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Aim: to assess the composition of the microbiota of the mucous membrane of the body and the antrum of the stomach.
Materials and methods. Sixty patients with dyspeptic symptoms were included into the study. Two biopsy samples
of the gastric mucosa (from the body of the stomach and the antrum) were obtained from each patient. The presence
of H. pylori infection was confirmed by PCR; RNA was isolated and then libraries were prepared for metatranscrip-
tomic analysis of the 16S rRNA gene. Sequencing was performed on MiSeq (lllumina, USA) using MiSeq Reagent Kit
v3 (600-cycle) (lllumina, USA).

Results. The bacterial diversity decreases with the predominance of Helicobacter pylori species in H. pylori-positive
patients. These results were confirmed by the Shannon index, the average value of which was 3.6 in the H. pylo-
ri-positive group and 5.4 in the H. pylori-negative group. In H. pylori-negative patients an increase in the represen-
tation of Streptococcus, Prevotella and Alloprevotella genera was observed. The level of H. pylori contamination
of the gastric mucosa varies in the antrum and body of the stomach, in some cases reaching a 3.5-fold difference.
Representation of other bacteria in the body and antrum of the stomach does not differ significantly.

Conclusion. The bacterial composition of the stomach is dependent on the presence of H. pylori. H. pylori leads
to the decrease of the bacterial diversity with the predominance of H. pylori in gastric microbiome.
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T ®rAOY BO «KaszaHckuii (lpuBomkckuii) penepanbHbiti yauBepcutet», KadaHb, Poccuiickas denepavms

2 dre0y BO «KazaHckuii rocyaapCTBEHHbIV MeAnLMHCKNUIA yHUBepcuTeT» MuHucTepcTBa 34paBooxpaHeHns Poccuiickori
bepepaunn, KazaHb, Poccuiickass Penepavimysi

Llenb uccnepoBaHus: OLLEHUTb COCTaB MUKPOBUOTbI CIM3UCTOM 000JI0HKM TENA 1 aHTPasIbHOro OTAeNa Xenyaka.
Martepuanbl U meToabl. B nccnenoBaHne 6binuv BkOYEHbl 60 NMaumMeHToOB ¢ cuMmnToMamu gucnencum. NpoaHa-
JIN3MPOBAHO NO ABa 00pasua CAmM3ncTom 06004KM XeNyaKa Kaxkaoro naumeHTa — U3 Tena M aHTpasbHOro oTaena.
B nonyyeHHbIx Buontatax onpenensnu Hanuume uHdekummn H. pylori metogom MUP, npoBoannu BelgeneHe PHK
1 MOAroTOBKY BMOBNIMOTEK O MEeTaTPaHCKPUNTOMHOro aHanm3a reHa 16S pPHK. CekBeHMpoBaHME OCYLLECTBISA-
m Ha npubope MiSeq (lllumina, CLUA) ¢ ncnonb3oBaHmem Habopa peareHToB MiSeq Reagent Kit v3 (600-cycle)
(llumina, CLLA).

PesynbraTtbl. B rpynne H. pylori-noNoXUTENbHbIX MAaLMEHTOB BbISBAEHO CHMXEHWE BUOOBOrO pa3HOobpasus
Ha poHe npeobnapaHusa bakTepuii BUaa Helicobacter pylori, 4To OblN0 NOATBEPXAEHO C MOMOLLBIO nHAekca LLleH-
HOHa, CpefHee 3HayeHne KoToporo coctaBuno 3,6 B rpynne H. pylori-nonoxmntensHbix 1 5,4 B rpynne H. pylori-
oTpuuaTeNbHbIX NauvMeHToB. B cnyvae otcyrctBua H. pylori Habnopann yBennyeHne npeactaBiieHHOCTU GakTe-
puii ponoe Streptococcus, Prevotella v Alloprevotella. YpoBeHb 06CeMeHeHHOCTU H. pylori cnn3ncToi 060104KN
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Xenyaka BapbMpPYEeT B aHTPasibHOM OTAENe U Tene Xenyaka, B OTAENbHbIX Clydasax ocTuras pasHuubl B 3,5 pasa.
Mpwn cpaBHEHMW NPEACTaBAEHHOCTU APYrnx 6GakTepuii B TeNe 1 aHTPasibHOM OTAENE XesyaKa CTaTUCTUYECKM 3Ha-
YUMbIX PA3NNYUIA BbISBNIEHO HE ObINO.

