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Abstract

The research of degree of incidence of genomic changes (of micronuclei) in mucous cells of gastric
superficial-foveolar epithelium in contaminated and not contaminated mucous of stomach was
made. Histopathological research of micronuclei and helicobacter was made in gastric biopsy spe-
cimen of patients with diagnosis-chronical gastritis (ICD-10K29.3) in group of patients who lived
in radiation contaminated areas and in groups of people, who had no factors of radiation influence
in anamnesis. People, who lived in the radiation contaminated areas, whose mucous was infected
by Helicobacter pylori, had the highest frequency of mucous cells with micronuclei. In the group of
patients from radiation contaminated areas with HP-associated gastritis frequency of appearance
of mucous cells with micronucleus in the mucous of stomach have five time more, than patients,
whose mucous of stomach was not infected (p < 0.001). Therefore, we can suggest, that Helicobac-
ter pylori can success in mutagenic effect of radiation factor.
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1. Introduction

As the present time is proved, that epithelial cells of the stomach mucous, that infected by Helicobacter pylori,
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are more sensitive to other damaged agents, than not infected cells [1] [2], and Helicobacter pylori is acknowl-
edged as carcinogen (WHO). Risks of malignant changes of somatic cells are increased with radiation effect
from outside environment. In reference with the above, we can expect the increase of frequency of genome dis-
order in stomach mucous cell in population of people who have both risk factors, named above: inhabitancy and
feeding in the radiation contaminated areas with intragastric HP infection.

At the present time, micronucleus test is used for quantitative ratings of genome disorder in epithelial cells of
gastrointestinal tract (GIT) [3]. Micronuclei appears during cell division from chromosome material, which lost
contact with cleavage spindle. They include chromatin of acentric fragment or full chromosome (chromatid). De-
gree of incidence of cells with micronuclei can indicate the incidence of appearance of cells with changed karyo-
type. Micronucleus test allow us to rate cytological instability in cell population in vivo, and also in population
of epithelial cells of GIT [4]-[6]. Usually, micronucleus test is made in cell populations in cell smears, but it can
be also done in the histological section [1] [5]-[10]. So, for example, Japanese scientists in 2013 (Ohyama W and
others, 2013) made research about carcinogen instability of stomach and colon mucous cells (based on micronuc-
leus test) after single dose of carcinogen per os (N-nitroso-N-methylurea, N-methyl-N-nitro-M-nitrosoguanidine)
[3]. In this research it was shown, that after a single dose of carcinogen (N-nitroso-N-methylurea, N-methyl-N-
nitro-M-nitrosoguanidine) frequency of micronuclei in rats mucous of stomach was evidentially increased. In
the conclusion of this research was made the assumption, that micronucleus test can be used in histological sec-
tion of gastric biopsy specimen for value of cytological instability of mucous cells of GIT.

We had the archive of paraffin blocks of gastric biopsy specimen, which was received after fibrogastroduo-
denoscopy of 2686 patients, who were investigated and treated in Choiniki central district hospital in 1988-1993
(Choiniki, Gomel region, Republic of Belarus). As a reminder, in 1986, 30 km from this area was Chernobyl ac-
cident. When we received these histological sections from these blocks, we made retrospective research of de-
gree of incidence of micronuclei in mucous cells of gastric superficial-foveolar epithelium at the same time as
micronucleus test—immunohistochemical test of Helicobacter pylori.

In this research, we show the results of investigation, using micronucleus test, of genome instability in cell
population of mucous cells of stomach mucous of people who live in radiation contaminated areas with HP-asso-
ciated diseases of GIT and people with GIT diseases, but without HP infected mucous of stomach mucous.

The protocol for the research project was approved by the appropriate ethics committee at a meeting The Ni-
kiforov Russian Center of Emergency and Radiation Medicine EMERCOM as appropriate ethical standards.

