenicity. The pathogenicity of Helicobacter pylori
is due to its low susceptibility to antibiotic therapy 20.
An ineffective immune response retains Helicobacter
pylori in the gastric mucosa21.
In the study of lipid peroxidation and the antioxi-
dant defense in patients with chronic atrophic gastri-
tis and stomach cancer, an increase in malondialde-
hyde (MDA) was found. In patients with gastric can-
cer, there was a decrease in the activity of the enzyme
catalase (CAT). In patients with chronic atrophic gas-
tritis, there was a decrease in glutathione peroxidase
(GPO). In patients with early gastric cancer, an in-
crease in the activity of the GPO enzyme was found
relative to the control group and patients with chronic
atrophic gastritis.
The proposed ratio of the activity of the enzyme su-
peroxide dismutase to catalase (SOD/CAT) was 4.25
c.u. and it was higher in patients with early gastric
cancer, which indicates the high activity of the en-
zyme superoxide dismutase and a decrease in the ac-
tivity of the enzyme catalase as the disease progresses.
The peroxides remaining in the superoxide dismutase
reaction are not inactivated by an insufficient amount
of catalase and they have a toxic and destructive ef-
fect on enterocytes of the gastric mucosa22. The ra-
tio of the activity of the enzyme superoxide dismu-
tase to glutathione peroxidase (SOD/GPO) showed a
value of 2.8 c.u. and it was lower in patients with early
gastric cancer. This indicates high activity for both
enzymes, superoxide dismutase and glutathione per-
oxidase. The high activity of glutathione peroxidase,
on the one hand, is probably due to an increase in the
toxic manifestations from the tumor. On the other
hand, a number of authors note the high activity of
this enzyme alongside an increase in tumor resistance
to chemotherapy 23.

CONCLUSIONS
Our study has shown the significance of the follow-
ing parameters: the maximum intensity of sponta-
neous (Ispont) and induced chemiluminescence (Iin-
dus) of the neutrophils and monocytes, the indicators
of granulocytic and monocytic phagocytosis, malon-
dialdehyde (MDA), and the ratio of the activity of the

enzyme superoxide dismutase to glutathione/CAT ra-
tio superoxide dismutase to glutathione peroxidase
(SOD/GPO) in the diagnosis of early gastric cancer.
Using the threshold values of the proposed criteria in
the screening of the adult population, it is possible to
form a group of people who are at a high risk of de-
veloping early gastric cancer. This can help to achieve
a decrease in the mortality and disability rates in the
population of Siberia, as well as allowing formore per-
sonalized therapy for the patients at a high risk of de-
veloping early gastric cancer.

ABBREVIATIONS
CAG: chronic atrophic gastritis; CAT: catalase;
CL: chemiluminescence; GPO: glutathione peroxi-
dase; LPO: AOD system-antioxidant defense system;
MDA: malondialdehyde; SOD: superoxide dismutase
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