BbiBoabl. COCTaB MMKPOOMOTHI XEeNyaKa CyLEeCTBEHHO OT/IMYAETCS B 3aBUCMMOCTU OT HaNUYUa UM OTCYTCTBUS
vHdekuumn H. pylori. Hanuune H. pylori cConpoBOXAAETCS CHUXXEHNEM BUAOBOro padHoobpasusa 6aktepuii ¢ npeob-
NafiaHMeM B COCTaBE Xeya04Horo Mukpobuoma H. pylori.

KnioueBble cnoBa: H. pylori, aucnencus, MMKpoobmoTa Xenyaka, MeTaTpaHCKpUNTOM, cekBeHnpoBaHne 16S pPHK
duHaHcupoBaHue: paboTa BhINOJSIHEHA B paMKax MporpamMmbl CTpaTerMyeckoro akafemMu4eckoro nvuaepcTBa
«MprnoputeT-2030» 3a cyeT cpeacTB cydbcuaomm MuHUCTEPCTBA Hayku U BbicLLero obpasoBaHua Poccuiickon de-
nepaumm no npoekty Ne FZSM-2023-0013 rocynapcTBeHHOro 3agaHnsa KasaHckoro deaepanbHoOro yHueepcureTa.
KoH®NUKT nHTEepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ansa umtunposaxHusa: KynpusHosa E.A., Mapkenosa M.WU., 3usatamnHosa 3.A., Caduna O.4., CaduH A.lL, Annesa V.M., 3ananos PK.,
AbnynxakoB PA., Npuropbesa T.B., A6aynxakoB C.P. Mukpo6uoTa xenyaka y naumeHToB ¢ Aucnencueit: MeTaTpaHCKpUNTOMHBIA aHa-
n13. POCCUIACKMIA XXypHaI raCTPO3HTEPOIONMN, renatosnoruu, kononpokronorun. 2024;34(2):72-82. https://doi.org/10.22416/1382-4376-

2024-34-2-72-82

Introduction

The human gastrointestinal tract contains
about 10" microbial cells [1]. Microorganisms are
presented unevenly: their number and diversity
increase from the proximal to the distal parts of
the gastrointestinal tract, where their content is
maximum [2].

For a long time, it was believed that the stom-
ach was a sterile organ, and the gastric mucosa
was considered uninhabitable. The discovery of
Helicobacter pylori (H. pylori) in 1982 and fur-
ther research using modern methods of molecular
biology refuted previous ideas about the sterility
of the stomach and confirmed that H. pylori spe-
cies are not the only one capable to survive in
the acidic environment of the stomach. Certain
anatomical features of stomach form a unique bac-
terial composition in it, which is different from
other parts of the digestive tract [3].

It has now been proven that H. pylori infec-
tion can lead to chronic inflammation of the gas-
tric mucosa, and subsequently to the development
of precancerous changes in the mucosa: atrophy,
intestinal metaplasia and intraepithelial neoplasia
(dysplasia), known as the “Correa’s cascade” [4].
In this regard, back in 1994, H. pylori was classi-
fied by the International Agency for Research on
Cancer (IACR) of the World Health Organization
as a Group 1 carcinogen [5].

However, today it is known that other types
of bacteria, in addition to H. pylori, can provoke
the development of chronic inflammatory changes
in the gastric mucosa, and even contribute to the
development of gastric cancer [6]. However, the
mutual influence of H. pylori and other represen-
tatives of the gastric microbiota remains poorly
understood. Presumably, these relationships with-
in the microbial community of the stomach can de-
termine the development of pathological changes

in the mucous membrane and, possibly, contribute
to the progression of existing diseases of stomach.
Considering the morphological and functional
characteristics of different parts of stomach, in-
cluding those caused by the production of hydro-
chloric acid, it is obvious that the microbial com-
position in different parts of stomach may differ.
This, in turn, explains the need to take biopsy
samples from the antrum and body of the stomach
when diagnosing H. pylori infection using a rapid
urease test.

Thus, the aim of this study was to assess the
composition of the microbiota of the mucous mem-
brane of the body and the antrum of the stomach.

Materials and methods

Biological samples

The study included patients who were admitted
with dyspeptic complaints to a primary care phy-
sician and/or gastroenterologist of the Medical
and Sanitary Unit of the Kazan (Volga Region)
Federal University and underwent upper gastroin-
testinal endoscopy. Patients were selected for the
study in accordance with the inclusion/exclusion
criteria.

