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INTRODUCTION

Gastric cancer (GC) is one of the most common and lethal neoplasm,
ranking as the fith most common and as the fourth most lethal neoplasm
worldwide [1]. According to the pathohistological classification of Lauren’s
GC is classified into intestinal, diffuse and mixed (made up of both intestinal
and diffuse) type [2]. Intestinal-type adenocarcinoma is the most common,
followed by diffuse and mixed-type GC in decreasing order [3]. Both of
Lauren’s histological type is associated to Helicobacter pylori (H. pylori) [4].
In 1994, the International Agency for Research on Cancer, World Health
Organization (IARC/WHO) categorised H. pylori as a class I carcinogen for
gastric cancer (GC) [5]. Since then the gastric microbiota and its carcinogenic
effects became a widespread topic and relevant field of the research. The role
of gastric microbiota is the most explored in carcinogenesis of intestinal-type
GC, meanwhile Lauren’s diffuse-type GC has a stronger influence of genetic
factors and is less associated with H. pylori and environmental factors [4],
thus the importance of gastric microbiota in its cancerogenesis is less
described.

Up to now, a widespread infection of H. pylori (affects >50 % of the
world’s population) is a predominant risk factor for GC [6], which triggers
the Correa’s precancerous cascade progressively leading to intestinal-type
GC. Despite this until now it is not known why only 1-2 % of individuals
infected with H. pylori develop GC [7] and its eradication does not necessa-
rily prevent gastric malignancy [8, 9]. In recent years studies have been
highlighted alterations and differences of gastric microbiota across the
progression of Correa precancerous cascade (nonatrophic gastritis (NAG),
athrophic gastritis (AG), instestinal metaplasia (IM)), dysplasia) and GC [10].
The key point is the modification of the dominant gastric microbiome in each
stages of the Correa’s precancerous cascade characterised by a progressive
decreases of H. pylori accompanied by a parallel colonization (increases or
decreases) of different and mixed collective microbial community [10]. These
findings support the hypothesis that beside host [11] and environmental
factors (smoking, salted food, etc.) [12, 13], differential susceptibility to GC
is also associated with other non-Helicobacter bacteria. Besides this studies
exploring metabolic effects of gastric microbiota in gastric carcinogenesis
revealed differences in metabolome profiles between GC and adjacent non-
malignant tisues, which may be associated to carcinogenic effects of gastric
microbiome promoting GC carcinogenesis [14].



However the taxonomic pattern of gastric dysbiosis and differentiation
of its causal or consequential effect on the gastric carcinogenesis is still a
matter of debate. Therefore to depict a more thorough picture of the gastric
microbiota and GC carcinogenesis it is important to identify transient and
persistent gastric microbiome in health and GC populations with combined
impact of the potential environment and host-genetics factors for microbial
profile and tumorogenesis.

Under a genome-wide association study (GWAS) researches about 10 %
of human microbial diversity could be impact by inheritable factors [15].
However, this relatonship still remains poorly exploreed. Thus, further
studies are critical to determine the interplay of host genetic variation and
microbiome. One of the best model to evaluate the effect of genetics for
microbiome in association with other factors, particularly to environmental
factors is twin studies. Several studies performed over the last years revealed
impact of heritability for profile of gut microbiome [16, 17]. But to date
studies analyzing gastric microbiome using twin model are scarce and still no
genetic background on gastric microbiota profile was found [18].

Hereditary is also important for intestinal-type GC, which likewise
diffuse-type adenocarcinoma is related with a strong family history of GC
[19]. In contrast to the last one, it develops in the context of environmental
exposures [20, 21] through a long standing progression of intermediate
precancerous lesions of gastric mucosa. For this reason it is important to find
out if there is a heritable patern of premaligant lesions, such as AG, which
could be useful for assessing GC risk and survaillence of siblings. However,
to date studies analyzing correlation of gastritis phenotype using twin model
have not been performed yet.

The aim of the study

To analyse the composition of microbiota in gastric cancerous and non-
cancerous mucosa and to evaluate gastric microbial similarity and phenotype
of gastritis in twins.

The objectives of the study

1. To explore transient and persistent bacteria in gastric cancer and

dyspepsia patients.

2. To compare the gastric microbiota of gastric cancer and dyspepsia
patients.

3. To evaluate the influence of H. pylori on gastric microbiota com-
position.



4. To evaluate effect of zigosity on the microbial composition in twins.

5. To compare pathomorphological alterations of gastric mucosa in H.
pylori positive and negative monozygotic and dizygotic twins, using
the OLGA/OLGIM gastritis staging systems.

Novelty of the study

In the last decades the carcinogenic effects of gastric microbiota has
became a relevant field of microbiota studies. Though the numerous previous
studies of gastric microbiota with advanced genomic technics have revealed
multiple species of non-Helicobacter bacteria as a part of gastric microbiota,
no conclusion has been made of whether these represent a transient or
persistent microbiota in the gastric mucosa. For this reason the first part of
our study was to check hypothesis if H. pylori is the only core bacteria of the
gastric, which is able to remain in the washed biopsies and affect composition
of gastric microbiota. We have explored the resident and transient bacterial
communities of gastric microbiota by comparing the changes in microbiota
composition of washed and unwashed gastric mucosa samples. To our know-
ledge it is the first comprehensive research, which was used 16S ribosomal
ribonucleic acid (rRNA) gene sequencing in order to distinguish between the
transient and persistent bacteria of the gastric. In this part of study we have
also compared the bacterial communities of GC and control patients. The
results will be relevant to the issue about whether the gastric carcinogenesis
is mediated through a microbial alterations caused by H. pylori.

Recently, interaction between host genetics and microbiome has became
a relevant topic [22]. Although loci related to microbial characteristics, like
bacterial taxonomies and pathways were identified by several studies, which
have explored the interaction between gut microbiome composition and host
genetics, using GWAS [23, 24], most of these results were population specific
and difficult to replicate. Further studies are needed to determine if the host
factors may impact the diversity of microbiome [25]. Therefore the second
part of our study was aimed to analyze the impact of zigosity on microbial
similarity in stomach mucosa with specific attention to H. pylori in mono-
zygotic (MZ) and dizygotic (DZ) dyspeptic twins.
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It is known that the progression of H. pylori associated gastritis towards
the premalignant gastric lesions, such as AG is also modulated by host-related
and environmental factors, however this relationship still remains poorly
explored. Hence studies exploring the impact of environment and heredibility
for morphologic features of chronic H. pylori gastritis are highly needed.
Consequently the third part of our study was aimed to explore and compare
the phenotype of chronic gastritis in two cohorts of dyspeptic MZ and DZ
Lithuanian twins. To our knowledge, this is the first studies that evaluates
gastric mucosa alterations in twins.

11



1. REVIEW OF LITERATURE

1.1. The Human gastric microbiota

1.1.1. H. pylori colonization and infection of the stomach

Helicobacter is a group of Gram- negative, curved or spiral-shaped
bacteria, of which H. pylori is the most commonly known species isolated in
1982 by Barry Marshall and Robin Warren. According to phylogeographic
studies H. pylori has been shown as a natural humans gastric colonizer co-
existing in their populations 50,000—70,000 years [26] and nowadays affecting
>50 % of the world’s population [6]. A strict tropism to normal, metaplastic
(in distal esophagus and proximal duodenum) [27, 28] or heterotopic (in
Meckel’s diverticulum) [29] gastric epithelium reflects its extensive co-
evoliution with humans. However as all infected subjects develop a chronic
gastritis [30], it is defined as host specific pathogens rather than commensal
[31]. Despite that majority of infected individuals are asymptomatic, a long
term colonisation is associated with various subsequent gastroduodenal
diseases, such as gastroduodenal ulcers, GC or mucosa associated lymphoid
tissue (MALT) lymphoma [32]. Besides this H. pylori is the only bacterium
categorised as a class I carcinogen [5], therefore gastric colonisation by
H. pylori is relevant topic, important for understanding gastric carcinoge-
nesis.

It usually colonizes the human stomach during early childhood via fecal-
oral, oral-oral or gastric—oral pathways in households and generally can
persists for life [33]. Upon infection, the colonization features of H. pylori are
expressed through specific factors and mechanisms adapted to withstand
natural limiting factors of stomach (acidic pH, peristalsis, immune system,
microbial competition for space) and persistenly colonise gastric microenvi-
ronment. Urease, that generates amonia from urea and neutralizes acidic
gastric juice around own and neighboring bacteria [34, 35] and motility based
by chemotaxis towards a higher pH [36, 37] and spiral shape with six polar
flagella burrowing a thick mucin layer [38] are essential virulence factors for
colonisation. Within the gastric mucosa, the majority of H. pylori are found
in the mucus layer close to the gastric epithelium [39]. It adheres to mucin
and surface with different adhesins (blood-antigen binding protein A (BabA)
and sialic-acid binding adhesin (SabA), Helicobacter outer membrane porins
(HopZ), AlpA and AlpB) [40—44] and resists to peristalsis. Pathogenicity of
H. pylori is associated to cytotoxin-associated gene A (CagA) and vacuolating
cytotoxin (VacA). These H. pylori factors induce [45] and modulate [46]
inflammation, increase nutrient availability from gastric tissue [47] and also

12



affect various host cellular process with oncogenic potential, such as prolife-
ration [48], differentiation [49] and apoptosis [50].

Genetic diversity among H. pylori strains is influenced by extensive
mutagenesis within chromosome and a frequent interstrain recombination
during natural infection with multiple H. pylori strains [51-53]. Therefore
stomach is usually colonised by heterogenous strains of H. pylori with distinct
combination of virulence factors. This permits H. pylori to adapt to host
stomach changes during prolonged colonization and after transmission to new
host and are associated to a different risk of gastroduodenal desease [54, 55].

1.1.2. Composition of the gastric microbiota

First studies of gastric microbiota based on culture and histological
methods of gastric samples have proved, that non-Helicobacter bacteria can
contaminate the gastric juice and its mucosa [56, 57]. With the advance of
culture based and new genomic methods over the last decades, further studies
proved that gastric microbiota apart of H. pylori includes multiple various
species of non-Helicobacter bacteria with the microbial load around 10 to
10* colony-forming units (CFU)/mL [58]. However, definition of transient
and persistent gastric microbiota as well as microbial composition of the
stomach in health and desease remain a core issues of gastric microbiota
research.

According to several studies >65 % of the bacterial phylotypes in the
gastric originate from oral cavity [59, 60] and share similarities to the
duodenum microbiota [61, 62], therefore a portion of bacteria, such as
Veillonella, Lactobacillus, and Clostridium detected in the gastric juice can
be considered as transient colonizers swallowed from oral cavity or flowed
by duodenogastric reflux [59, 63]. On the other hand compositional differen-
ces between gastric juice and mucosa [61] shows a unique stomach micro-
biota with possibly acid-resistant bacterial strains [58, 64]. According to
several studies of health population Proteobacteria, Firmicutes, Bacteroide-
tes, Actinobacteria and Fusobacteria were defined as the most representati-
ves phyla of non-Helicobacter bacteria in healthy populations from different
geographical regions [58, 65, 66] with the most prevalent genera of Strepto-
coccus, Prevotella, Veillonella, and Rothia [64]. Firmicutes, Actinobacteria
and Bacteroidetes were dominant phyla in gastric juice, while Proteobacteria
and Firmicutes were dominated in gastric mucosa (in decreasing order) [59,
65, 67].

However characterization of gastric microbiota is still complicated in
relation with different factors (age, sex, ethnicity, genetic variations, child-
birth mode, H. pylori, diet, lifestyle, geography, exposure of antibiotics,

13



proton pump inhibitors (PPI), histamine H2 receptor antagonists (H2RAs),
etc.) between individuals contributing to inter-subjects variations in biodiver-
sity of gastric microbiota [68—72].

1.1.3. H. pylori and the non-Helicobacter microbial community

Although chronic H. pylori infection induced modifications in gastric
microenvironment, such as acid acclimation due to reduced gastric acidity,
changes in nutrient availibility, increased inflammation and development of
gastric atrophy is likely to predispose the shift in the gastric microbiota [73—
75]. The effect of H. pylori colonization and its extent on the bacterial
community has not been finally understood yet.

H. pylori is a core bacteria in the gastric microbiota (accounted for 90 %
of the bacteria) of H. pylori positive individuals without AG or GC. Besides
this they have a reduced diversity and abudance of other microbial taxa
compared to H. pylori-negative patients [76—80]. This can be also supported
by other data of a large variation in the bacterial community depending on the
status of H. pylori and its reversibility after H. pylori eradication [81-84].
According to the study by Maldonado-Contreras et al. H. pylori colonization
was related to relative abudances of Proteobacteria, Spirochetes and Acido-
bacteria and decrease abudances of Actinobacteria, Bacteroidetes and Firmi-
cutes [84]. Another study by Llorca etal. demonstrated Proteobacteria,
Firmicutes, Bacteroidetes, and Actinobacteria as the most abundant phyla in
a pediatric population with a lower alpha diversity in H. pylori positive
childrens [81]. Besides this Li et al. reported increased diversity of gastric
microbial post H. pylori eradication [85].

In contrast to the observation of negative H. pylori impact on bacterial
diversity, other research have showed inverse findings [65, 76, 86, 87]. Bik
et al. showed no significant differences in the composition of the human
gastric microbiota according to H. pylori status [65]. This was confirmed by
findings from other studies of the murine [86] and human stomach [88].
Moreover several studies have demonstrated that H. pylori can be negatively
affected by non-Helicobacter microbial species. In a few studies Lactoba-
cillus species (Lactobacillus johnsonii, Lactobacillus murinus, Lactobacillus
reuteri) and Streptococcus mitis were found to inhibit the growth of H. pylori
[89-91]. In addition to this variations in the interactions between non-
Helicobacter bacteria and H. pylori can be influenced by the progression of
AG [92, 93] and geographical differences [84, 88] in the biodiversity of the
human stomach microbiota and consequently associated to different domi-
nant bacterial phyla [94].
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The discrepancies of these results are influenced by multiple factors such
as different methods used in studies, the time of H. pylori and stage of
premalignant lesions of gastric mucosa, therefore findings from different
studies cannot be objectively compared and relationship between the
H. pylori and other bacteria populations in the gastric niche remains
controversial.

1.1.4. Gastric microbiota in twins

Every individual has a specific gastric microbiota with a great inter-
subject variation [72, 95]. Stearns et al. identified the different most abundant
phylum in each fourth healthy subjects of the study [66]. It is known that
individual exposure to environmental factors contributes to intersubjects
differences in gastric microbiota [72, 96-98], however little is known about
the role of host genetic factors in the gastric microbiota variation.

A study of Dong et al. compared gastric microbiota between four healthy
MZ twin pairs and 8 unrelated individuals by 16S rRNA gene amplicon
pyrosequencing [18]. Analyses found a distinct composition of microbiota in
each subjects, consisted of the five predominant phyla such as Proteobac-
teria, Firmicutes, Bacteroidetes, Actinobacteria and Fusobacteria with no
significant similarity in the o and B diversities of gastric microbiota among
twins, but it showed differences between H. pylori positive and negative
individuals. It concluded that genetic determinants had no effect on gastric
microbiota profile as well as similar results reported in different anatomical
niches [99-101]. However the small sample size of the study made it difficult
to detect potential similiarity in microbiota diversity between twins.

Besides this fecal specimens from MZ and DZ twins and their mothers
analysed by Turnbaugh et al showed similarity in microbiome pattern
associated with either leanness or obesity among family members [16]. The
twins cohort with 1,126 pairs in United Kingdom revealed an association
between fecal microbiome taxa and genes related to diet, metabolism and
olfaction [17]. Therefore interplay between host genetics and gastric
microbiome remains to be further clarified.

1.1.5. Alterations of gastric microbiota in gastric carcinogenesis

Many studies focusing on link between microbial diversity and gastric
carcinogenesis intestinal-type adenocarcinoma have found significant com-
positional differences of the gastric microbiota among the different stages of
premalignant lesions (AG, IM and dysplasia) and GC [95, 102—-106]. These
evidences support hypothesis that dysbiotic microbiota changes across the
precancerous Correa sequelae can be associated to the development of GC
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[107]. Following the systematic reviews, findings in the composition and
diversity of the native gastric microbiota during stomach carcinogenesis are
diverse [83, 108, 109].

Some studies have concluded, that microbial diversity is significantly
reduced in AG, IM and GC compared to patients with NAG [102, 103, 105].
Like one of the first studies by Aviles-Jimenez et al. showing a gradual rever-
sal in gastric microbiota structure from NAG to IM and GC, with significantly
higher microbial diversity in NAG compare to GC group [105] as well as the
progressively reduced bacterial diversity across NAG, IM and GC reported
by Wang Z. et al. [110]. Beside this Liu et al. showed decreased microbial
richness from normal gastric tissue to peritumoral and tumoral tissues
implying variation of microbiota based on stomach microhabitat within the
same GC patient [111].

Meanwhile, other studies reported inversely or no correlation among
bacterial diversity and progression from NAG to GC through the Correa
cascade. For instance Wang et al. reported significantly increased bacterial
load with more diversified structure of microbiota in GC compared to chronic
gastritis group [95]. Increased microbial richness and diversity in cancerous
tissues as compared to controls were also found by Chen et al. [112] and
Castafio-Rodriguez etal. [106]. Whereas, Dicksved et al. identified no
significant differences in the microbial compositions between GC and dys-
pepsia patients [113].

Despite methodological discrepancies such as subject groups, ethnicity
sample sizes or analytic methods and mixed findings across studies, some
consistent principal among research of microbial dysbiosis regarding gastric
gastric carcinogenesis have been found. A gradual loss of active H. pylori
infection during the progression of the Correa sequelae and GC posits that
stomach tumorogenesis may be H. pylori independent [76, 102, 104, 114, 115]
and frequently enriched by commensal and opportunistic oral or intestinal
flora including genera of Streptococcus, Lactobacillus and Lactococcus,
Fusobacterium, Haemophilus, Veillonella, Leptotrichia, Dialister [104—-106]
or Phyllobacterium, Achromobacter, Citrobacter, Lactobacillus, Clostridium,
and Rhodococcus, respectively [102] As evidences emphasize the signifi-
cancy of collective microbial community in gastric malignancy better than a
unique bacterial species [102, 103], H. pylori remains the most crucial and
specific gastric carcinogenesis associated pathogen [116].