2. Materials and Method

There were made 586 fibrogastroduodenoscopy and evaluated results of 2682 patients, who were investigated
and treated in Choiniki central district hospital in 1988-1993 (Choiniki, Gomel region, Republic of Belarus).
Contamination density in this area, after Chernobyl accident was, as for *¥'Cs (7.67 + 0.12) Ci/km? as for *Sr
(1.15 + 0.01) Ci/km? gamma-ray background of the area (45.9 + 0.7) mcR/h.

The research was made in two groups of patients, who have histological chronical gastritis with low grade in-
flammation. After fibrogastroduodenoscopy 118 patients, were found with chronical gastritis with low grade in-
flammation in Belarus and in Saint Petersburg. Group 1 included 50 people (including 22 men and 28 women)
who are permanent residents in Choiniki’s region (since Chernobyl accident) and who were investigated and
treated in Choiniki central district hospital in 1988-1993 (Choiniki, Homel region, Republic of Belarus). The
average age of the cohort of men surveyed in 1988-1993 was 30.3 years, and women—32.3 years. Group 2 in-
cluded 68 patients (including 36 women and 32 men), who lives in Saint-Petersburg and were investigated and
treated in The Federal State Budgetary Institute “The Nikiforov Russian Center of Emergency and Radiation
Medicine” in 2011, and who had no radiation effects in anamnesis, excluding only medical diagnostic procedure.
The average age of men in this group was 54.2, and women—>54.3 years. These two groups were also shared,
according to Helicobacter pylori content of stomach mucous. Subset of Helicobacter pylori-negative patients
from radiation contaminated areas (“1A”) included 28 patients, Helicobacter pylori-positive (“1B”)—22 pa-
tients. The group from Saint Petersburg was also divided in to 2 subsets: Helicobacter pylori-negative patients
(38 patients), Helicobacter pylori-positive (30 patients) (Table 1).

The method of instrumental diagnostic includes fibrogastroduodenoscopy with biopsy of stomach mucous.
Target biopsy was received from antrum. Biopsy material was fixed in 10% formalin and paraffin-embedded
and put on the mounting slide. Histological sections, that were fixed in spirit: acetone in the ratio 1:1 during 10
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Table 1. Groups of patients with chronical gastritis (According to fibrogastroduodenoscopy).

Number of individuals in subset, who lives in

Chronical gastritis Radiation contaminated areas Saint Petersburg
1A 1B 2A 2B
Not infected mucous of stomach by Helicobacter pylori 28 0 38 0
Infected stomach mucous by Helicobacter pylori 0 22 0 30

min, was dried and inactivated endogenic peroxidase in 1% sodium azide (Merck) for 15 min. than it was
washed twice in double-distilled water and left for 5 min in Tris-buffered saline (pH 7.6).

Before application of preimmune porcine serum, the area for immunohistochemical test was localized by hy-
drophobic pencil (DakoCytomation). After incubation with preimmunic serum (30 min in room air) was laid on
polyclonal rabbits antibody (NCL-HPp, Novocastra), which are directed against antigen of the cell border of
Helicobacter pylori, and then the samples were incubated during 3 hours with temperature +37C. After tagging
by the first antibodies, rhe samples were put into buffers for 5 min twice and then was applicated biotinylated
antibodies (DakoCytomation), which are directed against rabbit’s antibodies. With the second antibodies, sam-
ples were incubated during 15 min in room air. The next step of immunohistochemical procedure, after washing
twice in buffers, was application of system of visualization, which contains avidin and biotinylated peroxidase
of horse-radish (DakoCytomation) for 10 min in room air. As a substrate for immunohistochemical reaction was
used 3,3’-diaminobenzidine (Novocastra). Than samples were stained with haematoxylin.

Analysis of samples was made by immersion lens on microscope LeicaDM 4000 B. To find Helicobacter py-
lori 300 microscope field of view were watched through. The positive result—infection by Helicobacter pylori
was registrate if in 300 microscope field of view were found not less than 5 bacterial cells with species-specific
antigen of Helicobacter pylori. Helicobacter pylori had colors from dark-brown to light-brown.