Inclusion criteria were the following: age
18 years or older; presence of dyspeptic symptoms;
no history of H. pylori eradication therapy; vol-
untary consent of the patient to participate in the
study, confirmed by signing the informed con-
sent form. Exclusion criteria: polyps or gastric
malignancy revealed by endoscopy; a history of
concomitant conditions and diseases that can lead
to pronounced changes in the composition of the
gastrointestinal microbiota: inflammatory bowel
diseases; malabsorption syndrome; obesity, etc.;
patients’ taking certain medications (immunosup-
pressive drugs, cytostatics, glucocorticosteroids,
antibiotics, prebiotics, probiotics, regular use of
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proton pump inhibitors, bismuth tripotassium dic-
itrate, non-steroidal anti-inflammatory drugs) for
three months before inclusion in the study.

During endoscopy, all patients underwent col-
lection of at least two biopsies from the antrum
and body of the stomach.

A total of 60 patients (49 women and 21 men,
aged 24 to 67 years) were included in the study;
respectively, 120 biopsies of the gastric mucosa
of the antrum and body of the stomach were ob-
tained. All samples were stored in RNA later solu-
tion at —80 °C.

The study was approved by the Local Ethics
Committee of the Kazan (Volga Region) Federal
University (protocol No. 20 dated December 27,
2019).

RNA isolation

Biopsies of the gastric mucosa, stored in RNA
later solution, were thawed at room temperature.
The tissue pieces were then transferred into tubes
containing a mixture of 790 pL of TRIzol reagent
(Thermo Fisher, USA) and 10 pL of glycogen,
300 mg of 0.1 mm glass beads and one 6.35 mm ce-
ramic bead, and homogenized on a FastPrep 24 in-
strument (MP Biomedicals, USA) until a homo-
geneous solution was obtained. Further isolation
was carried out according to the protocol recom-
mended by the manufacturer, with minor modifi-
cations. 160 pL of chloroform was added, mixed
thoroughly and incubated for 3 min at room tem-
perature. Then the mixture was centrifuged for
15 min at a speed of 12,000 g and a temperature
of 4 °C. The upper aqueous phase was transferred
to a clean tube, 400 uL of isopropyl alcohol was
added, mixed and left for incubation at —20 °C
for an hour. Then the samples were centrifuged
for 10 min at a speed of 12,000 g at 4 °C, the
supernatant was collected, and the resulting sedi-
ment was washed three times with 800 pL of 75 %
ethanol, centrifuging for 5 min at 7500 g. The
remaining ethanol was removed, the precipitate
was dried for 5 min, and was dissolved in 50 pL
of water afterwards. The isolated RNA was stored
at —80 °C. Nucleic acid concentrations were mea-
sured on a Qubit 2.0 fluorimeter (Thermo Fisher
Scientific, USA) using Qubit RNA HS Assay Kits.

Sequencing

The isolated RNA was reverse transcribed us-
ing RNAscribe reverse transcriptase (Biolabmix,
Russia) to obtain ¢DNA. This step was neces-
sary to characterize only the metabolically active
part of the microbiota. To prepare libraries with
the resulting ¢cDNA, PCR was performed with
16S rRNA gene primers (V3—V4 variable region).
Sequencing was carried out on a MiSeq instru-
ment (Illumina, USA) using the MiSeq Reagent
Kit v3 (600-cycle) (Illumina, USA).

Data analysis

As a result of sequencing, sequences of the V3—
V4 region of 165 *RNA were obtained in fastq
format for each sample. After preliminary filter-
ing of reads by quality, trimming of service se-
quences, and removal of chimeric sequences, the
reads were analyzed using the QIIME metagenom-
ic pipeline (v. 2). The taxonomic composition of
the microbial community was assessed by assign-
ing operational taxonomy units (OTU) to reads.
The GreenGenes2 reference sequence database
was used for these purposes. The Shannon index
was calculated to assess metagenomic diversity.
Statistical processing of the research material was
carried out using the Microsoft Excel 2021 soft-
ware package (Microsoft Corp., USA).

Results

A total of 120 paired biopsies of the gastric
mucosa of the antrum and body of the stomach,
obtained from 60 patients, were included in the
study. However, 28 samples from 14 patients were
excluded from further analysis due to the small
amount of material insufficient for sequencing.