Opposed to intestinal-type GC the absence of intermediate precancerous
states across carcinogenesis process of Lauren’s diffuse-type GC complicates
the differentiation of dysbiotic gastric microbiota changes, therefore gastric
microbiota composition associated to diffuse-type adenocarcinoma is less
understood and explore [117]. For all that some studies revealed a potential
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association of non-Helicobacter bacterial phyla with significantly worse
overall survival in patients with this Lauren’s histological type of GC [118,
119]. Besides this the importance of gastric microbiota in diffuse-type
carcinogenesis can be based on epidemiological aspect, such as an increasing
incidence of diffuse-type adenocarcinoma in high- and low-risk population
for GC despite the decreased H. pylori rates [4] and support by hypothetical
statement, that eradication of H. pylori may promote overgrowth of non-
Helicobacter flora important for diffuse- type carcinogenesis [4].

1.2. Premalignant gastric alterations

1.2.1. The gastric precancerous cascade

Most of GC cases are intestinal-type adenocarcinoma, which develops
trough a multistep process, including a stepwise sequence of phenotypic
modifications of the native gastric tissue from healthy gastric mucosa towards
NAG, AG, IM, dysplasia (low/high-grade noninvasive neoplasia) and GC
[120], which is defined as precancerous Correa’s cascade [121]. A sequential-
causative effect of each of these steps was based by epidemiological studies
[122—124]. The initial step in the Correa’s cascade is chronic gastritis
commonly caused by H. pylori mainly starting in the antrum [125]. In this
step H. pylori — associated inflammation affects a normal gastric mucosa with
well-preserved normal gastric glands and is called NAG. At this stage NAG
can be cured by eradicating H. pylori otherwise it remains and may progresses
to AG with the loss and/or metaplastic replacement of native gastric mucosal
glands [126, 127]. Within spectrum of Correa’s cascade lesions, AG is
considered the elective “field of cancerization” prone to GC development
[120]. H. pylori is by far the main determinant agent of gastric atrophy, and,
all over the world, the prevalence of the H. pylori infection is consistently
linked with both, AG and GC [120, 128, 129]. In some peculiar epidemio-
logical contexts, however, a high prevalence of bacterial infection is asso-
ciated with a low prevalence of gastric precancerous/cancer lesions, or equi-
valent rates of bacterial infection are associated with significantly different
risk of gastric malignancy [130, 131]. These unexpected findings would
support the hypothesis that etiological factors, other than H. pylori, may be
involved in the modulation of the oncogenetic “cascade”. Among these
factors, both host-related (genetic variations, noncoding RNAs, methylation,
etc) and other environmental factors or even gastric dysbiosis in line with
epidemiological determinants (ethnic, culture, etc.) have been considered
[132—138]. At this point a possible contribution of gastric dysbiosis to further
progression of the Correa’s cascade has been also considered [103], however
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the role of dysbiosis along the preneoplastic cascade remains uncertain.
Naturally H. pylori-associated AG progresses with time in severity and
extension and become multifocal atrophic gastritis (MAG) [125].
Chronologically continuing chronic inflammation progress to advanced
stage of atrophy with metaplastic replacement of native gastric mucosal
glands, defined as IM [125]. Histologically it is a heterogeneous lesion, classi-
fied into two main subtypes: complete and incomplete types, which resembles
the small intestine or colonic epithelium, respectively [139]. IM tends to
occur at the incisura angularis and further extend to the antrum and corpus
[125, 126, 140]. Up to this point accumulation of cells genetic lesions within
atrophic/metaplastic mucosa become the background for dysplasia and inva-
sive gastric adenocarcinoma as the final stages of cascade [120, 141].
Although the Correa’s cascade demonstrates a linear progression of
preneoplastic lesions, it may also envolve in several ways: either it remains
without any changes over many years or it develops with regression and/or
progression of lesions along cascade [142]. Therefore it remains unclear
which point of cascade is irreversible. The findings of systematic reviews
used AG and IM comparison suggest that IM can be defined as irreversible
preneoplastic lesion beyond which a histopathological steps of cascade may
progress regardless of H. pylori eradication [143, 144]. On the contrary a
regression of IM has been also observed in several cohort studies [ 145, 146].
Besides this only a small proportion of patients with IM progress to dysplasia
and GC [142]. For this reason, further studies are necessary to understand the
mechanisms responsible for the development of this premalignant cascade.

1.2.2. Gastric cancer risk in patients with premalignant gastric
lesions

Even though AG, IM and dysplasia are considered as preneoplastic
gastric lesions of intestinal-type GC, they are often disregared in routine cli-
nical practice [147]. Consequently, most of the GC cases are still diagnosed
at late stages with a high mortality rate [148]. Therefore identification and
surveillance of individuals with a high risk of GC are important for early
diagnosis of GC.

The Operative link on gastritis assessment (OLGA) and the Operative
link on gastric intestinal metaplasia assessment (OLGIM) staging systems
have been suggested to identify patients with AG or IM and stratify their risk
for GC [149-151]. Both OLGA and OLGIM gastritis staging systems
combine atrophy or IM scores of the the updated Sydney system [152]
assessed histologically on antral and corpus biopsies [150, 151]. Each
OLGA/OLGIM stages (0-IV) of gastritis respectively express increasing
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severity and extent of atrophy or IM [150, 151] and according to follow-up
studies progressively correlate with a significantly higher risk of GC [153,
154]. As aresult, to improve secondary prevention and early diagnosis of GC,
international guidelines on this topic recommend endoscopic follow up to
patient in a high- risk OLGA/OLGIM stages (III/IV), especially with a family
history of GC [155-157].

However as the majority of individuals with precancerous lesions are
asymptomatic, epidemiologic data of these premalignant alterations are
mainly unknown, especially in low risk regions [147, 158—160]. Therefore
international guidelines for GC screening, such as Japan or Korea nationwide
screening programs [161], based on high prevalence of GC or British Society
of Gastroenterology guidelines, which offers screening endoscopy for the
high risk subjects [157] are scarce. Consequently, evidence to conclude a risk
profile of premalignant lesions and international screening recommendations
for GC are still insufficient.
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2. METHODS

2.1. Ethics

The study was approved by the Lithuanian Bioethics Committee (Proto-
col No. 8/2011) and Kaunas Regional Ethics Committee of Biomedical
Surveys (Protocol No. BE-2-10). All participants have signed an informed
consent form to take part in the study.

2.2. A flowchart of the study
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Fig. 2.2.1. A flowchart of the study

A flowchart of the study in Fig.2.2.1 graphically demonstrates the
context of our research. Microbiome changes in GC and heritability of gastric
microbiome and pathomorphological alterations of mucosa may be
potentially important for the origin of GC, but are still poorly explored fields.
To bring a more comprehensive perspective on this fields, our study was
consisted of three parts. The first part of our study was aimed to analyse
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persistent and transient microbiota in gastric cancerous and non-cancerous
mucosa, by comparing GC and dyspepsia patients. In the second and the third
part of the study we evaluated the effect of zigosity on the microbial compo-
sition and phenotype of gastritis in twins, respectively.

2.3. Design of the study: “Transient and persistent
gastric microbiome: adherence of bacteria in gastric cancer
and dyspeptic patient biopsies after washing”

2.3.1. Study population

The study consisted of twelve patients with GC (case group) and twenty-
two patients with dyspepsia (control group) referred to the Department of
Gastroenterology of Hospital of Lithuanian University of Health Sciences
Kauno klinikos for upper gastrointestinal endoscopy between 2017-2019.
The inclusion criteria for patients included the following: >18 years old, no
previous eradication of H. pylori, no prior exposure to proton pump inhibitors
(PPI) or antibiotics for the last 3 months period. Additional inclusion criterion
for GC group was histologically confirmed gastric adenocarcinoma without
any previous therapeutic and surgical approaches. The exclusion criteria for
participants included the following: < 18 years old, previous eradication of
H. pylori, use of PPI or antibiotics within the last 3 months prior to inclusion
and previous treatment approaches of GC.

2.3.2. Protocol of gastric biopsy sampling and handling

All biopsies were obtained and handled for futher research at the
Department of Gastroenterology of Hospital of Lithuanian University of
Health Sciences Kauno klinikos and Institute for Digestive Research of
Lithuanian University of Health Sciences.

Protocol of both groups included three antral biopsies obtained 4 cm
from the pylorus and three additional biopsies obtained from the cancer area
in the corpus for the gastric cancer group. Each of these samples were collected
by sterile biopsy forceps.

The first biopsy was immediately fixed in 10 % neutral buffered formalin
solution and used for histopathologic examination of H. pylori at the
Department of Pathological Anatomy of Hospital of Lithuanian University of
Health Sciences Kauno klinikos. Histological slides were stained with haema-
toxylin/eosin and Giemsa stains to detect the presence of H. pylori.

The second biopsy was directly placed to the commercial transport
medium (Portagerm pylori, bioMérieux, Marcy L'Etoile, France) and stored
at —80 °C.
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The third biopsy was immediately washed twice in separate tubes filled
with sterile 4 °C Phosphate buffered saline (PBS, Sigma-Aldrich Chemie
GmbH, USA) for 15 s to disengage the transient microflora. After the second
wash, the biopsy was transferred in the same medium as the second biopsy
and stored at —80 °C. The second and third biopsies were transported to the
Copenhagen University Hospital (Rigshospitalet) for culture study.

2.3.3. Culture of gastric biopsies and identification of bacterial
species

Biopsies were cultivated on 7% defibrinated horse blood agar plates (SSI
Diagnostica A/S, Hillered, Denmark), placed in serum bouillon with 10 %
glycerol (SSI Diagnostica, Hillerad, Denmark), and frozen at —80 °C. The
agar plates were incubated 6 days at 37 °C in microaerobic conditions (10 %
COz2, 5 % O2). The observed growth was indicated, and single bacterial co-
lonies of each morphology were isolated on new 5 % horse blood agar plates
(SSI Diagnostica A/S, Hillerad, Denmark). The disks with the isolated cul-
tures were incubated at 37 °C in microaerobic conditions until visible growth
was noticed (1-3 days). Each isolate was transferred to a matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOFF)
target plate, then treated with 1 pL HCAA matrix (Bruker Daltonics, Billerica,
MA, USA) and analyzed with MALDI-TOF Mass Spectrometry (Bruker
Daltonics, Billerica, MA, USA). To identify the species the protein profile
was compared to the database Compass (Bruker Daltonics, Billerica, MA,
USA).

2.3.4. Microbiota analysis

The microbiota analysis, including deoxyribonucleic acid (DNA) extrac-
tion, library preparation and sequencing, was performed at Statens Serum
Institute.

2.3.4.1. DNA extraction and 16S rRNA gene amplicon sequencing

DNA was extracted from the biopsies using a QlAamp DNA mini Kit
(Qiagen, Hilden, Germany) following the manufacturer’s instruction. For each
batch of DNA extraction, a negative control without sample material was
included for downstream analysis. To amplify the extracted DNA a two-step
polymerase chain reaction (PCR) was used by applying a modified version of
the published universal prokaryotic primers 341F (ACTCCTAYGGGRBG
CASCAG) and 806R (ACTCCTAYGGGRBGCASCAG). Both primers
target the hyper-variable region V3-V4 regions of the 16S rRNA gene.
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Afterwards amplicons were sequenced on the Illumina MiSeq desktop se-
quencer (Illumina Inc., San Diego, CA, USA), using the V2 Reagent Kit.

2.3.4.2. Library preparation

Purified genomic DNA from each sample was initially amplified in a 25
uL reaction, using the REDExtract-N-Amp PCR ReadyMix (Sigma-Aldrich,
St Louis, MO, USA) with 0.4 uM of each 16S rRNA gene primer and 2 uL
template. In this study the 16S PCR conditions were the following: an initial
denaturation at 95 °C for 2 min, 20 cycles of 95 °C for 30 s, 60 °C for 1 min
and 72 °C for 30 s and final elongation at 72 °C for 7 min. This PCR run is
considered to as PCR1. The product from PCR1 was prepared for sequencing
by a second PCR (regarded to as PCR2), repeating the same PCR protocol of
PCR1. PCR2 attached an adaptor A, an index 15 and a forward sequencing
primer site (FSP) in the 5’ end of the amplicons and an adaptor B, an index
17 and a reverse sequencing primer site (RSP) to the 3° end of the amplicons.
DNA was quantified using the Quant-ITTM dsDNA High Sensitive Assay
Kit (Thermo Fisher Scientific, Waltham, MA, USA) and then PCR2 products
were pooled in equimolar amounts between samples. Undesirable DNA
amplicons from the pooled amplicon library (PAL) were removed by using
Agencourt AMPure XP bead (Beckman Coulter, Brea, CA, USA) purification
in a two-step process. First, DNA fragments below 300 nucleotides length
were removed by a PAL AMPure beads 10:24 ratio, according to the manu-
facturer’s instructions, and eluted in 40 pL TE buffer (AM1). Secondly, large
DNA fragments above 1 kbp were removed by AM1 to AMPure beads 10:16
ratio as previously described. The resulting AMPure beads purified PAL
(bPAL) was diluted to a final concentration of 11.5 pMDNA in a 0.001
NNaOH and used for sequencing on the Illumina MiSeq desktop sequencer
(Illumina Inc., San Diego, CA, USA). We used the 500-cycle MiSeq Reagent
Kit V2 ina 2 x 250 nt setup (Illumina Inc., San Diego, CA, USA) to sequence
the library.

2.3.5. Bioinformatics

We used BION-META (http://box.com/bion) to analyse the sequence
data, which were processed according to the previously described automated
order [162]. Taxonomy tables were made with the identified phylum, class,
order, family, genus, species and number of reads. Our data from the

sequencing were submitted to European Nucleotide Archive with the acces-
sion number PRJEB38558.
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2.3.6. Statistical analysis

The ten most abundant genera across all samples are demonstrated in
staggered bar plots in which samples are ordered according to a hierarchical
clustering based on Bray Curtis dissimilarities and ward-linkage. Analysis of
the difference in the distribution of bacterial groups between biopsies was
performed in the graphing and statistics program GraphPad Prism, version
5.01 (San Diego, CA, USA) by applying unpaired t-test.

The microbiota composition was analysed with program R, version 3.5.0
(R Foundation for Statistical Computing, Vienna, Austria) using the packages
phyloseq v. 1.24.3 and vegan v. 2.5-2. Figures were created using the packa-
ges ggplot2 v. 3.2.0 and plotly v. 4.8.0. Alpha-diversity of samples as well as
relative abundance of individual genera were compared pairwise between
groups with Mann—Whitney rank sum tests and adjusted for multiple testing
using Bonferroni correction. Principal coordinate analysis (PCoA) of samples
was performed based BIONs species-level classification on Bray Curtis
dissimilarity. The analysis of similarities (ANOSIM test) was used to compa-
re within-group similarities and between-group similarities. 1000 random
permutations were used to estimate P value.

2.4. Design of the study: “Gastric microbiome in twins”

2.4.1. Study population

“Gastric microbiome in twins” is a part of larger study of “Gut microbial
similarity in twins is driven by shared environment and aging”, which
consisted of 108 twin pairs and was aimed to analyse the role of host genetics
and environment factors on bacterial similarity in specimens of saliva,
stomach, and fecal from twins. Twins were selected from the Twin Center at
Lithuanian University of Health Sciences. They were interviewed by phone
calls, and those that accepted the invitation were included in the study during
the years 2016-2018. Twin pairs that reported clinical symptoms of dyspepsia
were suggested to undergo upper gastrointestinal endoscopy. The inclusion
criteria for participants included the following: >18 years old, no previous
eradication of H. pylori and no prior exposure to PPI or antibiotics at least for
the last 4-week period. According to inclusion criteria 24 out of 108 twin pairs
were selected to take part in this section of study. The demographics and
clinical data of the study participants are provided in Table 3.2.1.1.
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2.4.2. Protocol of gastric biopsy sampling

Protocol of gastric biopsies included two biopsies from the antrum and
two biopsies from the corpus obtained by biopsy forceps during endoscopy.
Biopsies were placed at two different tubes labelled according to the site of
the sample and immediately frozen in liquid nitrogen and stored at —80 °C.

2.4.3. Zygosity of twins (MZ versus DZ)

Zygosity of twins (MZ versus DZ) was confirmed by automated analysis
of DNA microsatellite markers by targeting 15 different loci: D8S1179,
D21S11, D7S820, CSF1PO, D3S1358, THO1, D13S317, D16S539, D2S1338,
D19S433, vWA, TROX, D18S51, D5S818, and FGA (AmpFLSTR® Identifiler®
Plus PCR Amplification Kit (Thermo Fisher Scientific, USA)).

2.4.4. DNA and RNA extraction

A Allprep DNA/RNA mini kit (Qiagen, Germany) was used to ectract
bacterial DNA and RNA from gastric biopsy samples according to the
manufacturer’s instructions. On-column DNA digestion during RNA purifi-
cation was performed using RNase-Free DNase Set (Qiagen). RNA was
reverse transcribed to cDNA using Superscript IV First-Strand Synthesis
System (Thermo Fisher Scientific).

2.4.5. Library preparation

Libraries were generated by amplification of the V1-V2 region of the 16S
rRNA, taking as template either the DNA (16S rRNA gene) or the cDNA
(16S rRNA) after 20 cycles PCR reaction. The 27F and 338R primers were
used to target the V1-V2 region of the 16S rRNA. The libraries were sequen-
ced on a MiSeq (2x250 bp, [llumina, Hayward, California, USA) [163, 164].

2.4.6. Sequencing analysis

We performed FastQ files analysis by using the dada package [165],
version 1.10.1, in R. Samples with less than 4 000 reads were removed from
downstream analysis. All samples were resampled to equal sequencing depth
of 4838 reads using the phyloseq package [166]. The naive Bayesian
classification [167] with a pseudo-bootstrap threshold of 80 % was used to
annotate phylotypes to taxonomic affiliation. Bacterial communities were
analyzed from phylum to genus and at phylotype taxonomy ranks.

The sample-similarity matrix by Bray-Curtis algorithm (1000 bootstrap)
at phylotype level and plotted using Past, Mega software or iTol Interactive
Tree of Life website [168] were used to built dendrogram and PCoA.
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Analysis of samples similarities was based on their Bray-Curtis-Simi-
larity and the ROUT method (Q = 1 %) in Prism 7 (GraphPad Software, La
Jolla, CA) was used to identify the outliers of samples. To evaluate the
significant differences between groups defined a priori we applied Mann-
Whitney test. The correlations were performed using Spearman test using
Prism 7 (GraphPad Software, La Jolla, CA). Primer-e (Primer 7, Version
7.0.17, Add on: Permanova+) [169] was used to calculate permutational
multivariate analysis of variance (PERMANOVA). P value < 0.05 was consi-
dered as statistically significant difference. A paired twins were compared
only if the samples of both twins from the pair were successfully sequenced.