For research of micronucleus was chose antral mucous, because in this part there are no parietal cells. In cy-
toplasm of these cells there are spheres, which can imitate micronuclei, because of its shape and size and distort
(increase) the result of micronucleus test in histological section. At the present time, it is proved that there is no
significant difference in quantity of mucous cells with micronuclei in the body of stomach and in the antrum [5].
Micronucleus test, as usual, is made in cell population in cell smears, but it can be also done in histological sec-
tion [1].

Calculation of micronuclei in mucous cells of stomach mucous was made in high power field (1000). In each
observation from 2400 to 15,000 mucous cells of stomach mucous were watched. During calculation only cy-
lindrical epithelial cells of gastric pits were counted. Cells in the gland structure were not observed. Mucous
cells were related to cells with micronucleus only with: a) overlaying cells upon each other was not allowed; b)
main nucleus and micronucleus were placed in cytoplasm in the same optical field; c) the character of coloration
of chromatin of micronucleuses was the same or a little bit paler than main nucleus; d) micronuclei had round or
oval shape; e) borders of micronucleuses was clear and apart from the nucleus. Absences of this signs were the
criterion of exclusion calculated micronuclei.

For statistical analysis during the comparing of results of the groups was used t-test and nonparametric Mann-
Whitney U-test.

3. Result and Discussion

In histological section of gastric biopsy specimen from stomach mucous which are stained with haematoxylin
and eosin, micronucleoses in mucous cells of gastric superficial-foveolar epithelium are mostly complained by
color, chromatic gritness and color density with cell’s nucleus, in which it was found (Figure 1). Sizes of mi-
cronuclei were not bigger than 1/4 of nucleus area of the same cell and absolute sizes (diameter) of micronuclei
in the mucous cells are from 2 to 4 mkm. Shape of the micronuclei of the mucous cells was always round or oval.
Micronuclei in the mucous cells was near with the nucleus, mostly in basalic position, or apically. It’s important
to note, that in the section, in which was micronuclei, mucous cells with micronuclei was near, within the
bounds of one pit of surface epithelium. Morphologically, people from radiation contaminated areas, have low
grade signs of swelling of the mucous of antrum, eosinophilic, plasmocytic and lymphocytic infiltration of the
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mucous (Figure 1).

Patient from the 1st group have variation of range of frequency of mucous cells with micrinucleouses was
from 0.00 to 1.04%.. Middle degree of incidence of mucous cells of stomach mucous with micronuclei was
(0.10 £ 0.02)%o. In the 2nd group variation of range was from 0.00 to 0.40%.. Middle degree of incidence of
mucous cells of stomach mucous with micronuclei was (0.02 + 0.008)%. (Figure 2). U-test revealed differ-
ences between degrees of incidence of mucous cells of stomach mucous with micronucleuses between groups
(p <0.01).

Therefore, this data shows significant difference of “frequency of mucous cells of stomach mucous with mi-
cronuclei” between people from radiation contaminated areas and people, who had not any radiative effect in
anamnesis, excluding diagnostic procedures.

Let’s consider the same parameters, but with contamination with Helicobacter pylori. The “1A” subset HP-
negative patients, who live in radiation contaminated areas, frequency of mucous cells with micronuclei was
(0.06 + 0.017)%0. This parameter is significantly different (p < 0.01) from subset “1B” HP-positive patients, who
live in radiation contaminated areas, where frequency of mucous cells with micronuclei was (0.16 + 0.03)%. and
“2A” subset HP-negative patients who live in Saint Petersburg—with the frequency of mucous cells with mi-
cronucleuses is (0.01 £ 0.005)%o. In subset “2B” HP-positive patients, who live in Saint Petersburg—the fre-
quency of mucous cells with micronuclei (0.03 + 0.015)%o, significant difference is not found (p > 0.05) during
comparing with “1A” and “2A” subsets (Figure 3).