Based on endoscopic data, 65 % of the patients
included in the analysis had endoscopic signs of
chronic non-atrophic gastritis, a minority (33 %)
were patients with the signs of acute erosive gas-
tritis, one patient had endoscopic signs of gastric
ulcer exacerbation.

General bacterial composition

of the gastric mucosa

The data obtained during sequencing were
analyzed in the QIIME2 software and the
Greengenes2 database. Taxonomic analysis of
the identified OTUs shows that the dominating
classes in the gastric mucosa of the patients in-
cluded in the study are Campylobacteria, Bacilli,
Bacteroidia and Gammaproteobacteria — 20.4 %,
20.3 %, 15 % and 11.2 %, respectively (Fig. 1).
The remaining classes of bacteria, represent-
ing 3 % or less of gastric microbiota of studied
samples, were Clostridia, Alphaproteobacteria,
Fusobacteria, Negativicutes. About 17 % of the
total metatranscriptomic data included underrep-
resented (< 1 %) and unidentified bacterial classes.

A more detailed analysis of ¢cDNA samples
subjected to sequencing made it possible to deter-
mine the bacterial composition of gastric biopsies
down to the genus and, in some cases, species of
bacteria (Figs. 2, 3). In general, when compar-
ing two mucosal biopsy sites (body and antrum),
the dominant part of the bacterial community re-
mains unchanged: representatives of Helicobacter,
Streptococcus, Prevotella and Alloprevotella
genera are prevailing. In addition to the dominant
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Figure 1. Representation of the main classes of bacteria in biopsy samples of the mucous membrane of the body

and antrum of the stomach

Pucynox 1. IlpeicraBieHHOCTb OCHOBHBIX KJACCOB GaKTepHii B GMONTATAX CAUZUCTON OOOJOUYKH TeJA U AHTPATbHO-

rO OT/IeN1a JKeJyIKa

representatives, the gastric microbiota includes
bacteria of the Veillonella, Gemella, Haemophilus,
Staphylococcus, Sphingomonas and Lawsonella
genera.

Bacterial composition of the microbiota

of the gastric mucosa in H. pylori-positive

and H. pylori-negative patients

Based on sequencing results, the H. pylori-pos-
itive group included all patients whose biosam-
ples (at least one of the compartments — body or
antrum) contained > 2 % of the H. pylori in the
gastric microbiome. Thus, biosamples of 20 out of
46 patients (43.47 %) were considered as H. py-
lori-positive.

In majority of H. pylori-positive patients, a
significant (up to 90 %) dominance of bacteria
of the Helicobacter genus was found (Fig. 4).
Bacteria of the Streptococcus genus, in particu-
lar Streptococcus vestibularis species, as well
as Prevotella and Alloprevotella genera, were
represented to a lesser extent. In H. pylori-neg-
ative samples (Fig. 5) an increase in the repre-
sentation of Streptococcus (40.1 % vs. 15.2 %),
Prevotella (3.8 % vs. 1.7 %) and Alloprevotella
(6 % vs. 1.9 %) genera was found, as well as the
greater abundance of Gemella, Haemophilus,
Staphylococcus, Sphingomonas genera, which,

according to the literature data, can be considered
as normal gastric microbiota representatives [8].
The decrease in species (taxonomic) diversity
in the group of H. pylori-positive patients was
also confirmed using the Shannon index, the av-
erage value of which was 3.6 in H. pylori-posi-
tive group and 5.4 in H. pylori-negative group
(Fig. 6). There is a relationship between a de-
crease in biodiversity and a significant predomi-
nance of H. pylori in gastric microbiota of H. py-
lori-positive patients.
H. pylori prevalence in the gastric mucosa
of different parts of stomach (body and antrum)
H. pylori diagnosing guidelines suggest the
need to take biopsies from both the antrum and
the body of the stomach [9]. This is explained
by the possibility of colonization of the body and
the absence (or detection in smaller quantities) of
H. pylori in the antrum in some cases, for exam-
ple, in severe atrophy of the antral mucosa. The
level of H. pylori contamination of the gastric
mucosa in the antrum and body of the stomach
differs in the same patient, in some cases reaching
a significant difference (Fig. 7). For example, in
case of samples 3-20, 5-20 and 8-20, the percent-
ages of contamination of the antrum and body are
25 and 87, 33 and 81, 32 and 69 %, respectively.
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Figure 2. Representation of the main genera and species of bacteria in biopsy samples of the mucous membrane
of the body of the stomach (samples from 3-20T to 31-22T — H. pylori-positive, from 10-20T to 30-22T — H. pylori-
negative)