2.5. Design of the study: “Gastritis stages in monozygotic
and dizygotic dyspeptic twins”

2.5.1. Study population

Two cohorts of twins were selected from the Twin Center at Lithuanian
University of Health Sciences, during the period 2016-2018. The twins were
interviewed by phone calls, and those that reported clinical symptoms of
dyspepsia and accepted the invitation to be included in the study were referred
for upper gastrointestinal endoscopy. Zygosity of twins (mono- versus
dizygosity) was confirmed by automated analysis of DNA microsatellite
markers. The study included 29 twin pairs (58 subjects): 14 pairs of MZ and
15 pairs (10 same-sex pairs and 5 mixed-sex pairs) of DZ twins. Exclusion
criteria for participants included the following: <18 years old, previous
H. pylori eradication therapy, use of PPI or antibiotics for the last 4-week
period prior to inclusion.

2.5.2. Endoscopy and protocol of gastric biopsy sampling

All the endoscopic procedures were performed at the Department of
Gastroenterology of Hospital of Lithuanian University of Health Sciences
Kauno klinikos. In all patients, the biopsy protocol included 5 gastric biopsy
samples, according to the updated Sydney system to meet requirements for
staging of gastritis: 2 from the distal antrum mucosa (1 from the greater
curvature and 1 from the lesser curvature), 1 from mucosa of the incisura
angularis at the lesser curvature and 2 from the proximal corpus mucosa
(1 from the anterior wall and 1 from the posterior wall).
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2.5.3. Preparation of gastric mucosa biopsies for histopathological
examination

Biopsy specimens were fixed in 10 % neutral buffered formalin solution
and placed at three different tubes labelled according to the site of the sample
(antrum, incisura angularis, corpus) and embedded in paraffin, and stained
with hematoxylin and eosin and Giemsa stain for H. pylori at the Department
of Pathological Anatomy of Hospital of Lithuanian University of Health
Science Kauno klinikos.

2.5.4. Histopathological examination of gastric mucosal biopsies

The gastric biopsies were evaluated for H. pylori status, gastritis and
premalignant lesions (atrophy and intestinal metaplasia (IM)) according to
the framework of the updated Sydney system [152]. In all cases, premalignant
lesions were staged by aplying the OLGA and OLGIM staging systems,
according to the defined criteria.

2.5.4.1. Grading of H. pylori chronic gastritis:
the updated Sydney system

Gastric biopsy specimens from antrum (including incisura angularis) and
corpus were evaluated separately for five histological parameters: density of
H. pylori, chronic inflammation (lymphoid- monocytic infiltrates), inflamma-
tory activity (neutrophils infiltrates), atrophy and IM. Each of these variables
were graded by the visual analog scales (VAS) into normal or absent, mild,
moderate and severe (0-3 respectively) categories. The values of each biopsy
were averaged separately for antrum (including incisura angularis) and
corpus. According to the topographic distribution of the intensity of inflam-
matory changes gastritis was classified into antral- / corpus-predominant or
pangastritis [152].

2.5.4.2. Staging of H. pylori chronic gastritis:
the OLGA and OLGIM systems

Staging of H. pylori chronic gastritis was based on OLGA and OLGIM
staging systems, which classify gastritis into five stages (0-IV) by using
atrophy and IM scores respectively as important risk factors significantly
correlating with the risk of intestinal-type GC. According to the OLGA and
OLGIM staging frame atrophy and IM scores were assessing at the single
biopsy and gastric mucosal compartment (antrum with incisura angularis and
corpus) levels.
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2.5.4.2.1. Assessing the atrophy and IM scores
at the single biopsy level

For each specimens mucosal atrophy was scored as the percentage of
atrophic glands ( including non- metaplastic and metaplastic phenotypes) on
four-tiered scale by using VAS of the updated Sydney system: no atrophy
(0 %) = score 0; mild atrophy (1-30 %) = score 1; moderate atrophy (31—
60 %) = score 2; severe atrophy (>60 %) = score 3). Analogically, in each
biopsy the degree of IM was scored as the percentage of metaplastic glands
on a four- tiered scale (0- 3) by adopting VAS with the same cut-offs as for
atrophy.

2.5.4.2.2. Assessing the atrophy and IM scores
at the gastric mucosal compartment level

For each gastric mucosal compartment, the overall atrophy and IM scores
were calculated as the average of 3 antrum/incisura angularis biopsies scores
and the average of 2 corpus biopsies scores and ranked on a four- tiered scale
(0-3) with the same cut-offs as for single biopsy level. A combination of the
final antrum and corpus score for atrophy and IM were used to obtained the
OLGA and OLGIM gastritis stages, respectively.

2.5.5. Statistical analysis

Statistical analysis was performed using IBM SPSS software (v 22.0).
Age is presented as mean and median values, while age differences between
the groups were evaluated comparing mean values using a T-test. The Pearson
Chi-squared test to compare sample proportion was applied. The exact
Pearson Chi-squared (y?) test was used to assess concordance of OLGA and
OLGIM stages between MZ and DZ twins. P <0.05 was considered
significant.
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3. RESULTS

3.1. Results of the study: “Transient and persistent
gastric microbiome: adherence of bacteria in gastric cancer
and dyspeptic patient biopsies after washing”

3.1.1. Characteristics of patient groups

The demographics and clinical data of patient groups are listed in
Table 3.1.1.1. The GC group consisted of 12 patients with GC, whereas the
control group consisted of 22 patients with dyspepsia. In the study, 68 % of
patients (n = 23) were female and 32 % (n = 11) were male with the age range
of 22-91 years (median 53 years). Among patients with GC the H. pylori
status was as the following: 9 persons were H. pylori-negative and 3 persons
were H. pylori-positive. Among patients with dyspepsia, 11 individuals were
H. pylori-positive and 11 individuals were H. pylori-negative. The diffuse,
intestinal and mixed types of gastric adenocarcinoma were diagnosed in siXx,
four and two patients, respectively, whereas the second and third G stage of
gastric adenocarcinoma were confirmed in five and seven patients, respec-
tively. According to the topography, three individuals had proximal and nine
patients had distal GC.

Table 3.1.1.1. The demographics and clinical data of patient groups

Mean
. . H. pylori Status Lauren Proximal/
Diagnosis | age | Gender (Histology) Classification G Stage Distal Part
(years)
Gastric 62.2 |Female |Negative Diffuse 2 (n=5) |Proximal
adenocar- m=5) |(n=9) (n=16) n=3)
cmoma Male Positive Intestinal 3 (n=7) |Distal
(n=12) (n=7) |@=3) (n=4) (n=9)
Mixed
(n=2)
Dyspepsia | 48.1 |Female |Negative NA NA NA
(n=22) n=18) |(n=11)
Male Positive
m=4) |(n=11)

NA: Not applicable.
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3.1.2. Comparison of cultured bacteria composition in unwashed
and washed biopsies of dyspepsia and gastric cancer patients

Results of bacterial colonies cultured from the biopsy pairs are
summarised in Table 3.1.2.1. A total of 27 biopsy pairs showed reduced or no
growth in the washed biopsy compared to the growth observed in the
unwashed biopsy. Only 5 biopsy pairs showed unchanged growth, while 3
showed increased growth. The overall number of cultured non-Helicobacter
species decreased in the washed biopsies compared to the unwashed biopsies,
potentially indicating that most of bacteria do not adhere to the stomach
mucosa.

Table 3.1.2.1. Change in growth of bacterial species cultured from the biopsy
pairs

Growth Result Dyspepsia Patients | Gastric Cancer Patients
No bacterial growth in either biopsy |8 biopsy pairs 3 biopsy pairs
Growth in unwashed but not in washed | 4 biopsy pairs 5 biopsy pairs
biopsy
Reduced growth in the washed biopsy | 9 biopsy pairs 9 biopsy pairs
Unchanged growth 1 biopsy pairs 4 biopsy pairs
Increased growth in the washed biopsy | 0 biopsy pairs 3 biopsy pairs

The total number of colonies cultured from unwashed and washed
biopsies are shown in Fig. 3.1.2.1, whereas the percentage distribution of total
cultured bacterial species in each patient groups is presented in Fig. 3.1.2.2
and Table 3.1.2.2.
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Fig. 3.1.2.1. The number of bacterial species isolated from culture of
gastric cancer and dyspepsia patient biopsies

“Others” include Bacillus spp., Corynebacterium spp., Enterobacter spp., Enterococcus spp.,
Haemophilus spp, Micrococcus spp., Neisseria spp., Stenotrophomonas spp.
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Fig. 3.1.2.2. The relative distribution of non-Helicobacter bacteria cultured
from the unwashed biopsies. The percentages can be found in Table 3.1.2.2

“Others” include Bacillus spp., Corynebacterium spp., Enterobacter spp., Enterococcus spp.,
Haemophilus spp, Micrococcus spp., Neisseria spp., Stenotrophomonas spp.
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Table 3.1.2.2. Distribution of total cultured bacterial groups

Dyspepsia Gastric cancer
Unwashed Washed Unwashed Washed

Streptococcus spp. 40 % 43 % 47 % 49 %
Rothia spp. 16 % 14 % 15% 14 %
Actinomyces spp. 16 % 9 % 9 % 6 %
Staphylococcus spp. 8% 6 % 4% 6 %
Granulicatella spp. 7% 6 % 6 % 4%
Lactobacillus spp. 4% 3% 7% 8%
Gemella spp. 2% 9% 5% 3%
Enterococcus spp. 1% 3% 6 % 8%
Micrococcus spp. 2% 3% 2% 0%
Corynebacterium spp. 2% 3% - -

Stenotrophomonas spp. 1% 0% — -

Neisseria spp. 1% 0% - -

Enterobacter spp. 0% 3% - -

Bacillus spp. - — 1% 0%
Haemophilus spp. - - 0% 3%

The cultured bacteria from the unwashed and washed biopsies in dyspep-
sia and GC patients were dominated by Streptococcus spp., followed by
Rothia spp. and Actinomyces spp. The total number of the listed bacterial
colonies was lower in the washed biopsies compared to the unwashed biop-
sies (Fig. 3.1.2.1), whereas the relative abundance of Streptococcus spp. was
higher in the washed biopsies (Table 3.1.2.2).

The distribution of cultured bacteria in biopsies from GC and dyspepsia
patients showed an increase in the relative abundance of Streptococcus and a
decrease in Actinomyces spp. (Table 3.1.2.2, Fig. 3.1.2.2).

3.1.3. Microbiome analysis

3.1.3.1. Comparison of bacterial composition in unwashed and
washed biopsies

Bacterial DNA was detected in all biopsies, even in those were no growth
was observed. The average distribution of the most prevalent bacterial groups
in unwashed and washed biopsies according to patient groups is represented
in Fig. 3.1.3.1.1 and Fig. 3.1.3.1.2.
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Fig. 3.1.3.1.1. Comparison of the bacterial reads from microbiome
analysis of unwashed and washed biopsies from dyspepsia patients
(other bacteria are listed in text below)
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Fig. 3.1.3.1.2. Comparison of the bacterial reads from microbiome
analysis of unwashed and washed biopsies from gastric cancer patients
(other bacteria are listed in text below)

The ten most prevalent groups in the microbiome analysis were Helico-
bacter spp., Streptococcus spp., Prevotella spp., Escherichia spp., Veillonella
spp., Fusobacterium spp., Haemophilus spp., Rothia spp., Neisseria spp., and
Alloprevotella spp. The average relative abundance of H. pylori increased in
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some of the washed biopsies compared to the unwashed, but this was not
always observed in the individual samples (Table 3.1.3.1.1), therefore the
increase in H. pylori was not significantly different.

Table 3.1.3.1.1. Mean and standard error of the 10 most common bacterial
groups as percentage of total bacterial reads in the microbiome analysis

Dyspepsia Biopsy Pairs Gastric Cancer Biopsy Pairs
(n=22) (n=24)
Unwashed Washed Unwashed Washed
(% £ SEM) (% = SEM) (% = SEM) (% + SEM)
Helicobacter spp. 283+79 31.2+8.4 11.8+4.4 12.7+£5.0
Streptococcus spp. 126+1.8 9.6+ 1.8 21.3+43 20.1+4.3
Prevotella spp. 13.9+2.7 11.0+£2.5 64+1.1 6.1£13
Escherichia spp. 7.0£29 10.4+3.8 9.5+£3.6 11.9+3.6
Veillonella spp. 53+09 34+09 35+£1.0 3.7+£0.7
Fusobacterium spp. 48+1.0 43+1.5 42+1.4 37+1.2
Haemophilus spp. 46+1.3 32+0.9 24+0.5 2.0+0.5
Rothia spp. 3.5+0.8 1.9+0.6 22+04 2.0+0.7
Neisseria spp. 22+0.7 1.5+0.6 6.5+2.7 6.8+25
Alloprevotella spp. 1.5+0.5 14+04 1.7+£0.7 1.8+0.7
Other bacteria 17.4+2.7 17.0+3.1 30.57+5.8 293+52

Other bacteria are listed in text below.

The “other bacteria” belong to the bacterial groups that were found in
several of the biopsies and are among the genera: Abiotrophia, Aggregati-
bacter, Atopobium, Campylobacter, Capnocytophaga, Catonella, Corynebac-
terium, Dialister, Eubacterium, Filifacter, Flavobacterium, Gemella, Granu-
licatella, Lachnoanaerobaculum, Lactobacillus, Leptotrichia, Megasphaera,
Oribacterium, Parvimonas, Peptostreptococcus, Porphyromonas, Propioni-
bacterium, Selenomonas, Solobacterium, Staphylococcus, Stenotrophomo-
nas, Stomatobaculum and Treponema (percentages are listed in Table 3.1.3.1.2).
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Table 3.1.3.1.2. Mean and standard error of the most common bacterial
groups belonging to “other bacteria” percentage of total bacterial reads in

the microbiome analysis

Dyspepsia biopsy pairs Gastric cancer biopsy pairs
(n=22) (n=24)
Unwashed Washed Unwashed Washed

(% £SEM) | (% £SEM) | (% =SEM) | (% = SEM)

Abiotrophia spp. 0.013 £0.007 | 0.007 £ 0.009 | 0.104 = 0.055| 0.128 + 0.047
Aggregatibacter spp. 0.139 +0.043 | 0.134 £ 0.044 | 0.103 = 0.038 | 0.187 + 0.086
Atopobium spp. 0.359+£0.113 | 0.31£0.128 [ 0.328 +£0.064 | 0.335 + 0.086
Campylobacter spp. 0.507 +£0.141 | 0.452 £ 0.104 | 0.423 £0.121 | 0.314 £ 0.116
Capnocytophaga spp. 0.455+0.19 | 0.308 £ 0.123 | 0.329 + 0.087 | 0.274 £ 0.079
Catonella spp. 0.311+£0.098 | 0.212 £ 0.056 | 0.093 £ 0.027 | 0.119 £ 0.061
Corynebacterium spp. 0.214+£0.112|0.257+0.175(0.047 £ 0.017 | 0.08 +£0.033
Dialister spp. 0.304 +0.089 | 0.199 £ 0.083 | 0.31+0.132 |0.242 +0.101
Eubacterium spp. 0.123 £0.03 | 0.181 £0.059 | 0.186 £ 0.07 | 0.277 £0.147
Filifactor spp. 0.172 +0.076 | 0.262 £ 0.139 | 0.043 £ 0.012 | 0.08 £ 0.044
Flavobcaterium spp. 1.235+£0.975| 1.27+0.927 |0.164 + 0.063 | 0.575 £ 0.375
Gemella spp. 0.827 £0.228 | 0.82+0.313 |0.861 £0.211 | 1.446 + 0.433
Granulicatella spp. 1.046 £0.219 | 1.093 £ 0.206 | 1.333 £ 0.405 | 1.603 + 0.431
Lachnoanaerobaculum spp. | 0.296 £ 0.066 | 0.271 £ 0.106 | 0.457 £ 0.156 | 0.435 £ 0.137
Lactobacillus spp. 0.013 £0.007 [ 0.012 £ 0.006 | 1.925 +1.245| 10.5 £ 8.878
Leptotrichia spp. 0.459£0.196|0.967 £0.516 | 0.728 £ 0.362 | 0.42 +£0.177
Megasphaera spp. 0.554 £0.188|0.448 £0.143 { 0.219 + 0.062 | 0.196 + 0.059
Oribacterium spp. 0.432+0.09 | 0.336+0.11 |0.329+0.113|0.632 £0.327
Parvimonas spp. 0.229£0.076 | 0.31 +0.188 |1.478 +0.833 |2.508 + 1.555
Peptostreptococcus spp. 0.135+0.045| 0.13+0.066 [2.517 +1.448 |3.319 + 1.892
Porphyromonas spp. 1.765£0.52 | 1.607 £ 0.653 | 0.666 £ 0.198 | 1.241 £ 0.566
Propionibacterium spp. 0.058 +£0.031 [ 0.082 £ 0.026 | 0.141 £ 0.056 | 0.256 + 0.107
Selenomonas spp. 0.167 +0.059 | 0.231 £ 0.082 | 0.087 + 0.022 | 0.088 + 0.031
Solobacterium spp. 0.281 £ 0.062 (0.282 £ 0.103 | 0.674 £ 0.29 | 0.603 £ 0.217
Staphylococcus spp. 0.403 +£0.168 | 0.627 £ 0.153 [ 0.292 +£ 0.077 | 0.728 + 0.351
Stenotrophomonas spp. 0.679 £ 0.54 | 1.128 £ 0.769 | 0.156 + 0.052 | 0.495 + 0.325
Stomatobaculum spp. 0.328£0.12 {0.365+0.115]0.561 £0.332|0.775 £ 0.483
Treponema spp. 0.211+0.076 1 0.391 £ 0.218 | 0.067 = 0.031 | 0.056 + 0.019

SEM: standard error of the mean.