Figure 1. Round-shape micronucleus in the cylindrical epi-
thelial cells of the stomach mucous. Colored by haematox-
ylin and eosin. Zooming 1000 (objective 100; ocular 10x).
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Figure 2. Frequency of micronucleated mucocytes (Y-coordinate in
permille) in a mucous membrane of stomach in Group 1 of people
from radiation contaminated areas (1) and in control Group 2 from
Saint-Petersburg (2), excluding contaminated by Helicobacter pylori.
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Figure 3. Frequency of micronucleated mucocytes (Y-coordinate—in permille) in a mucous
membrane of stomach in Grpoup 1 of people from radiation contaminated areas (1) and in
control Group 2 from Saint-Petersburg (2), including contamination by Helicobacter pylori
(B). 1A and 2A—helicobacter-negative persons. 1B and 2B—helicobacter-positive persons.

Evidently, that contamination of the stomach mucous with Helicobacter pylori is accompanied by the in-
creased frequency of mucous cells with cytogenetic disorders (micronuclei) in the antrum of stomach mucous.
The highest level of mucous cells was found in subset “1B” (people from radiation contaminated areas with
HP-positive diseases of GIT), where this parameter was 5 times higher than the same parameter in HP-positive
patients from Saint-Petersburg.

The results of the research can allow us to resume, that increased cytogenetic instability of mucous cells of
this group is caused by increased Helicobacter pylori contamination and constant influence of radiation agent.

It is known, that inflammatory process of any etiology is accompanied by immune reaction. In the focus of
inflammation we can see increased free radical processes, which leads to increased concentration of free radicals
and products of free radical oxidation—superoxide radical O, , hydroxyl radical OH", peroxynitrites ONOO".
Chronical inflammatory processes also accompanied by changes, which lead to markable decrease of oxygen
diffusion to the epithelial cells; increased mutagenic process in epithelial cells is caused by, probably, decreased
expression of reparation gene of DNA during oxygen deficiency [2]. Mutagenic effect from free radicals of
oxygen can be corrected with antioxidant system. But, prolonged colonization by bacterial cells Helicobacter
pylori decreases concentration of different antioxidant compound in stomach. Also, chronic infection by cytole-
thal distending toxin-producing helicobacter may promote malignant transformation, and point to the impair-
ment of cellular control mechanisms associated with the detection and repair of DNA damage as critical events
in the process [11].

Factors, that relate to Chernobyl accident are: social stress; psychological stress, because of absence of sig-
nificant information about effect of radiation on health; changed food ration and life style of citizens; possibility
of incorporation of radionuclide with food; influence of low dosage of external and internal radiation (according
to officially published data—cancerogenic risk of oncological pathology of digestive system of people from
radiation contaminated areas after 10 - 15 years after Chernobyl accident was miniscule and did not exceed the
overall average in Russia.)

Therefore, we can suggest, that Helicobacter pylori potentiate mutagenic effects of radiation factors. As a re-
sult, according to modern concept of cancerogenese, where mutagenic changes cells is the base, patients with
high contamination with Helicobacter pylori and who lives in radiation contaminated areas can be include to the
group of high oncological risk. Also, it is reasonable for people with oncology (thyroid cancer) to do eradication
of Helicobacter pylori before Radioiodine Therapy, when patients take radioiodine per os.

4. Conclusion

The significant difference was revealed between people from radiation contaminated areas and people, who had
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no radiation influence in terms of “frequency of mucous cells in stomach mucous with micronucleuses”. Maxi-
mum frequency of mucous cells with micrinucleuses was found in people from radiation contaminated areas,
whose stomach mucous was infected by Helicobacter pylori. In the group of patients from radiation contami-
nated areas with Helicobacter pylori-associated gastritis frequency of detecting mucous cells with micronuc-
leuses in stomach mucous was 5 times higher, than in the group of patients, whose mucous was not infected by
Helicobacter pylori (p < 0.001). Therefore, we can suggest that Helicobacter pylori potentiate mutagenic effects
of radiation factors. Of course, we recognize that the micronucleus test is the routine method for detecting ge-
nomic instability. However, in the unique gastrobiopsies preserved after Chernobyl, micronucleus test until the
only possible method, which showed that Helicobacter enhances genomic instability in gastric mucocytes in
people, who lived in radiation contaminated areas.
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