Pucynox 2. llpejicTaBienHOCTb OCHOBHBIX POJIOB U BU/IOB GaKTepuii B GHONTATAX CJAU3UCTON 0GOJOUKH TeJla ey /I-
ka (o6pasuer ¢ 3-20T no 31-22T — H. pylori-nonoxurenssie, ¢ 10-20T no 30-22T — H. pylori-orpuiarenbHbie)

When comparing the representation of other
bacteria in the body and antrum of the stomach,
no statistically significant differences were found
in either H. pylori-positive or H. pylori-negative
patients.

Such variations can lead to false-negative re-
sults when testing biopsies of the gastric antrum
for H. pylori infection and support the need to
obtain biopsies from two different parts: the body
and the antrum.
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Figure 3. Representation of the main genera and species of bacteria in biopsy samples of the mucous membrane
of the antrum of the stomach (samples from 3-20A to 31-22A — H. pylori-positive, from 10-20A to 30-22A —

H. pylori-negative)

Pucynox 3. llpeacraBieHHOCTb OCHOBHBIX POIOB U BHAOB GaKTepuil B GUONTaTaX CIAU3UCTON 0O0JIOUKH aHTPAJIbHOIO
otnena sxenyaka (o6pasust ¢ 3-20A mo 31-22A — H. pylori-nonoxurensubie, ¢ 10-20A o 30-22A — H. pylori-

OTpUIATEIbHbIE)

Discussion

The present study examined the composition of
the gastric microbiota in patients with symptoms
of dyspepsia and different H. pylori status.

A distinctive feature of this study is that the
presence of H. pylori was confirmed by analyz-
ing isolated RNA using the reverse transcription
method. This method makes it possible to charac-
terize the metabolically active part of the microbi-
ota. In this study, it was revealed that representa-
tives of four classes of bacteria were predominant

in gastric biopsies — Campylobacteria, Bacilli,
Bacteroidia and Gammaproteobacteria. According
to the literature, these bacteria are the most com-
mon inhabitants of the human stomach [10]. The
results of this study are generally consistent with
the results of similar studies on the composition of
the gastric microbiota presented in the literature,
including data from domestic studies [6, 11—14].
However, it should be noted that in the listed
studies, slightly different methods were used to
study the composition of the gastric microbiota:
most often, the microbiome was studied at the
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Figure 4. Representation of various genera and species of bacteria in the gastric microbiota of H. pylori-positive
patients

Pucynokx 4. llpeicTaB/IeHHOCTb PA3INYHbIX POJOB M BUJOB OakTepuil B Mukpo6uore xeayaxka H. pylori-
MOJIOXKUTEJIbHBIX TTAIeHTOB
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Figure 5. Representation of various genera and species of bacteria in the gastric microbiota of H. pylori-negative
patients
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Figure 6. Species diversity of the gastric microbiota (Shannon index) in the groups of H. pylori-positive (HP*)
and H. pylori-negative (HP") patients
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Figure 7. H. pylori contamination of the mucous membrane of the body and antrum of the stomach
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level of bacterial DNA using 765 rRNA gene se-
quencing. Thus, the bacterial composition of the
stomach at the bacterial class level is similar for
the vast majority of people, and differences may
be more pronounced at the family and genus level.
It was revealed that the qualitative composition
of the gastric microbiota of both H. pylori-nega-
tive and H. pylori-positive patients is comparable.
However, there are significant differences in the
quantitative ratio of representatives of the gas-
tric microbiota in the compared groups of patients,
which confirms the results described previously by
other researchers [15—17].

In the absence of H. pylori infection, an in-
crease in the representation of bacteria of the
Streptococcus, Prevotella and Alloprevotella
genera was shown. Previous studies examining
the composition of the gastric microbiota in pa-
tients with chronic gastritis showed that there
was a significant negative correlation between the
presence of H. pylori and the abundance of bac-
teria of the Streptococcus genus: the presence of
H. pylori inhibited the growth of Streptococcus,
and in H. pylori-negative patients their number
increased [18]. It has also been established that
there is an increase in the number and predom-
inance of Streptococcus genus in gastric mucosa
in case of stomach cancer [19, 20], which differs
significantly from the composition of bacteria in
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