The relative abundance of other non- Helicobacter bacteria was similar
between unwashed and washed samples and neither of the listed bacterial

35



groups showed a significant change in relative abundance in both dyspepsia
or GC groups (Fig. 3.1.3.1.1, 3.1.3.1.2). The bacterial distribution between
the patient groups did not reach statistical significance. The bacterial diversity
within the samples showed no statistical differences between the unwashed
and washed biopsies (P = 0.22581) (Fig. 3.1.3.1.3), and similar bacterial
species were clustered in both groups (P =0.801199) (Fig. 3.1.3.1.4).
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Fig. 3.1.3.1.3. Comparison of the alpha-diversity shown
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Fig. 3.1.3.1.4. Comparison of the beta-diversity between

the two groups shown by PCoA plot (P = 0.801199) in
unwashed biopsies (red) and washed biopsies (blue)
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3.1.3.2. Comparison of bacterial composition in dyspepsia
and gastric cancer patients

The average relative abundance of H. pylori was not significantly
different in untreated biopsies from dyspepsia patients and GC patients
(Fig. 3.1.3.2.1).
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Fig. 3.1.3.2.1. The average relative abundance of the ten most common

bacterial genera of untreated biopsies from dyspepsia patients
and gastric cancer patients

For the majority of bacterial groups, no statistical difference was found
in the distribution of bacteria between dyspepsia and GC patient biopsies.
Nevertheless, a significant increase in the presence of Prevotella spp. was
found in dyspepsia patients (P = 0.0109) and of “other bacteria” in GC
patients (P = 0.0349). This statistical difference in “other bacteria” may be
due to the dominance of Enterococcus spp. in one biopsy pair, whereas more
than 95 % of the bacterial reads were recognized as this. But without this
biopsy pair the difference in “other bacteria” between the patient groups was
not statistically significant. The bacterial diversity in biopsies from dyspepsia
and GC groups did not reach statistical significance within the groups
(P=0.556831) (Fig. 3.1.3.2.2) or between the distribution of species in the
groups (Fig. 3.1.3.2.3).
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the two groups shown by PCoA plot (P = 0.052947) in biopsies
from dyspepsia patients (red) and gastric cancer patients (blue)

A low percentage of the bacterial reads in biopsies from dyspepsia patients
were identified as Lactobacillus spp. (< 0.1 % of total bacterial reads). Most
biopsy pairs from GC patients (30 pairs) did not show presence of Lacto-
bacillus spp.; 6 biopsy pairs showed a relative abundance of 0-0.5 % of total
bacterial reads, and 7 biopsy pairs showed a relative abundance of 0.5-2 %
Lactobacillus spp., while three biopsy pairs showed a high relative abundance
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of Lactobacillus spp., which both increased (from 11 to 27 %) and decreased
(from 23 % to 0.4 % and from 29 % to 5 %) between the unwashed and
washed biopsies. However this difference in Lactobacillus spp. abundance
was not significant between dyspepsia and gastric cancer patients.

3.1.3.3. Comparison of bacterial composition in antrum
and cancer area biopsies of gastric cancer patients

The distribution of bacterial groups showed no significant differences
between the antrum and cancer area biopsies (Fig. 3.1.3.3.1 and Table 3.1.3.3.1).
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Fig. 3.1.3.3.1. The relative abundance of bacteria in untreated biopsies
from the antrum and corpus area of gastric cancer patients

Table 3.1.3.3.1. Mean and standard error as percentage of the 10 most
common bacteria as percentage of total bacterial reads in the microbiome
analysis of biopsies from gastric cancer patients (n = 12)

Antrum area (% £ SEM) | Cancer area (% + SEM)
Helicobacter spp. 145+73 9.1+49
Streptococcus spp. 17.6 £5.1 25.1+£6.9
Prevotella spp. 74+1.6 53+15
Escherichia spp. 6.1+£2.7 129+6.6
Veillonella spp. 43+£1.8 27+2.0
Fusobacterium spp. 62+2.6 2.1+0.8
Haemophilus spp. 22+0.7 2.6+0.9




Table 3.1.3.3.1. Continued

Antrum area (% £+ SEM) Cancer area (% + SEM)
Rothia spp. 2.8+0.8 1.6+ 0.5
Neisseria spp. 73+44 5.6+£3.2
Alloprevotella spp. 1.9+1.0 1.5+0.9
Other bacteria 29.6+7.6 34.1+8.8

SEM: standard error of the mean.

The diversity of bacteria in biopsies from antrum and cancer area in the
corpus did not reach statistical differences in the bacterial diversity within the
sample areas (P =0.960995) (Fig. 3.1.3.3.2) or between the two sample areas
(P=0.111888) (Fig. 3.1.3.3.3).
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Fig. 3.1.3.3.2. Comparison of the alpha-diversity shown
by a Shannon Index (P = 0.960995) within the sample areas
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Fig. 3.1.3.3.3. Comparison of the beta-diversity between shown

by PCoA plot (P = 0.111888) in biopsies from antrum area (red)
and corpus area (blue) in the stomach

3.1.4. Analysis of bacterial composition in association with H. pylori

H. pylori was detected in 14 of 34 patients (41 %) by histology and only
in 4 biopsies from 2 patients by culture, despite incubation for additional days.
Microbiome analysis found DNA from H. pylori in 16 of 34 patients (47 %)
as the only species of Helicobacter in the biopsies.

Three different distribution types of H. pylori and non-Helicobacter were
identified: 4 biopsy pairs showed almost complete dominance of H. pylori
(> 90 % of total bacterial reads in at least one of the biopsies) (Fig. 3.1.4.1),
16 biopsy pairs showed a mixed relative abundance of H. pylori and other

bacteria (Fig. 3.1.4.2) and 26 biopsy pairs showed none or less than 1 % of
total bacterial reads identified as H. pylori (Fig. 3.1.4.3).
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Fig. 3.1.4.1. The distribution of H. pylori and non-Helicobacter species
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Fig. 3.1.4.2. The distribution of H. pylori and non-Helicobacter species
by mixed presence of non-Helicobacter and H. pylori
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Fig. 3.1.4.3. The distribution of H. pylori and non-Helicobacter species
by absence of H. pylori

The bacterial diversity in the gastric samples defined as positive or nega-
tive for H. pylori by histology has reached statistical significant differences.
The H. pylori-negative biopsies showed a significantly higher diversity com-
pare to H. pylori-positive biopsies (P = 0.004353) (Fig. 3.1.4.4).
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Fig. 3.1.4.4. The alpha-diversity shown by a Shannon Index (P = 0.004353)
within the group

A significant difference in the bacterial diversity was observed between
biopsies determined positive or negative for H. pylori (P = 0.0009999),
showing that the presence of H. pylori may change the bacterial community
to allow for a unique composition (Fig. 3.1.4.5).
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3.2. Results of the study: “Gastric microbiome in twins”

3.2.1. Characteristics of twin groups

The demographics and clinical data of twins groups are listed in
Table 3.2.1.1.

Table 3.2.1.1. The demographics and clinical characteristics of patient groups

Twin pairs Monozygotic n (14) Dizygotic n (10)
Gender of twins within | MM FF MF MM FF MF
a pair n(3) n(11) - n(1) n (5) n (4)
Mean (median) age 40.3 (39.5) 43.2 (43)

MM: both twins of male gender; FF: both twins of female gender; MF: twin pair comprised
of a male and a female twin.

3.2.2. Gastric microbiome profile

Whereas H. pylori totally colonized the stomach (Fig. 3.2.2.1), the struc-
ture of the microbiome in the gastric biopsies was defined by H. pylori status.
Hence, H. pylori twins were grouped separately from negative twins.
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Fig. 3.2.2.1. Gastric microbiome in twins

Global bacteria composition analysis of stomach demonstrates that
gastric (corpus and antrum biopsies) in H. pylori negative twins is mainly

colonized by Streptococcaceae (Fig. 3.2.2.1).

3.2.3. H. pylori status
The overall prevalence of H. pylori among twins was 55 %. (Fig. 3.2.2.1
B to E). 16 out of 24 twin pairs were concordant for the H. pylori and 8 out

of 24 twin pairs were discordant. H. pylori status was similar in MZ and DZ
twins. According to PCoA H. pylori was the main factor for differentiating

twins based on their microbial composition in the gastric (Fig. 3.2.3.1).
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Fig. 3.2.3.2. Percentage of Bray-Curtis similarities
of the bacterial communities in twin pairs in gastric
between monozygotic and dizygotic twins

MZ: monozygotic, DZ: dizygotic.

Besides this the percentage of Bray-Curtis similarities was not statistical
different between MZ and DZ twins (Fig. 3.2.3.2), indicating that zygosity
posibly does not affect the gastric microbial composition.

46



3.3. Results of the study: “Gastritis stages in monozygotic
and dizygotic dyspeptic twins”

3.3.1. Demographic characteristics and H. pylori status of subjects

Major demographic data of twins are presented in Table 3.3.1.1. The
study included 29 twin pairs (58 subjects): 14 pairs of MZ and 15 pairs (10
same-sex pairs and 5 mixed-sex pairs) of DZ twins. The mean and median
age (years) of MZ and DZ twins was 40.3 (39.5) and 38.6 (36), respectively
(P=0.623).

Table 3.3.1.1. Demographics and H. pylori status distinguishing monozygo-
tic versus dizygotic twins

. . Monozygotic Dizygotic

Twin pairs n (14) n (15) P value
Gender of twins within MM FF MF MM FF MF
a pair n(3) | n(11) - n(l) | n(9) | n(®
Mean (median) age 40.3 (39.5) 38.6 (36) 0.623
Concordant 5 5
H. pylori-positive status
Concordant
H. pylori-negative status 4 > 0.893
Discordant 5 5
H. pylori-negative status

MM: both twins of male gender; FF: both twins of female gender; MF: twin pair comprised
of a male and a female twin.

The overall prevalence of H. pylori infection was 51.7 %. Concordance
rates for H. pylori infection prevalence among monozygotic and dizygotic
twins was 35.7 % and 33.3 %, respectively (P = 0.891). Among monozygotic
twins, the H. pylori status (Hp status) was as the following: five pairs were
Hp-positive, four pairs were Hp-negative, and five pairs were Hp-discordant.
Among dizygotic twins, five pairs were Hp-positive and five pairs were Hp-
negative, and in five pairs, the Hp-status was discordant. Concordant Hp-
status (both Hp-positive and Hp-negative) in monozygotic and dizygotic
twins was determined in 9/14 (64.3 %) and in 10/15 (66.7 %) twin pairs,
respectively (P =0.893) (Table 3.3.1.1).

3.3.2. Histological alterations of gastric mucosa in twins

Concordance of topographical extension of atrophic lesions among
monozygotic and dizygotic twins is shown in Table 3.3.2.1.
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Table 3.3.2.1. Concordance of topographical extension of atrophy and IM in
monozygotic and dizygotic twins

) . Monozygotic Dizygotic
Twin pairs P value
n (14) % n (15) %
Concordance according to 11 786 1 733 0.742
antrum athrophy
Concordance according to 13 929 13 86.7 0.584
corpus athrophy
Concordance according to 12 85.7 1 733 0411
antrum IM
Concordance according to
corpus IM 12 85.7 13 86.7 0.941

IM: intestinal metaplasia.

The distribution of monozygotic and dizygotic twins according to OLGA
and OLGIM gastritis stages is demonstrated in Table 3.3.2.2. The prevalence
of low-risk OLGA and OLGIM stages among mono- and dizygotic twins was
100 % and 93.3 %, respectively, whereas the prevalence of high-risk stages
was 0 % and 6.7 %, respectively. Concordance according to OLGA and OLGIM
stages between monozygotic and dizygotic twins did not reach statistical
significance (P =0.097 and P = 0.175, respectively).

Table 3.3.2.2. Gastritis stage (OLGA and OLGIM systems) in monozygotic

and dizygotic twins

Stage OLGA-staging OLGIM-staging
Monozygotic | Dizygotic Monozygotic | Dizygotic | P value
twins twins Pvalue twins twins
n28) | % [n@30) | % n(28) | % | n@30) | %
0 18 | 64.3 24 80 19 | 679 24 80
I 9 321 3 10 8 28.6 3 10
11 1 3.6 1 33 0.097 1 3.6 1 33| 0.175
1 - - 2 6.7 - - 2 6.7
v - - - - -

OLGA: Operative Link on Gastritis Assessment; OLGIM: Operative Link on Gastritis/
Intestinal-Metaplasia Assessment.
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Tables 3.3.2.3 and 3.3.2.4 show the prevalence of similar or different
gastritis stages (grouped in low versus high risk) in monozygotic and dizy-
gotic twins distinguished by their Hp-status (Hp-positive pair, Hp-negative-
pair, and Hp-discordant pair). Low-risk stages (stages 0-1-1I) largely prevailed
among both mono- and dizygotic twins (only two cases featured a high-risk
stage (stage III, by OLGA and OLGIM). By applying both OLGA and
OLGIM staging, no differences emerged in the distribution of twins by stage
after performing a comparison of low- versus high-risk stages.

Table 3.3.2.3. Gastritis OLGA-stage according to the H. pylori status: twins
are distinguished according to zygosity

Twins pair
H. pylori-positive | H. pylori-negative | H. pylori-discordant
Group of stages (10 pairs) (9 pairs) (10 pairs)
MZ DZ MZ DZ MZ DZ
Similar low-risk stage
(0-1-1D) > 4 ! > > )
Similar high-risk stage 3 _ _ _ _ _
(II-1V)
Discordant stage B 1 _ _ _ 1
(O-I-1I versus II-1V)

MZ: Monozygotic; DZ: Dizygotic.

Table 3.3.2.4. Gastritis OLGIM-stage according to the H. pylori status
distinguished by zygosity

Twins pair
H. pylori-positive | H. pylori-negative | H. pylori-discordant
Group of stages (10 pairs) (9 pairs) (10 pairs)
MZ DZ MZ DZ MZ DZ
Similar low-risk stage
(0-1-11) 5 4 4 5 5 4
Similar high-risk stage 3 3 _ _ _ _
(III-IV)
Discordant stage 3 1 _ _ _ 1
(0-I-1I versus 1II-IV)

MZ: Monozygotic; DZ: Dizygotic.
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4. DISCUSSION

4.1. “Transient and persistent gastric microbiome:
adherence of bacteria in gastric cancer and dyspeptic
patient biopsies after washing ”

4.1.1. Comparison of washed and unwashed biopsies

A decreased bacterial growth from the washed biopsies compared to the
unwashed biopsies observed in our study (Fig. 3.1.2.1, Table 3.1.2.1) might
indicate that the bacteria removed by washing were not adhering to the biopsy
and should be considered as a transient part of the gastric microbiota. We
observed that Streptococcus spp. was predominant non-Helicobacter bacte-
rial group in the biopsies. This may either be explained by a higher starting
concentration in the unwashed biopsy or an increased ability to adhere to the
tissue, compared to the other bacteria in the biopsies.

The non-Helicobacter species identified in our study have been described
by previous studies as oral, upper airways or intestinal commensals, including
species of the dominant groups Streptococcus, Rothia and Actinomyces [73,
83, 84, 113, 170]. Intestinal-originated bacteria like Enterococcus spp. as well
as Escherichia spp. were also identified with both culture and microbiome
analysis and may be attributed to the overgrowth from the intestines. The low
detection of Staphylococcus spp. in microbiome analysis compared to culture
may be explained by selection of growth of Staphylococcus, as species of this
bacterial group are facultative aerobic with a fast growth rate.

Based on our hypothesis, it was expected, that only H. pylori would
remain in the washed biopsies. However, the number of non-Helicobacter
bacteria remained in washed biopsies. Besides this, the average relative
abundance and diversity of these bacteria within the biopsies did not signifi-
cantly change after several washing steps (Fig. 3.1.3.1.1 and 3.1.3.1.2). This
imply that some of non-Helicobacter bacterial groups must be able to adhere
to the biopsies and may remain in the gastric mucosa, therefore should be
further explored.

4.1.2. Comparison of gastric cancer and dyspepsia patients

Although carcinogenesis of GC has been associated with a progressive
shift in gastric microbiota towards oral and intestinal bacteria [58], there is
still no specific bacterial genera in the only of the patient groups [58, 171].
Our expectation was that a different bacterial composition would be observed
in the GC compared to dyspepsia patients. However, in our study the bacterial
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diversity between biopsies from control group and GC patients showed no
significant differences (Fig. 3.1.3.3.1).

We observed a higher abundance of Lactobacillus spp. in GC group
biopsies compared to control group biopsies in both the culture and microbio-
me analysis, however this difference was not statistical significant. Therefore
the statement that species of Lactobacillus are involved in the carcinogenesis
of GC might not be generally correct. Species of Lactobacillus were cultured
from four biopsies, whereas no reads were identified in the microbiome
analysis. In comparison 16 biopsies were negative for culture of Lactobacillus
spp., but positive in the microbiome analysis. An explanation for the
discrepancy in culture and microbiome analysis can be that 16S rRNA-based
analysis is more sensitive, and able to to detect the presence of bacteria in
small quantities. On the other hand 16S rRNA gene amplicon sequencing is
not genus-specific, hence, the 16S rRNA genes from several bacteria are
amplified simultaneously. For instance, if Lactobacillus spp. are present in
small quantities, the presence of a high amount of other DNA may drown it
out, and it will not be detected. Combined with a selection in the culture for
microaerobic-growing bacteria, the abundance of Lactobacillus spp. may
appear higher in this experiment setting. Therefore this difference between
methods should also be considered in future culture- and sequencing-based
studies.

A study by Blaser and Atherton discussed whether H. pylori is a main
factor of GC development, or if its presence is enough to change the gastric
microenvironment and allow colonization of other bacteria, which in turn
may promote the development of GC [172]. It was agree that long-term
colonization causes inflammation and damage to the host tissues but that the
mechanism leading to development of GC is not well understood [172]. In
order to fully understand the pathological changes of other non-Helicobacter
species in the stomach, infection assays should be performed on human cell
cultures or model organisms with gastrointestinal tracts more similar to
humans.

4.1.3. Bacterial composition in association with H. pylori

H. pylori was only cultured from two biopsies after extended culture,
despite that its presence in other patients was confirmed by histology and
microbiome analysis. Moreover, microbiome analysis identified H. pylori in
two biopsies, while the histology was negative for H. pylori. This comparison
of methods demonstrates that culture, histology and 16S rRNA gene se-
quencing are not always in accordance, and investigation of bacterial com-
munities using several methods is preferred. Similarly, it was demonstrated
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by previous study, where H. pylori was detected with sensitive DNA-based
methods in subjects who previously were found to be negative for H. pylori
with conventional methods [58]. Beside this, identification of H. pylori
through the culture is ussually challenging or even impossible because of its
slow growth and fastidious nature or ability to take a coccoid form during
prolonged incubation [73]. The culture results are still considered to be valid,
as other species were cultivated, and thus, the medium and growth conditions
must have been sufficient for bacterial growth. However, in order to culture
all the present bacteria in the biopsies, several other medium types and
atmospheres might have been considered.

We expected that the relative distribution of H. pylori should be increased
after wash, along with the removal of contaminating bacteria. However this
was not observed in all cases (Fig. 3.1.3.1.1 and 3.1.3.1.2). The findings from
microbiome sequencing demonstrated three types of H. pylori and non-H.
pylori bacteria distrubution in the gastric environment, suggesting that the
stomach is more complex than previously thought (Fig. 3.1.4.1-3.1.4.3). The
geographical origin of the patients can be also important for natural variations
in the microbiota. Our findings contribute to the theory that relatioship
between H. pylori and non-Helicobacter bacteria is a dynamic process, and
previous discrepancies between studies may be caused by natural difference
between patients. The ten most prevalent groups with microbiome analysis
agrees with the groups detected in other reported next-generation sequencing
(NGS)-studies [58].

The biopsies showing positive or negative for H. pylori by histology
analysis showed significant differences in the bacterial diversity within
(P =0.004353) and between (P = 0.000999.4) the groups (Fig. 3.1.4.4 and
3.1.4.5), presupposing that H. pylori may promote changes in the environ-
ment to allow for survival of other bacteria as suggested by Blaser and
Atherton [172]. Similar findings were also obtained by Maldonado-Contreras
et al., which discovered a difference in the bacterial diversity based on
H. pylori-status [84]. Patients negative for H. pylori presented a higher rela-
tive abundance of Actinobacteria and Firmicutes, whereas H. pylori-patients
represented a higher abundance of Proteobacteria and Acidobacteria.

The most common bacterial groups identified in the culture and micro-
biome analysis shows few similarities, and only two genera in the 10 most
abundant groups from the microbiome analysis were cultured. Even though,
both Gemella and Granulicatella were detected in several biopsies but not in
high enough reads to be included in the top 10. The difference between the
methods may be determined by selection of certain bacteria in the micro-
aerobic incubation. Four of the 10 most common groups have been described
as anaerobes or strict anaerobes (Prevotella, Veillonella, Fusobacterium,

52



Neisseria), preventing them from growing in the microaerobic environment
used in this study. H. pylori was found in 47 % of the biopsies by microbiome
analysis but only cultured from two biopsy pairs. The biopsies were stored in
the transport medium at —80 °C, which might have decreased the viability of
H. pylori. It may be suggested that other bacteria identified by microbiome
analysis were also present in the biopsies but were inhibited by the storage/
freezing, and therefore unable to be cultured.

4.2. “Gastric microbial in twins”

It has been hypothesized that host genetics may determine the compo-
sition of the gut microbiome [17], even though the genetic inheritance of
microbial composition has been recently questioned [173]. The role of host
genetics in shaping of microbiome has been proposed earlier [174], however,
more recent evidence highlight the predominant role of environmental
factors, (such as age, sugar consumption, toothbrushing habits) versus the
host factors in defining the bacterial composition in twins [175-177]. The
concept of stomach microbiome is still evolving with an ongoing discussion
about what constitutes a gastric microbiome [83, 178].

While the largest studies related to twins have been dealing with easily
accessible specimens like saliva and feces, only limited data were available
for systematic characterization of mucosal microbiome in other body niches
such as stomach. In the only available study at present, the authors evaluated
four pairs of twins with very heterogeneous results [18]. In our study, we
evaluated microbiome in the largest cohort (20 twin pairs) that were represen-
tative for various combinations of MZ and DZ including concordant and
discordant for H. pylori status. Even though larger cohorts are needed to
estimate the minor effects in concordant groups, we clearly demonstrate the
predominant role of H. pylori status in defining composition of the gastric
microbiome in twins irrespective of zygosity status. Our data are in agreement
with previous studies where H. pylori is the major gastric microbiome
shaping species [61, 179]. In earlier high-quality studies, familial environ-
ment and H. pylori status were considered as the predominant risk factors for
peptic ulcer development which is supported by our results [180].

This work provides important findings on the stomach microbiome in
twins, even so, various further aspects need more accurate evaluation. Even
though this work is so far the largest to assess the stomach microbiota in
twins, we are unable to address the microbial similarity in depth for the
substantial effect of H. pylori on stomach microbiota. Further studies in larger
cohorts of MZ, DZ and predominantly non-twin siblings would likely help to
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estimate the dynamics in microbial patterns. This cohort included only a
single time point, whereas multiple time points would be needed to assess.
Furthermore, this work is based on 16s rRNA, therefore, whole genome se-
quencing including metatranscriptomic would likely provide a much more
comprehensive view on the similarity and function of the stomach micro-
biome.

4.3. “Gastritis stages in monozygotic and dizygotic
dyspeptic twins”

Our study has investigated the phenotype of H. pylori-associated gastritis
in two cohorts of monozygotic (14 pairs) and dizygotic (15 pairs) twins. The
results of our study revealed high concordance rates of gastric mucosal
alterations both in monozygotic and dizygotic twins. To our best knowledge,
to date, there have been no previous reports, which have assessed the
importance of shared genetic influences on susceptibility and phenotype of
chronic H. pylori gastritis and premalignant gastric alterations on a well
defined twin cohort.

Epidemiological contexts, case-controls, and twins studies have addres-
sed the issue of the possible interaction between different host-related and
environmental risk factors in the promotion of gastric precancerous lesions
and gastric mucosal atrophy. These factors have been extensively studied
among the patients with precancerous gastric lesions and included virulence
factors of H. pylori strains, environmental factors (smoking, salted food, etc.),
or genetic predisposition of the host [145, 181]. To date, however, the exact
factors that trigger malignant transformation from normal gastric mucosa
towards gastric cancer are not completely understood.

A previous study conducted in Sweden involving monozygotic (36 pairs)
and dizygotic (88 pairs) twins reared apart revealed that the concordance rate
for H. pylori infection was significantly higher among monozygotic twins
(82 %) than among dizygotic (66 %) twins [180]. Slightly higher concordance
rates for H. pylori infection prevalence among monozygotic (35.7 %) versus
dizygotic (33.3 %) have also been observed in the present study. The diffe-
rence, however, did not reach statistical significance, probably due to a small
number oftwin pairs. Based on case-control studies in different geographical
regions, which evaluate the prevalence of H. pylori infection and the develop-
ment of gastric atrophy and IM, first-degree relatives of GC patients are
associated with an increased risk for GC. A Marcos-Pinto et al. [181] study
showed that first-degree relatives of early-onset gastric carcinoma patients
have significantly higher prevalence of H. pylori, AG, and advanced stages
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of OLGA. H. pylori was present in 82 % of cases and in 59 % of controls
(P=10.001); AG was diagnosed in 70 % of cases and in 32% ofcontrol
individuals, respectively (P <0.001), while OLGA stages III and IV were
present in 10% and 9% in both groups, respectively (P < 0.001). The results
of Rokkas et al. [182] meta-analysis showed similar results: their pooled
OR of H. pylori infection, AG, and IM between individuals with family
history of GC were 1.92-fold (P < 0.001), 2.2-fold (P = 0.005), and 1.98-fold
(P <0.001) higher, respectively, in comparison with controls. These results
can be influenced by the exposition of shared environmental factors (alcohol,
smoking, salted and smoked food, and hygiene) between family members,
circulation of intrafamilial H. pylori strains [183—185], and genetic suscep-
tibility [186—188].

Our study showed that there was no difference in concordance rates for
chronic H. pylori gastritis among monozygotic twins (64.3 %, 9/14 pairs) as
compared to dizygotic twins 66.7 % (10/15 pairs) (P = 0.893). This could
partly relate to the fact that twins share the same environment in early child-
hood and genetic predisposition for H. pylori acquisition might be less
important. Concordance of topographical extension of atrophy and IM was
higher among monozygotic twins but did not reach statistical significance.
There were no statistical differences in concordance rates according to OLGA
and OLGIM stages between monozygotic and dizygotic twins (P = 0.097 and
0.175, respectively). It is very important to point out that 11 of 14 monozy-
gotic twin pairs and 10 out of 15 dizygotic twins had absolute concordance
for OLGA stages. Similarly, 10 out of 14 monozygotic twin pairs and 10 out
of 15 dizygotic twins had absolute concordance for OLGIM stages. These
findings suggest that if one twin is identified with high- risk premalignant
gastric lesions, the other twin should also be assessed for these alterations.

A relatively small number of the study population represent the main
limitation of the present study. The numbers of individual twins within our
study group were not very large, and certain effects might have been biased.
The design of the study also did not allow us to evaluate as to what extent
gastric mucosal alterations in twins are related to the common shared genetic
factors per se or shared environmental factors during childhood and later on
in lifetime. There might also have been a certain selection bias, because our
study included only twins with dyspeptic symptoms.
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CONCLUSIONS

The number of cultured non-Helicobacter bacteria decreased in the
washed biopsies, suggesting that they might be a transient contamination
from oral cavity. However, in the microbiome analysis, no significant
differences in the bacterial diversity were observed between unwashed
and washed biopsies.

The bacterial diversity in the biopsies from dyspepsia and gastric cancer
patients showed no significant differences.

The bacterial diversity in biopsies that were H. pylori-positive and
H. pylori-negative was significantly different, implying that H. pylori is
the major modulator of gastric microbiome.

The zygosity does not affect the stomach bacterial composition. However,
the presence of H. pylori seems to be the determinant for differentiating
twins based on their bacterial composition in the stomach irrespective of

Zygosity.

Pathomorphological alterations of gastric mucosa in monozygotic and
dizygotic twins showed high rates of concordance. However the prema-
lignant lesions rated by OLGA and OLGIM gastritis stages were not
modulated by the zygosity of the twins.
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SUMMARY IN LITHUANIAN

1. Jvadas

Skrandzio adenokarcinoma yra viena labiausiai paplitusiy onkologiniy
ligy pasaulyje, pagal sergamuma ir mirtinguma uzZimantj penktaja ir ketvirtaja
vieta i§ visy piktybiniy naviky [1]. Si skrandZio véZio forma pagal Lauren
klasifikacijg histologiSkai skirstoma j tris pagrindinius tipus (iSvardyti pagal
daznuma klinikingje praktikoje mazéjancia seka): zarninj, difuzinj ir misry [2,
3]. Siy morfologiniy adenokarcinomos tipy i$sivystymui jtakos turi H. pylori
[4], kuri 1994 m. Tarptautinio vézio tyrimo centro prie PSO buvo pripazinta
I klasés kancerogenu [5], o su skrandzio véziu taip pat buvo pradétos sieti ir
kitos, skrandyje egzistuojancios, potencialiai patogeninés bakterijos. DidZioji
dalis skrandzio mikrobiotos studijy pasaulyje atlieckamos, siekiant i$siaiSkinti
galimg kancerogeninj mikrobiotos poveikj Zarninio tipo adenokarcinomai.
Difuzinio tipo skrandzio vézys lyginant su Zarninio tipo adenokarcinoma daz-
niau siejamas su zmogaus genetiniais veiksniais nei su H. pylori ar aplinkos
veiksniais [4], todé¢l skrandzio mikrobiotos reikSmé jo atzvilgiu yra iStirta
maziau.

Pasaulyje placiai paplitusi H. pylori infekcija (uzsikréte apie 50 proc.
pasaulio populiacijos) iki $iol yra pagrindinis skrandzio vézio rizikos veiks-
nys [6], aktyvinantis daugiapakope Correa P. pasitlyta ikivéziniy pokyciy
seka, kuriai progresuojant i§sivysto zarninio tipo skrandzio adenokarcinoma.
Vis délto lieka neaisku, kodél tik 1-2 proc. asmeny, uzsikrétusiy H. pylori,
18sivysto skrandzio vézys [7], o jos eradikacija nebiitinai sumaZzina skrandzio
vézio i8sivystymo rizika [8, 9]. Paskutiniais metais atlikti tyrimai parodé, kad
tarp atskiry ikivéziniy pokycCiy stadijy (Iétinio gastrito, atrofinio gastrito,
zarninés metaplazijos, displazijos) ir skrandzio vézio egzistuoja skrandzio
mikrobiotos sudéties pokyciy ir skirtumy [10]. Pagrindinis Siy poky¢iy bruo-
zas yra progresuojantis H. pylori sumaz¢jimas, susij¢s su jvairiy skrandyje
kolonijas formuojan¢iy mikroorganizmy pagauséjimu arba sumazéjimu [10].
Sie radiniai pagrindzia hipoteze, kad polinkis susirgti skrandzio véziu yra
susijes ne tik su genetiniais [11] ir aplinkos veiksniais (rikymu, nesaikingu
druskos vartojimu ir kt.) [12, 13], bet gali biiti nulemtas ir skrandyje aptin-
kamy bakterijy. Be to, jmanoma Siy bakterijy jtaka skrandzio véziui formuotis
rodo skrandzio mikrobiotos metabolity skirtumai tarp navikinio audinio ir jj
supancios aplinkinés gleivings, nustatyti studijomis, tirian¢iomis skrandzio
mikrobiotos medziagy apykaita [14].

Vis délto tikslus taksonominis skrandzio disbiozés modelis bei priezasti-
nio ry$io grandiné tarp disbioziniy skrandzio pokyc¢iy ir jo karcinogenezés
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Siuo metu néra nustatyti. Siekiant atrasti tikslesnj skrandzio mikrobiotos ir
karcinogenezés modelj, svarbu nustatyti sveiky ir skrandzio véziu serganciy
asmeny laiking ir nuolating skrandzio mikrobiota, kartu istirti kompleksinj
aplinkos ir zmogaus genetiniy veiksniy poveikj mikrofloros sudéciai ir tumo-
rogenezei.

Plataus masto genomo asociacijos tyrimy duomenimis, apie 10 proc.
zmogaus mikrobiotos jvairovés priklauso nuo jo genetiniy veiksniy [15],
taCiau Sis rySys dar néra visiSkai istirtas. Tod¢l studijos, atlickamos siekiant
i$siaiskinti sgveika tarp Zmogaus genetiniy variacijy ir mikrofloros sudéties,
yra labai svarbios. Dvyniy studijos yra vienas i§ geriausiy tyrimo metody,
vertinant genetikos jtakg mikrobiomui bendroje aplinkoje. Paskutiniais metais
atliktos dvyniy studijos jrodé¢ paveldimumo jtakg Zarnyno mikrobiomo su-
deciai [16, 17]. Taciau studijy, analizuojanc¢iy skrandzio mikrobioma panau-
dojant dvyniy modelj, néra daug, todél paveldimumo jtaka jo mikrobiomo
sudéciai iki Siol néra jrodyta [18].

Paveldimumas taip pat yra svarbus Zarninio tipo skrandzio adenokarci-
nomai, kuriai kaip ir difuziniam jos tipui, yra buidinga Seimin¢ skrandzio
vézio anamnez¢ [19]. PrieSingai nei difuziné Sio vézio forma, zZarninis skran-
dzio vézys, veikiamas aplinkos veiksniy [20, 21], vystosi pereidamas daugia-
pakope ikivéziniy skrandzio gleivinés pokyciy sekg. Dél Sios priezasties
pavykus iSsiaiskinti, ar ikivéziniy pokyciy, tokiy kaip atrofinis gastritas, feno-
tipas yra paveldimas, biity galima kurti naujus personalizuotus skrandzio
veézio rizikos vertinimo ir stebésenos metodus pirmos eilés giminaifiams.
Taciau studijy, analizuojanciy gastrito fenotipo koreliacija panaudojant dvyniy
modelj Siuo metu néra atlikta.

2. Tikslas ir uzdaviniai

Tikslas

Nustatyti su skrandzio véziu siejamus mikrobiotos pakitimus ir palyginti
dvyniy skrandzio mikrobiotos bei 1étinio gastrito fenotipy skirtumus.
UZdaviniai
1. Istirti laikinos ir nuolatinés skrandzio mikrobiotos pakitimus pacien-
tams, sergantiems skrandzio véziu, bei pacientams, turintiems dis-
pepsijos simptomy.
2. Palyginti pacienty, serganc¢iy skrandzio véziu, bei pacienty, turinciy
dispepsijos simptomy, skrandZzio mikrobiotos sudét;.
Ivertinti H. pylori jtaka skrandzio mikrobiotos sudéciai.
4. Ivertinti zigotiSkumo jtakg dvyniy skrandZio mikrobiotai.

(98]
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5. Palyginti monozigotiniy ir dizigotiniy dvyniy skrandzio gleivinés
patomorfologinius pokycius naudojant OLGA/OLGIM gastrito
histologinj klasifikavima.

Darbo naujumas

Karcinogeninis skrandzio mikrobiotos poveikis pastaraisiais deSimtme-
Ciais tapo aktualia mikrobiotos studijy sritimi. Nors, pasitelkus naujas
genomines bakterijy tyrimy technologijas, ankstesnés studijos jrodé, kad, be
H. pylori, dalj skrandzio mikrobiotos sudaro daugybé kity bakterijy riisiy,
taciau apibendrinamosios iSvados, kurios i§ bakterijy rasiy yra laikinos, o
kurios sudaro nuolatinj skrandzio mikrobioma, néra suformuluotos. Todél
pirmoji musy tyrimo dalis buvo skirta patikrinti hipoteze, ar H. pylori yra
vienintel¢ bakterija, skrandyje egzistuojanti kaip nuolatiné skrandzio mikro-
biotos dalis, galinti i$likti dominuojancia bakterija biopsijose po taikyto plo-
vimo. Mes jvertinome nuolatinés ir laikinos skrandzio mikrobiotos sudétj,
palygindami bakterijy sudéties pokycius plautose ir neplautose skrandzio
biopsijose. Tai yra pirmasis pasaulyje tyrimas, kuriame, naudojant bakterijy
16S rRNR variabilaus regiono pagausinimg PGR metodu, buvo bandoma
nuodugniai iSskirti laiking ir nuolating skrandzio mikrobiota sudarancias
bakterijas ir palyginti skrandzio véziu serganciy bei dispepsijos simptomy
turin¢iy pacienty skrandzio mikrobiotg. Tyrimo rezultatai yra svarbiis siekiant
nustatyti, ar H. pylori nulemti mikrobiotos poky¢iai gali skatinti skrandZio
karcinogeneze.

Pastaruoju metu didelio susidoméjimo taip pat sulauké Zmogaus geneti-
kos ir mikrobiotos sgveika [22]. Pasitelkus viso genomo asociacijos tyrimus,
rySys tarp genetiniy variacijy ir zZarnyno mikrobiomo buvo analizuojamas
keletoje studijy [23][24]. Nors daugelis identifikuoty geny lokusy buvo
susieti su mikroorganizmy taksonomine jvairove ir sudéties skirtumais, tac¢iau
daugelis $iy radiniy buvo nustatyti tiriant tikslines populiacijas ir yra sunkiai
atkartojami. Taigi, svarstant, ar zmogaus skrandzio mikrobiomo jvairove gali
nulemti paveldimi veiksniai, reikalingos tolimesnés studijos siekiant nustatyti
zmogaus genetikos ir mikrobiomo saveika [25]. Tod¢l antroji miisy tyrimo
dalis buvo skirta nustatyti zigotiSkumo jtaka dvyniy skrandzio mikrobiotos
sudéciai.

Zinoma, kad skrandzio gleivinés ikivéZziniai pakitimai, pavyzdziui, atro-
finis gastritas, vystosi progresuojant létiniam H. pylori gastritui, kuris yra vei-
kiamas zmogaus genetiniy ir aplinkos veiksniy, taciau $is rySys dar néra
galutinai iStirtas. Taigi, studijos, tirianc¢ios aplinkos ir paveldimumo jtaka
morfologinéms létinio H. pylori gastrito savybéms, yra labai svarbios. Todél
treciosios misy tyrimo dalies tikslas buvo jvertinti ir palyginti monozigotiniy
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ir dizigotiniy dvyniy létinio gastrito fenotipy skirtumus. Miisy Ziniomis tai
yra pirmasis tyrimas, iStyres dvyniy skrandzio gleivinés poky¢ius.

3. Metodai

Tyrimas atliktas gavus Lietuvos Bioetikos komiteto leidima (Protokolo
Nr. 8/2011) ir Kauno regioninio Biomedicininiy tyrimy etikos komiteto
leidimg (Protokolo Nr. BE-2-10). Visi asmenys pasirasé sutikimo dalyvauti
tyrime formas.

Tiriamieji

I pirmaja tyrimo dalj buvo jtraukti Lietuvos sveikatos moksly univer-
siteto ligoninés Kauno kliniky (toliau — Kauno kliniky) Gastroenterologijos
klinikos pacientai, sergantys naujai diagnozuotu skrandZzio véZiu, ir pacientai,
turintys dispepsijos simptomy. Jie sudaré kontroline tyrimo grupe. | tyrimag
buvo jtraukti tik vyresni nei 18 mety amziaus pacientai, kuriems anksc¢iau
nebuvo taikyta H. pylori eradikacija bei 3 ménesius iki endoskopinio tyrimo
nebuvo skiriami protony siurblio inhibitoriai (PSI) ir antibiotikai. Anks¢iau
netaikytas skrandzio vézio gydymas buvo papildomas kriterijus skrandzio
vézio grupés pacientams. IS viso  tyrimg jtraukéme 12 pacienty, serganciy
skrandzio véziu, ir 22 kontrolinés grupés pacientus.

Antrosios ir treciosios tyrimo dalies tiriamyjy grupes sudaré Lietuvos
sveikatos moksly universiteto (LSMU) Biologiniy sistemy ir genetiniy tyrimy
instituto Dvyniy centro dvyniy poros. Tyrime dalyvavo tik vyresni nei 18
mety amziaus dvyniai, kuriems anks¢iau nebuvo taikyta H. pylori eradikacija
bei 1 ménes;j iki endoskopinio tyrimo nebuvo skirtas gydymas PSI ir antibio-
tikais. Antrosios tyrimo dalies imtj sudaré 20 dvyniy pory, turin¢iy dispep-
sijos simptomy ir dalyvaujanciy studijoje, kuri buvo sudaryta i§ 108 dvyniy
pory ir skirta iStirti dvyniy seiliy, skrandzio ir storojo zarnyno mikrobiotos
sudéciai.

Treciosios tyrimo dalies imtj sudaré 29 dvyniy poros: dvidesSimt dvyniy
pory i§ antrosios tyrimo dalies ir devynios naujai | $ig tyrimo dalj itrauktos
dvyniy poros.

Tyrimo eiga ir metodika

Pirmojoje tyrimo dalyje tiriamiesiems ezofagogastroduodenoskopijos
(EFGDS) metu atskiromis biopsinémis Znyplémis atliktos antralinés skran-
dzio dalies gleivinés biopsijos bei paimtos skrandzio vézio grupés pacienty
papildomos biopsijos i§ vézio apimtos zonos gleivinés. Pirmoji biopsija i$
kiekvienos srities buvo perkeliama j mégintuvélj su specialia terpe ir Saldoma
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—80 °C temperatiiroje, antroji prie§ perkeliant j specialig terp¢ ir uzsaldant
buvo du kartus plaunama PBS buferyje, o trecioji naudojama histologinei
H. pylori identifikacijai. Bakterijos skrandzio gleivinés meéginiuose buvo
identifikuojamos naudojant biopsijy pasélius ir MALDI-TOFF (angl. matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry) masés
spektometrijos tyrimg bei atlickant bioinformating 16S rRNR biblioteky
duomeny analize¢ (BION-META (hAttp.//box.com/bion) paketas). Statisting
duomeny analiz¢ atlikta naudojant ,,GraphPad Prism* (5.01 versija) programa
ir R paketa.

Antrojoje tyrimo dalyje dalyviams EFGDS metu atliktos prievarc¢io bei
skrandzio kiino gleivinés biopsijos, kurios buvo i§ karto perkeliamos ]
meégintuvélius be terpés ir Saldomos —80 °C temperatiiroje. Bakterijy DNR ir
RNR i$ biopsinés medziagos buvo isskirtos naudojant ,,Allprep DNA/RNA
mini kit* (Qiagen, Vokietija) rinkinj, o 16S rRNR bibliotekos buvo paruostos
naudojant 16S rRNR variabilaus regiono pagausinima PGR metodu. Statisti-
né¢ duomeny analiz¢ atlikta naudojant R paketa.

Atliekant treciaja tyrimo dalj dvyniams EFGDS metu paimtos skrandzio
gleivinés biopsijos pagal atnaujintos Sidnéjaus klasifikacijos protokola. Sios
biopsijos pagal éminio topografine vieta buvo perkeltos i atskirus mégintu-
velius, uzpildytus 10 proc. formalino tirpalu. Véliau Sie méginiai buvo liejami
1 parafininius blokelius ir ruoSiami histologiniams preparatams. H. pylori
identifikacijai histologiniai preparatai buvo dazomi hematoksilino-eozino
(HE) ir Gimzos metodais. Histologiniai audiniy preparatai buvo vertinami
pagal atnaujintg Sidnéjaus klasifikacijg bei OLGA ir OLGIM gastrito stadija-
vimo sistemas. Statistiné duomeny analiz¢ atlikta naudojant /BM SPSS
Statistics for Windows (22.0 versija) programa.

4. Rezultatai

pateikti 4.1 lentel¢je.
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Vidutinis H. pylori Lauren S&ran(?z'lo
. . v . . G véZio sritis —
Diagnozé¢ | amZius Lytis statusas klasifika- . s
(metai) (Histologija) cija stadija | Proksimaliné/
Distaliné
Skrandzio | 62,2 Moterys |Neigiamas Difuzinis |2 Proksimaliné
adenokar- n=5) |n=9) (n=06) (n=5) (n=3)
cinoma Vyrai Teigiamas Zarninis |3 Distaliné
(n=12) (n=7) |(n=3) =4 |@=7) |@0=9)
Misrus
(n=2)
Dispepsija | 48,1 Moterys | Neigiamas - - —
(n=22) m=18) |(n=11)
Vyrai Teigiamas - - -
n=4) |(n=11)

IS 4.2 lenteléje pateikty duomeny matyti, kad 27 biopsijy porose po
plovimo pasé¢liai buvo neigiami arba juose nustatytas sumazejes ne-Helico-
bacter bakterijy kolonijy skaicius, 5 biopsijy pory paseliuvose ne-Helicobacter
bakterijy kolonijy skaiciaus pokyc¢iy nenustatyta, o 3 porose plauty biopsijy
pasélivose kolonijy skaicius buvo didesnis uz kolonijy skaiciy neplauty
biopsijy pasé¢liuose. Tai rodo, kad dalis bakterijy, kaip ir buvo tikétasi, buvo
iSplautos i§ skrandzio gleivinés kaip laikina mikroflora.

4.2 lentelé. Neplauty ir plauty skrandzio gleivinés paséliy rezultaty paly-

ginimas
Neplauty ir plauty biopsijy paséliy rezultatai DngI;euppS;jos Skrargl;llilili)évéiio
Igs::&z: biopsijy grupése bakterijy augimo 8 biopsijy poros | 3 biopsijy poros
Il?:slgﬁiiits;eaugimas stebétas tik neplauty biopsijy 4 biopsijy poros 5 biopsijy poros
S:;Eﬁi?f: bakterijy augimas plauty biopsijy 9 biopsijy poros | 9 biopsiiy poros
Abiejose biopsijy grupése bakterijy augimo 1 biopsijy pora 4 biopsijy poros

poky¢€iy nestebéta

Pagauséjes bakterijy augimas plauty biopsijy
paséliuose

0 biopsijy pory

3 biopsijy poros

Atlikus mikrobiotos analize, statistiSkai reikSmingy bakterijy rasiy jvai-
rovés (a jvairoves) (p = 0,22581) bei jy riisinio pasiskirstymo (B jvairoves)
(p =0,801199) skirtumy neplautuose ir plautuose skrandzio gleivinés mégi-
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niuose nenustatyta. StatistiSkai reikSmingy bakterijy o (p=0,556831)ir B (p =
0,052947) jvairovés skirtumy taip pat nenustatyta ir tarp pacienty grupiy.
Taciau statistiSkai reikSmingai gausesné (p = 0,004353) ir skirtinga (p =
0,0009999) riisine bakterijy jvairove nustatyta méginiuose be H. pylori paly-
ginti su méginiais, kuriuose H. pylori buvo nustatyta.

Antrojoje tyrimo dalyje atlike dvyniy skrandzio mikrobiotos analizg, nu-
statéme, kad skrandzio gleivinés méginiuose esanti H. pylori yra dominuo-
janti bakterijy rusis. Streptococcaceae buvo vyraujanti ne-Helicobacter
bakterijy Seima. 8 i§ 20 dvyniy pory H. pylori atzvilgiu buvo diskordantiskos.
Analizé parodé, kad H. pylori yra pagrindinis veiksnys, jtakojantis dvyniy
skrandzio mikrobiotos sudétj. Be to, lyginant bakterijy sudéties panaSuma
pory méginiuose pagal Brei-Kurtis (angl. Bray-Curtis) kriterijy, statistiSkai
reik§mingy skirtumy tarp dvyniy grupiy nenustatyta.

Dvvniu poros Monozigotinés Dizigotinés verté
yniup n (14) n (15) P
Dvyniy lytis poroje VV | MM | VM VV | MM | VM
n(3) | n(11) - n(l) | n(9) | n(5)
Amziaus vidurkis (mediana) 40,3 (39,5) 38,6 (36) 0,623

VV: abu dvyniai vyriskosios lyties; MM: abu dvyniai moteriskosios lyties; VM: dvyniy pora
sudaryta i§ vyriskosios ir moteriskosios lyties individy.

H. pylori konkordantiSkumas tarp monozigotiniy ir dizigotiny dvyniy
pory statistiSkai reikSmingai nesiskyré (p = 0,893). Ivertinus OLGA ir OLGIM
gastrito stadijy konkordantiSkumg tarp monozigotiniy ir dizigotiniy dvyniy,
statistiSkai reikSmingy skirtumy taip pat nebuvo nustatyta (p=0,097,
p=0,175).

5. ISvados

1. Po plovimo méginiuose sumazgjes bakterijy kolonijy skaicius jrodo, kad
dalis skrandyje aptinkamy bakterijy riiSiy yra laikinos, o bakterijy risiy
Jvairove bei jy rusinis pasiskirstymas neplautuose ir plautuose skrandzio
gleivinés méginiuose statistiSkai reikSmingai nesiskyre.

2. StatistiSkai reikSmingy skrandzio mikrobiotos pokyc¢iy sergant skrandzio
véziu nenustatyta.
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StatistiSkai reikSmingi bakterijy jvairovés pokyciai meéginiuose, esant
H. pylori, rodo, kad H. pylori yra pagrindinis veiksnys, jtakojantis skran-
dzio mikrobiotos sudét;.

ZigotisSkumo jtakos skrandzio mikrobiotos sudéciai nenustatéme. H. pylori
buvo pagrindinis veiksnys, itakojantis dvyniy skrandzio mikrobiotos
sudétj, neatsizvelgiant j jy zigotiSkuma.

Patomorfologiniy skrandzio gleivinés pokyc¢iy konkordantiskumo daznis
tarp monozigotiniy ir dizigotiniy dvyniy buvo aukstas, tac¢iau ikivéZziniai
poky¢iai, stadijuojami pagal OLGA ir OLGIM gastrito klasifikavimo
sistemas, nebuvo nulemti dvyniy zigotiSkumo.
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Abstract: Helicobacter pylori is a common colonizer of the human stomach, and long-term colonization
has been related to development of atrophic gastritis, peptic ulcers and gastric cancer. The increased
gastric pH caused by H. pylori colonization, treatment with antibiotics or proton pump inhibitors
(PPT) may allow growth of other bacteria. Previous studies have detected non-Helicobacter bacteria
in stomach biopsies, but no conclusion has been made of whether these represent a transient
contamination or a persistent microbiota. The aim of this study was to evaluate the transient and
persistent bacterial communities of gastric biopsies. The washed or unwashed gastric biopsies were
investigated by cultivation and microbiota analysis (165 rRNA gene-targeted amplicon sequencing)
for the distribution of H. pylori and other non-Helicobacter bacteria. The number of cultured
non-Helicobacter bacteria decreased in the washed biopsies, suggesting that they might be a transient
contamination. No significant differences in the bacterial diversity were observed in the microbiome
analysis between unwashed and washed biopsies. However, the bacterial diversity in biopsies shown
H. pylori-positive and H. pylori-negative were significantly different, implying that H. pylori is the
major modulator of the gastric microbiome. Further large-scale studies are required to investigate the
transient and persistent gastric microbiota.

Keywords:  gastric microbiota; transient; persistent; culture; microbiome; sequencing;
Helicobacter pylori

1. Introduction

1.1. Helicobacter Pylori Colonization of the Stomach

Helicobacter is a group of Gram-negative, curved or spiral-shaped bacteria, of which
Helicobacter pylori is the most commonly known species [1]. H. pyiori is able to colonize the human
stomach by moving through the gastric mucin layer, and long-term colonization may increase
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the risk for development of atrophic gastritis, peptic ulcers and ultimately gastric cancer [2-5].
Approximately 30% of adults in developed countries and 80% of adults in developing countries are
colonized with H. pylori, and of these, 1-3% further develop gastric cancer [6,7]).

H. pylori has only been shown as a natural colonizer in humans, but another Helicobacter species
capable of gastric colonization in humans is Helicobacter heilmanii [8,9]. The prevalence of infection
with H. heilmanii is much lower than of H. pylori and it has been described less than 0.5% of patients
undergoing upper gastric endoscopy [10].

Due to gastric peristalsis, mucus thickness, low pH and secretion of bile and acid, it was initially
believed that no bacteria could survive in the inhospitable stomach environment [2,3,11]. Later,
studies detected H. pylori as the only bacterium in stomachs with a healthy low pH, while more bacteria
were detected at higher pH [12]. The mucus thickness and viscosity are pH-dependent, and a decreased
acidity caused by H. pylori colonization, atrophic gastritis, treatment with antibiotics or proton pump
inhibitors (PPI) may reduce the acidic protection of the stomach, leading to bacterial overgrowth and a
higher diversity [13-16]. An alteration of the gastric bacterial composition has also been reported in
cases of gastric cancer, with an increase of both oral and intestinal bacterial groups [16]. Recent studies
have described the presence of a non-Helicobacter gastric microbiota, suggesting that other bacteria are
able to live in the strict environment of the stomach [13].

1.2. Previous Studies of the Gastric Microbiota

Initial studies on gastric bacterial communities were reported in the 1980s [17]. Since then,
several studies have investigated the presence of H. pylori and non-Helicobacter bacteria by cultivation
methods and DNA-based methods [16,17]. Zilberstein et al. cultured gastric biopsies in aerobic
and anaerobic conditions and found Veillonella, Lactobacillus and Clostridium to be the predominant
bacterial groups [18]. They concluded that species of these bacterial groups may be transiently
present [18]. Li et al. performed 165 rRNA gene amplicon sequencing on gastric biopsies from healthy
people and patients with gastritis and observed a community dominated by species of Prevotella,
Streptococcus, Veillonella, Rothia and Haemophilus [14]. Similar results were obtained by Bik et al. by
165 rRNA gene amplicon sequencing, where the dominating genera were found to be Streptococcus,
Prevotella, Rothia, Fusobacterium and Veillonella [2]. A study by Delgado et al. on healthy patients
identified Lactobacillus as one of the most abundant genera in the stomach as well as Strepfococcus and
Propionibacterium by 165 TRNA gene amplicon pyrosequencing [19]. A study by Dicksved etal. detected
a bacterial community of Streptococcus, Lactobacillus, Veillonella and Prevoiella, with a low abundance of
Helicobacter [20]. The study found no significant differences in the gastric bacterial communities of
patients with gastric cancer or dyspepsia [3]. Maldonado-Contreras et al. investigated the microbial
composition by 165 rRNA gene amplicon hybridization and found non-Helicobacter bacteria such as
Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes to be dominating [21]. Yu et al. identified
similar phyla in the gastric stomach area and other body sites [22]. The authors performed a functional
profiling of the stomach microbiota and concluded that though similar phyla were present in these
areas, the microbiota of the different areas presented different functions [22]. A systematic review
by Rajilic-Stojanovic et al. compared the results of papers investigating the gastric microbiota by
next-generation sequencing (NGS) [16]. Approximately 2/3 of the described papers detected species of
Prevotella, Streptococcus, Veillonella, Neisseria, Fusobacterium and Haemophilus and have described that the
microbiota is subject-specific and differ between individuals [16]. More than 65% of the bacterial groups
found in the stomach have also been identified in the human oral cavity, and many bacteria identified
in the stomach may originate from the oral cavity or as reflux from the intestine [3]. Previous studies
have not been conclusive about whether the detected non-Helicobacter bacteria represent a transient
contamination of the stomach or if they belong to the persistent gastric microbiota.
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1.3. H. pylori and the Non-Helicobacter Microbial Conmunity

The human stomach has been described to contain a core microbiome mainly consisting of
Prevotella, Streptococcus, Veillonella, Rothia and Haemophilus spp., influenced by diet, inflammation
and medication [3]. However, the effect of H. pylori colonization on the bacterial diversity has not
been established yet. Andersson et al. investigated the bacterial composition with 165 rRNA gene
amplicon pyrosequencing and found complex microbial communities with a great diversity in the
absence of H. pylori [23]. When present, H. pylori accounted for 90% of the bacteria, and diversity
was decreased [23]. This agrees with other findings of a large variation in the bacterial community
depending on the presence or absence of H. pylori [4,12,16,21]. The study by Maldonado-Contreras
associated H. pylori colonization with an increase of Proteobacteria, Spirochetes and Acidobacteria and
decrease of Actinobacterin, Bacteroidetes and Firmicutes [21]. Other studies have opposed the suggestion
that the diversity of bacteria in the stomach is negatively affected by the presence of H. pylori [2,22,24].
As such, the significance of H. pylori on the presence of other bacteria in the gastric environment
remains unknown. In a study by Sanduleanu et al., the non-Helicobacter bacteria in the stomach
were found to contaminate both the gastric juices and the mucosa during gastric acid inhibition [15].
A study by Li et al. investigated the effect of washing on the bacterial content of gastric biopsies [14].
The majority of bacteria remained in the biopsies even after several washing steps, and in particular,
Streptococcus were not removed [14]. Colonization with H. pylori has been associated with increased
inflammation and development of gastric atrophy, which may cause overgrowth of other bacteria as
the environment turns less acidic [25]. The presence of a complex microbial community in an atrophic
stomach may further promote inflammation, malignancies and cancer development [25].

1.4. Microbial Effects on the Development of Gastric Cancer

H. pylori is classified as a class I carcinogen, and colonization with this species is associated
with an increased risk for gastric cancer [26]. The precise mechanism for this development is not
known in detail, but it may be affected by diet and interactions with the gastric microbiota [27]. It has
been hypothesized that the presence of a specific microbiota promotes inflammation and that other
bacteria in addition to H. pylori may further promote cancer development [26]. The pH is usually
increased in the stomachs of gastric cancer patients, resulting in atrophic gastritis and subsequent
loss of H. pylori, as the environment becomes less acidic [28]. Several studies of the gastric microbiota
in the settings of gastric cancer have been performed. A study by Dicksved et al. compared the
microbiota of biopsies from patients with gastric cancer and dyspepsia by terminal restriction fragment
length polymorphism [20]. They identified complex compositions of bacteria in gastric cancer biopsies
but with no significant differences in the microbial compositions compared to dyspepsia patient
biopsies [20]. A low abundance of H. pylori and a dominance of species from Streptococcus, Lactobacillus,
Veillonella and Prevotelln were observed in biopsies from gastric cancer patients [20]. Another study by
Ferreira et al. investigated the bacterial composition in biopsies from patients with atrophic gastritis
and gastric cancer [29]. They detected a reduced microbial diversity in gastric cancer patients and
found an abundance of less than 5% H. pylori in most gastric cancer patients [29]. Based on calculations
of a microbial dysbiosis index, the presence of a dysbiotic microbiota in the gastric cancer patients
was suggested, compared to the microbiota of individuals with atrophic gastritis [29]. In particular,
the microbiota of gastric cancer biopsies showed increased abundances of the groups Actinobacteria
and Firmicutes, while the presence of the groups Bacieroidetes and Fusobacteria were decreased [29].
Yuetal. analyzed the microbiota of gastric cancer biopsies and identified H. pylori as the most
abundant bacterial species present, followed by bacteria associated with the oral environment [22].
A decrease in Proteobacterin and increase in Bacteroidetes, Firmicutes and Spirochetes were observed in
gastric cancer tissue, but comparisons of microbiota in the corpus and antrum areas of the stomach
showed no differences [22]. An altered bacterial composition has also been reported in cases of gastric
cancer, with an increase of both oral and intestinal bacterial groups [16].
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1.5. Definition of Persistent and Transient Microbiota and Microbiome

In this study, the gastric microbiota is defined as the persistent bacteria that adhere to the gastric
mucosa. The gastric microbiome is defined as the collection of microbial genes in the stomach,
which also include the community of non-adherent, transient bacteria [30]. Previous studies have
not been able to agree on whether the bacteria identified in the stomach represent a true microbiota
or are contamination from the oral cavity. It is therefore not clear which bacteria belong to the true
gastric microbiota.

The main aim of this study was to investigate the presence of persistent and transient bacterial
communities by comparing the changes in bacterial composition of washed and unwashed gastric
biopsies. It is the first comprehensive attempt to distinguish between the transient and resident bacteria
of the stomach using 165 rRNA gene sequencing.

The second aim of this study was to investigate and compare the gastric microbiota of gastric
cancer patients and dyspepsia patients. The results will contribute to the ongoing debate about whether
the process of gastric carcinogenesis is mediated through a microbial shift caused by H. pylori. Biopsies
from both cancerous and non-cancerous tissue were included, and dyspepsia patients were involved
as controls of a healthy microbiota.

The hypothesis of our experimental setup is that H. pylori is the only true gastric microbiota of
the stomach and will be the predominant bacterium that is able to remain in the washed biopsies.
Although other studies have shown the presence of non-Helicobacler bacteria in the stomach, these will
be expected to be present at least in the unwashed biopsies, as transient contamination from other
niches [3].

2. Experimental Section/Materials and Methods
2.1. Sampling of Gastric Biopsies

Twenty-two patients with dyspepsia and twelve patients with gastric cancer were included in the
study. The distribution was 68% female (n = 23 patients), 32% male (1 = 11 patients) and an age range of
22-91 years (median 53 vears). Clinical information about the patients is listed in Table 1. The exclusion
criteria for the patients were age below 18 years, a previous history of H. pylori eradication, use of
PPI within the last 3 months, use of antibiotics within the last 3 months, and previous treatment of
gastric cancer. Three antral biopsies were taken about 4 cm from pylorus from patients with dyspepsia
(n = 22 patients) by gastroscopy. From patients with gastric cancer (1 = 12 patients), three antrum
biopsies were taken about 4 cm from pylorus, and three biopsies were taken from the cancer area in
the corpus. The biopsies were obtained between November 2017 and June 2019. The first biopsy was
immediately used for histology to examine the presence of H. pylori. Histological slides were stained
with haematoxylin/eosin, and a Giemsa stain was used to confirm the presence or absence of H. pylori.
Figure 1 shows a histological sample positive for H. pylori infection.

Table 1. Clinical data of patients included in the study.

" 4 Mean Age H. pylori Status Lauren Proximal/Distal
Pisgnosis {years) ‘sendec (Histology) Classification o Seaige Part
Gastric adenocarcinoma 2.2 Female Negative Diffuse 2 Proximal
(n=12) — (n=5) n=9) (n=6) (n=5) n=3)
Male Positive Intestinal 3 Distal
=7 n=3) (hn=4) n=7) (n=9)
Mixed (n = 2)
Dyspepsia (n = 22) 181 yemale Megative NA NA NA
& ) ) (n=18) (it=11)
Male Positive

(=4 (n=11}

NA: Not applicable.
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Figure 1. The positive results of Helicobacier pylori infection by Giemsa stain. Black circles indicate
stained H. pylori (blue) that are attached to the gastric epithelial cells.

All patients participating in the study have signed an informed consent form. The study protocol
has been approved by Kaunas Regional Bioethics Committee (Protocol No: BE-2-10; P1-BE-2-31).

The second biopsy was immediately transferred to the transport medium Portagerm pylori
(bioMérieux, Marcy L'Etoile, France) and stored at —80 °C. The third biopsy was placed in a tube
with sterile 4 °C PBS, collected by sterile forceps and washed for 15 s in 4 °C PBS and transferred
to a new sterile tube containing 4 °C PBS. This step was repeated twice, after which the biopsy was
placed in the transport medium Portagerm pylori (bioMérieux, Marcy L'Etoile, France) and stored
at —80 °C. These biopsies were then transported to the Copenhagen University Hospital (Rigshospitalet)
for culture.

2.2. Culture of Gastric Biopsies and Identification of Single Colonies

Biopsies were cultured on 7% defibrinated horse blood agar plates (SSI Diagnostica A/S,
Hillered, Denmark), placed in serum bouillon with 10% glycerol (SSI Diagnostica, Hillered, Denmark),
and frozen at —80 °C. The agar plates were incubated 6 days at 37 °C in microaerobic conditions
(10% COg, 5% O3); the observed growth was noted, and single colonies of each morphology were
isolated on new 5% horse blood agar plates (SSI Diagnostica A/S, Hillerad, Denmark). The plates
with the isolated cultures were incubated at 37 °C in microaerobic conditions until visible growth was
seen (1-3 days). Each isolate was transferred to a MALDI-TOF target plate, treated with 1uL HCAA
matrix (Bruker Daltonics, Billerica, MA, USA), analyzed with MALDI-TOF Mass Spectrometry (Bruker
Daltonics, Billerica, MA, USA), and the protein profile was compared to the database Compass (Bruker
Daltonics, Billerica, MA, USA) to identify the species. The biopsies were then transported to Statens
Serum Institute for microbiome analysis (165 rRNA gene amplicon sequencing).

2.3. Microbiome Analysis (165 rRNA Gene Amplicon Sequencing)

DNA was extracted from the biopsies using a QlAamp DNA mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instruction for tissues. For each batch of DNA extraction, a negative
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control without sample material was included for downstream analysis. DNA was amplified using
a two-step PCR using a modified version of the published universal prokaryotic primers 341F
(ACTCCTAYGGGRBGCASCAG) and 806R (ACTCCTAYGGGRBGCASCAG) targeting the V3-V4
regions of the 165 rRNA gene. Amplicons were sequenced on the Illumina MiSeq desktop sequencer
(Ilumina Inc., San Diego, CA, USA), using the V2 Reagent Kit.

2.3.1. Library Preparation

Purified genomic DNA from each sample was initially amplified in a 25 uL reaction, using
the REDExtract-N-Amp PCR ReadyMix (Sigma-Aldrich, St Louis, MO, USA) with 0.4 uM of each
165 rRNA gene primer and 2 uL template. The 165 PCR conditions were the following: an initial
denaturation at 95 °C for 2 min, 20 cycles of 95 °C for 30 s, 60 °C for 1 min and 72 °C for 30 s and
final elongation at 72 °C for 7 min. This PCR run is referred to as PCR1. The product from PCR1
was prepared for sequencing by a second PCR (referred to as PCR2), using the same PCR protocol
as described above. PCR2 attached an adaptor A, an index i5 and a forward sequencing primer site
(FSP) in the 5" end of the amplicons and an adaptor B, an index i7 and a reverse sequencing primer
site (RSP) to the 3" end of the amplicons. DNA was quantified using the Quant-IT™ dsDNA High
Sensitive Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA) and PCR2 products were pooled in
equimolar amounts between samples. Agencourt AMPure XP bead (Beckman Coulter, Brea, CA, USA)
purification was performed to remove undesirable DNA amplicons from the pooled amplicon library
(PAL) in a two-step process. First, DNA fragments below 300 nucleotides length were removed by
a PAL AMPure beads 10:24 ratio, following the manufacturer’s instructions, and eluted in 40 uLL. TE
butfer (AM1). Secondly, large DNA fragments above 1kbp were removed by AM1 to AMPure beads
10:16 ratio as previously described. The resulting AMPure beads purified PAL (bPPAL) was diluted to a
final concentration of 11.5 pM DNA in a 0.001 N NaOH and used for sequencing on the lllumina MiSeq
desktop sequencer (lllumina Inc., San Diego, CA, USA). The library was sequenced with the 500-cycle
MiSeq Reagent Kit V2 in a 2 x 250 nt setup (Illumina Inc., San Diego, CA, USA). The sequencing was
performed at Statens Serum Institute (SSI).

2.3.2. Bioinformatics

BION-META (http://box.com/bion), a newly developed analytical semi-commercial open-source
package for 165rRNA gene and other reference gene analysis classifying mostly species was used, and the
data were processed following the previously described automated steps [31,32]. After BION-META
analysis, taxonomy tables were made with the identified phylum, class, order, family, genus, species and
number of reads. The data from the sequencing were submitted to European Nucleotide Archive with
the accession number PRJEB38555.

2.3.3. Statistics of Microbiome Analysis Results

The ten most abundant genera across all samples are shown in staggered bar plots in which samples
are ordered according to a hierarchical clustering based on Bray Curtis dissimilarities and ward-linkage.
The difference in the distribution of bacterial groups between biopsies was analyzed with an unpaired
f-test using the graphing and statistics program GraphPad Prism version 5.01 (San Diego, CA, USA).

Analysis of the microbiome diversity was performed in the statistical computing program R,
version 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria) using the packages phyloseq
v.1.24.3 and vegan v. 2.5-2. Figures were created using the packages ggplot2 v.3.2.0 and plotly v. 4.8.0.
Alpha-diversity of samples as well as relative abundance of individual genera were compared
pairwise between groups with Mann-Whitney rank sum tests and adjusted for multiple testing using
Bonferroni correction. Principal coordinate analysis (PCoA) of samples was performed based BIONs
species-level classification on Bray Curtis dissimilarity. Within-group similarities were compared to
between-group similarities with analysis of similarities (ANOSIM test) using 1000 random permutations
to estimate p-value.
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3. Results
3.1. Comparison of Bacterial Composition in Unwashed Biopsies and Washed Biopsies

3.1.1. A Decrease in Cultured Bacteria was Observed for the Washed Biopsies

The overall number of cultured non-Helicobacter species decreased in the washed biopsies
compared to the unwashed biopsies, suggesting that many bacteria do not adhere to the tissue.
A total of 27 biopsy pairs showed reduced or no growth in the washed biopsy compared to the growth
observed in the unwashed biopsy (Table 2). Only 5 biopsy pairs showed unchanged growth, while 3
showed increased growth.

Table 2. Change in growth of bacterial species cultured from the biopsy pairs.

Growth Result Dyspepsia Patients Gastric Cancer Patients
No bacterial growth in either biopsy 8 biopsy pairs 3 biopsy pairs
Growth in unwashed but not in washed biopsy 4 biopsy pairs 5 biopsy pairs
Reduced growth in the washed biopsy 9 biopsy pairs 9 biopsy pairs
Unchanged growth 1 biopsy pairs 4 biopsy pairs
Increased growth in the washed biopsy 0 biopsy pairs 3 biopsy pairs

The total number of colonies of cultured Strepfococcus spp. decreased, but its relative abundance was
higher in the washed biopsies compared to the unwashed biopsies (Figure 2, Table 3). The cultured bacteria
in the biopsies were dominated by Streptococcus spp., followed by Rothia spp. and Actinomyces spp. (Table 3).

Number of colonies cultured from
unwashed vs. washed biopsies

50
70
(ilt]
50
40
30
20
L
0 |
UNWASHED WASHED
B Aciinomyces spp u Gemella spp u Grannficatelia spp.
Lactobacillus spp. 8 Rothia spp. B Staphylococcus spp.

B Streptocaceis spp. B Others

Figure 2. The number of bacterial species isolated from culture of gastric cancer and dyspepsia patient
biopsies. “Others” include Bacillus spp., Corynebacterium spp., Enterobacter spp., Enterococcus spp.,
Haemophilus spp, Micrococcus spp., Neisseria spp., and Stenotrophonionas spp.
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Table 3. Distribution of total cultured bacterial groups.

Dyspepsia Gastric Cancer
Unwashed Washed Unwashed Washed
Streptococcus spp. 40% 43% 47% 49%
Rothia spp. 16% 14% 15% 14%
Actinomyces spp. 16% 9% 9% 6%
Staphylococcus spp. 8% 6% 4% 6%
Gramulicatella spp. 7% 6% 6% 4%
Lactobacillus spp. 4% 3% 7% 8%
Gemella spp. 2% 9% 5% 3%
Enteracoccus spp. 1% 3% 6% 8%
Micrococcus spp. 2% 3% 2% 0%
Corynebacterium spp. 2% 3% = ”
Stenotrophomonas spp. 1% 0%
Neisseria spp. 1% 0% - -
Enﬂ’mbﬂf!er“;i:bp. 0% 3%
Bacillus spp. - - 1% 0%
Haemaophilus spp. - - 0% 3%

3.1.2. Microbiome Analysis

Bacterial DNA was detected in all biopsies, even in those were no growth was observed.
The ten most prevalent groups in the microbiome analysis were Helicobacter spp., Streptococcus spp.,
Prevotella spp., Escherichia spp., Veillonella spp., Fusobacterium spp., Haemophilus spp., Rothia spp.,
Neisseria spp., and Alloprevotelln spp. (Figure 3). The average relative abundance of H. pylori increased
in some of the washed biopsies compared to the unwashed, but this was not always observed in
the individual samples (Table 4). The increase in H. pylori was therefore not significant. The “other
bacteria” belong to over 100 different bacterial groups, of which some species were only present in
few biopsies. The bacterial groups that were found in several of the biopsies are among the genera:
Abiotrophia, Aggregatibacter, Atopobium, Campylobacter, Capnocytophaga, Catonella, Corynebaccterium,
Dialister, Eubacterium, Filifacter, Flavobacterium, Gemella, Granulicatella, Lachnoanaerobaculum, Lactobacillus,
Leptotrichia, Megasphaera, Oribacterium, Parvimonas, Peptostreptococcus, Porphyromonas, Propionibacterium,
Selenomonas, Solobacterium, Staphylococcus, Stenotraphomonas, Stomatobaculum and Treponema (Table 5).
The relative abundance of other non-H. pylori bacteria was similar between unwashed and
washed samples, and none of the listed groups showed a significant change in relative abundance in
either dyspepsia patients (Figure 3a) or gastric cancer patients (Figure 3b). No significant differences
were observed in the bacterial distribution between the patient groups. Comparison of the bacterial
diversity within the samples showed no significant differences between the unwashed and washed
biopsies (Figure 3c), and similar bacterial species were clustered in both groups (Figure 3d).
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Table 4. Mean and standard error of the 10 most common baclerial groups as percentage of total
bacterial reads in the microbiome analysis.

Dyspepsia Biopsiy Pairs (i = 22) Gastric Cancer Biopsy Pairs (n = 24)
Unwashed (% = SEM) Washed (% + SEM) Unwashed (% + SEM) Washed (% + SEM)

Helicobwcter spp. 28379 312+£84 11844 127 £5.0
Streptococcus spp. 12618 96=18 21343 20143
Prevoteila spp. 139427 1M0+25 64+11 61+13
Lacherichia spp. 70£29 104 + 38 95236 119 +36
Veillonella spp. 53+09 3409 35+10 37x07
Fusobacteriuti spp. 48+1.0 43x15 42+14 37x12
Haemophilus spp. 4613 3209 24405 2005
Rothia spp. 3508 1906 2204 2007
MNeisseria spp. 2207 1.5 0.6 65+£27 6825
Alloprevotelin spp. 15+05 14=04 1.7 +0.7 1.8+07
Other bacteria 174+27 170+ 3.1 5T + 5.8 293+52

Table 5. Mean and standard error of the most common bacterial groups belonging to “other bacteria”
as percentage of total bacterial reads in the microbiome analysis.

Dyspepsia Biopsy Fairs (n = 22) Gastric Cancer Biopsy Pairs (in = 24)

Unwashed (% £ SEM)  Washed (% = SEM)  Unwashed (% = SEM}  Washed (% + SEM)
Abiotraphia spp. 0.013 + 0.007 0,007 + 0.00% 0.104 + 0.055 0.128 + 0,047
Aggregatibacter spp. (1139 + 0.043 0134 + 0.044 0.103 + 0.038 0.187 + 0.086
Atopobinan spp. 0.359 + 0.113 03140128 0,328 + 0.064 0.335 + 0.086
Campylobacter spp. 0507 +0.141 0452 + 0,104 0423 £ 0121 0314 + 0116
Capocytophaga spp. (0.455 £ 0.19 0.308 £ 0.123 0.329 £ 0.087 0.274 £ 0,079
Catonella spp. 0.311 = 0.098 0212 + 0.056 0,093 £ 0.027 0.119 & 0.061
Corynebwcterium spp. 0214 £ 0.112 0.257 £ 0,175 0,047 £ 0.017 0,08 £0.023
Dialigter spp. 0.304 & 0.089 0199 & 0.083 0310132 0.242 % 0.101
Eubacteriim spp. 0123 £ 0.03 (.181 £ 0.054 0.186 + 0.07 0.277 + 0.147
Filifictor spp. 0.172 + 0.076 0.262 + 0,139 0.043 £ 0.012 0.08 +0.044
Flapobeateriunt spp. 1.235 + 0L.975 1.27 + 0927 0164 + 0,063 0.575 + 0.375
Gemella spp- (L.827 + 0.228 .82 +0.313 0.861 +0.211 1446 + 0.433
Granulicatella spp. 1.046 £ 0.219 1.093 £ 0.206 1.333 £ 0.405 1,603 + 0,431
Lachnoanaerobaculiom spp. 0.296 & 0.066 0.271 = 0.106 0.457 & 0.156 0.435 & 0.137
Lactobacillus spp. (L013 = 0.007 0.012 £ 0.006 1925 £ 1.245 10.5 £ B.E7S
Leptotrichia spp. 0.459 = (0.19% 0967 £ (1,516 0728 £ 0362 042 £0.177
Megasphaera spp. (.554 = 0,184 0.448 £ 0142 0.219 + 0.062 0.196 + 0.059
Orilbvicterinm spp. 0.432 £ 0.09 0336+ 011 0329 £0.113 0,632  0.327
Paruintonis spp. 0.229 + 0.076 031 + 0.188 1.478 £ 0.833 2,508 + 1.555
Peptostreptococens spp. 0,135 + 0.045 0.13 + 0.066 2517 + 1.448 3.319 + 1.892
Porphyromenas spp. 1.765 £ .52 1607 + 0.653 0.666 + 0198 1.241 + (L566
Propionibacterium spp. (L058 £ 0.031 (L082 £ 0.026 (0.141 £ 0.056 0.256 + 0,107
Selenononas spp. (L167 & 0.059 0.231 = 0.082 0.087 = 0.022 0.088 + (.031
Solobacterium spp. 0.281 + 0.062 0.282 +0.102 0,674+ 029 0,603 + 0.217
Staphylococeus spp. 0,403 & 0,168 0.627 & 0.153 0.292 £ 0.077 0.728 & 0.351
Stenotraplomoenas spp. 0679 & 0,54 1128 &+ 0.769 0,156 + 0.052 0,495 & 0,325
Stomatobaculim spp. 0328012 0.365 = 0.115 0.561 = 0332 0.775 + 0.483
Treponema spp. 0.211 % 0.076 0391 +0.218 0.067 = 0.031 0,056 + 0.019

86



J. Clin. Med. 2020, 9, 1882

Relative abundance

Average distribution in
dyspepsia patient biopsies
100%

90%
B0%
70%
60%,
50%
40%
30%
20%
10%

0%

Relative abundance

Unwashed Washed
m Helicobacter M Streptococcus M Prevotella
W Lscherichia m Veillonella B Fusebacterium
W Haemophilus W Rothia W Neisseria

B Alloprevotella 8 Other bacteria
(a)
Average distribution in gastric
cancer patient biopsies

100%
90%

Unwashed Washed
W Helicobacter M Streptococcus W Prevotella
W Escherichia  ® Veillonella B Fusobacteriwm
B Haemophilus W Rothin W Neisseria
B Alloprevotella B Other bacteria

(b)

Figure 3. Cont.

87

100f23



J. Clin. Med. 2020, 9, 1882 110f23

Alpha diversity grouped by treatment of biopsy

- A

r
Jacdatg g

Shannon Diversily Index
"

Unwashed Washed
(c)
PCoA based on Bray Curtis dissimilarity grouped by treatment of biopsy

000
£ .
=3 i Group
b = Unwashed
B = Washed

025

050, .

06 E] i1} 0
Mods 1 (27.6%)
(d)

Figure 3. Comparison of the bacterial reads from microbiome analysis of unwashed and washed
biopsies from (a) dyspepsia patients and (b) gastric cancer patients (percentages are listed in Table 4).
Comparison of (¢) the alpha-diversity shown by a Shannon Index, p = 0.22581 and (d) the beta-diversity
between the two groups shown by PCoA plot, p = 0.801199, in unwashed biopsies (red) and washed
biopsies (blue).

3.2. Comparison of Biopsies from Gastric Cancer Patients and Dyspepsia Patients

3.2.1. Cultured Bacteria were Dominated by Streptococcus spp.

The biopsies from dyspepsia patients and gastric cancer patients were dominated by similar
cultured bacteria (Figure 4). Species of Lactobacillus were cultured from several cancer patient biopsies
but only from one dyspepsia patient biopsy (Table 2). The distribution of cultured bacteria in biopsies
from gastric cancer patients and dyspepsia patients showed an increase in the relative abundance of
Streptococcus and a decrease in Actinomyces spp. (Table 3, Figure 4).
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Figure 4. The relative distribution of non-Helicobacter bacteria cultured from the unwashed
biopsies showed that Streptococcus spp. were predominant in both dyspepsia patients and gastric
cancer patients. The percentages can be found in Table 3. “Others” include Bacillus spp.,
Corynebacterium spp., Enterobacter spp., Enterococcus spp., Haemophilus spp, Micrococcus spp.,
Neisseria spp., and Stenotrophomonas spp.

3.2.2. Microbiome Analysis Revealed Similar Distributions of Bacteria in Dyspepsia Patients and
Gastric Cancer Patients

The average relative abundance of H. pylori was not significantly different in untreated biopsies
untreated dyspepsia patients and gastric cancer patients (Figure 5a). For most bacterial groups,
no significant difference was observed in the distribution of bacteria between dyspepsia patient and
gastric cancer patient biopsies. However, a significant increase in the presence of Prevotella spp.
was observed in dyspepsia patients (p = 0.0109) and of “other bacteria” in gastric cancer patients
(p = 0.0349). This increase in other bacteria may be explained by the dominance of Enterococcus spp.
in one biopsy pair, where more than 95% of the bacterial reads were identified as this. If this biopsy
pair was removed from the data, the difference in “other bacteria” between the patient groups was
not significant. The bacterial diversity in biopsies from dyspepsia patients and gastric cancer patients
showed no significant differences within the groups (Figure 5b) or between the distribution of species
in the groups (Figure 5¢).
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Figure 5. (a) The average relative abundance of the ten most commaon bacterial genera of untreated
biopsies from dyspepsia patients and gastric cancer patients. Comparison of (b) the alpha-diversity
shown by a Shannon Index, p = 0.556831 and (c) the beta-diversity between the two groups shown by
PCoA plot, p = 0.052947, in biopsies from dyspepsia patients (red) and gastric cancer patients (blue).

A low percentage of the bacterial reads in biopsies from dyspepsia patients were identified
as Lactobacillus spp. (<0.1% of total bacterial reads). Most biopsy pairs from gastric cancer
patients (30 pairs) did not show presence of Lactobacillus spp.; 6 biopsy pairs showed a relative
abundance of 0-0.5% of total bacterial reads, and 7 biopsy pairs showed a relative abundance of 0.5-2%
Lactobacillus spp., while three biopsy pairs showed a high relative abundance of Lactobacillus spp.,
which both increased (from 11 to 27%) and decreased (from 23% to 0.4% and from 29% to 5%) between
the unwashed and washed biopsies. This difference in Lacfobacillus spp. abundance was not significant
between dyspepsia and gastric cancer patients.

The biopsies from antrum and cancer area of gastric cancer patients showed no significant
differences in the distribution of bacterial groups (Figure 6a, Table 6).

The diversity of bacteria in biopsies from antrum and corpus did not show differences in the
bacterial diversity within the sample areas (Figure 6b) or between the two sample areas (Figure 6c).
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Table 6. Mean and standard error as percentage of the 10 most common bacteria as percentage of total
bacterial reads in the microbiome analysis of biopsies from gastric cancer patients (n = 12).

Antrum Area (% + SEM) Cancer Area (% + SEM)

Helicobacter spp. 145+ 7.3 91+49
Streptococeus spp. 176 + 5.1 25169
Prevotella spp. T4+16 53+15
Escherichia spp. 6.1+2.7 129+ 6.6
Veillonella spp. 43+18 27420
Fusobacterium spp. 62+26 2108
Haemophilus spp. 2207 2609
Rothia spp. 2808 16+05
Neisseria spp. 7344 56+3.2
Alloprevatella spp. 19+1.0 15+09
Other bacteria 296+ 76 3M1+88
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Figure 6. (a) The relative abundance of bacteria in untreated biopsies from the antrum and corpus area
of gastric cancer patients. No significant differences were observed in the distributions of bacteria
between the two groups. (Percentages are listed in Table 6). Comparison of (b) the alpha-diversity
shown by a Shannon Index, p = 0.960995 and (c) the beta-diversity between shown by PCoA plot,
p = 0.111888, in biopsies from antrum area (red) and corpus area (blue) in the stomach.

3.3. Presence of H. pylori

H. pylori was detected in 14 of 34 patients (41%) by histology. Culture of H. pylori was only
successful for 4 biopsies from 2 patients, despite incubation for additional days. Microbiome analysis
identified DNA from H. pylori in 16 of 34 patients (47%), and H. pylori was identified as the only species
of Helicobacter in the biopsies. The difference between culture and 165 rRNA gene amplicon sequencing
may be explained by the fastidious nature of H. pylori, which may be difficult to culture after storage.

Three different distribution types of H. pylori and non-Helicobacter were observed; 4 biopsy pairs
showed almost complete dominance of H. pylori (>90% of total bacterial reads in at least one of the
biopsies) (Figure 7a), 16 biopsy pairs showed a mixed relative abundance of H. pylori and other bacteria
(Figure 7b), and 26 biopsy pairs showed none or less than 1% of total bacterial reads identified as
H. pylori (Figure 7c).

The biopsies determined positive or negative for H. pylori by histology showed significant
differences in the bacterial diversity. The H. pylori-negative biopsies showed a significantly higher
diversity than H. pylori-positive biopsies (p-value = 0.004353) (Figure 8a). In addition, a significant
difference in the bacterial diversity was observed between biopsies determined positive or negative
for H. pylori (p-value = 0.0009999), indicating that the presence of H. pylori may change the bacterial
community to allow for a unique composition (Figure &b).

93



J. Clin. Med. 2020, 9, 1882

Relative abundance

Relative abundance

Group 1 - Dominance of H.pylori

100%
90%
B0%
0%
60%
50%
40%
30%
20%
10%

0%

Unwashed Washed
W Helicobacter pylori B Streptococcus spp. 8 Prevotella spp. B Escherichia spp.
m Veillonella spp. W Fusobacteriumt spp. B Haemophilus spp. 8 Rothia spp.
W Neisseria spp. B Alloprevotella spp. B Other

@

Group 2 - Mix of H.pylori and non-Helicobacter
100%
90%
80%
0%
60%
50%
40%
30%
20%
10%
0%

Unwashed Washed

W Helicobacter pylori B Streptococcus spp. B Prevotella spp. W Escherichia spp.

| Veillonella spp. W Fusobacterium spp. W Heemophilus spp. W Rothia spp.

W Neisseria spp. B Alloprevotelln spp. B Other

(b)

Figure 7. Cont.

94

170f23



J. Clin. Med. 2020, 9, 1382 180f23

Group 3 - Absence of H. pylori

100%
90%
w  B0%
o
5 70%
3
£ 60%
=
" 50%
2 40%
=]
= 30%
U
B 20%
10%
0%
Unwashed Washed
B Helicobacter pylori W Streptococcus spp. 8 Prevotella spp. W Eschierichia spp.
W Veillonella spp. B Fusobacterium spp. B Haemephilus spp. 8 Rothia spp.
W Neisseria spp. w Alloprevotelle spp. W Other
(c)

Figure 7. The average relative abundance divided into three groups based on their distribution
of H. pylori and other bacteria by (a) dominance of H. pylori, (b) mixed presence of non-Helicobacter and
H. pylori, and (c) absence of H. pylori.

4. Discussion

4.1. Washed Biopsies vs. Unwashed Biopsies

We observed a decreased bacterial growth from the washed biopsies compared to the unwashed
biopsies in this study (Figure 2, Table 2). Based on our hypothesis, this might suggest that the bacteria
removed by washing were not adhering to the biopsy and should not be considered a part of the
gastric microbiota. Streptococcus spp. was the most dominant non-Helicobacter bacterial group in
the biopsies, which may either be attributed to a higher starting concentration in the unwashed biopsy
or an increased ability to adhere to the tissue, compared to the other bacteria in the biopsies.

The non-Helicobacter species identified in this study have previously been described as commensals
of the oral cavity, upper airways and intestinal tract, including species of the dominant groups
Streptococcus, Rothia and Actinomyces [11,16,20,21,25]. Intestinal bacteria such as Enterococcus spp. and
Escherichia spp. were also identified with both culture and microbiome analysis and may be a sign
of overgrowth from the intestines. Species of Staphylococcus were cultured from several biopsies,
but the group was not among the 10 most common in the microbiome analysis, where between 0%
and 4% of the reads were identified as Staphylococcus spp. The high detection in culture compared
to microbiome analysis may be explained by selection of growth of Staphylococcus, as species of this
group are facultative aerobic with a fast growth rate.

Our expectation was that only H. pylori would remain in the washed biopsies. This was not
the case, as we observed the presence of many bacteria, of which the average relative abundance and
diversity within the biopsies did not significantly change in the washed biopsies (Figure 3). This may
suggest that some bacterial groups may remain in the biopsies and should be further investigated.
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Figure 8. Comparison of the bacterial diversity from biopsies of patients shown negative for I pylori
(red) or positive for H. pylori (blue). (a) The alpha-diversity shown by a Shannon Index, p = 0.004353.
(b) The beta-diversity between the two groups shown by PCoA plot, p = 0.000999.4.

4.2. Gastric Cancer Patients vs. Dyspepsia Patients

Comparison of the bacterial composition did not reveal significant differences in the bacterial
diversity between biopsies from dyspepsia patients or gastric cancer patients. Lactobacillus was cultured,
and DNA was detected in a higher abundance in biopsies from gastric cancer patients than in biopsies
from dyspepsia patients, although not significantly. Development of gastric cancer has been described
as a result of dysbiosis, and it is believed that a change in the gastric bacteria towards oral and
intestinal bacteria may contribute to this process [19]. However, previous studies have not detected
specific bacterial genera in only one of the patient groups [8,19]. It may be discussed if the presence
of cancer cells causes alterations in the environment, which leads to changed microbial growth, or if
the development is inversed. The increased presence of cultured Lacfobacillus spp. in gastric cancer
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patient biopsies may also be an important difference between these patient groups, although the exact
function is unknown.

The expected result from this comparison was that a different bacterial composition would be
observed in the cancer tissue compared to non-cancer patients, which was not confirmed by our
results (Figure 6). To date, no studies have shown a connection between non-Helicobacter bacteria
and development of pathologies such as gastric cancer in humans [11]. We observed an increased
presence of Lactobacillus spp. in gastric cancer patient biopsies compared to dyspepsia patient biopsies
in both the culture and microbiome analysis but cannot with certainty conclude that this bacterial
group is involved in the development of gastric cancer. Four biopsies were positive for culture of
Lactobacillus spp., where no reads were found in the microbiome analysis. However, 16 biopsies were
negalive for growth of Laciobacillus spp. but positive in the microbiome analysis. 165 rRNA-based
analysis is more sensitive, and it is possible to detect the presence of bacteria in small quantities.
An explanation for the difference in culture and microbiome results may be that 165 rRNA gene
amplicon sequencing is not genus-specific, and as such, the 165 rRNA genes from several bacteria are
amplified simultaneously. If Lactobacillus spp. are present in small quantities, the presence of a high
amount of other DNA may drown it out, and it will not be detected. Combined with a selection in
the culture for microaerobic-growing bacteria, the abundance of Lactobacillus spp. may appear higher
in this experiment setting. This discrepancy between methods should also be considered in future
culture- and sequencing-based studies.

A study by Blaser and Atherton discussed whether H. pylori is a main driver of gastric cancer
development, or if its presence is enough to change the stomach environment and allow for growth of
other bacteria, which in turn increase the risk of gastric cancer [28]. The authors agree that long-term
colonization causes inflammation and damage to the host tissues but that the mechanism leading to
development of gastric cancer is not well defined [28]. In order to fully understand the pathological
changes of other non-Helicobacter species in the stomach, infection assays should be performed on
human cell cultures or model organisms with gastrointestinal tracts more similar to humans.

4.3. Presence of H. pylor in the Biopsies

H. pylori was only cultured from the biopsies of two patients after extended culture, even
though its presence in other patients was confirmed by histology and microbiome analysis. Further,
microbiome analysis identified H. pylori in two biopsies, where the histology result was negative
for H. pylori. This comparison of methods demonstrates that culture, histology and 165 rRNA gene
sequencing are not always in accordance, and investigation of bacterial communities using several
methods is preferred. During colonization or prolonged incubation, H. pylori take a coccoid form which
may be difficult or impossible to culture in vitro [25]. Based on its slow growth and fastidious nature,
culture of this species from clinical specimens is expected to be challenging. The culture results are still
considered to be valid, as other species were cultivated, and thus, the medium and growth conditions
must have been sufficient for bacterial growth. However, in order to culture all the present bacteria in
the biopsies, several other medium types and atmospheres might have been considered. The relative
distribution of H. pylori was expected to increase after wash, along with the removal of contaminating
bacteria. This was not always observed (Figure 3). Studies have shown that it is possible to detect
H. pylori with sensitive DNA-based methods in individuals previously shown negative for H. pylori
with conventional methods [19]. This may also be the reason why a higher prevalence of H. pylori was
observed with microbiome analysis compared to histology. The results from microbiome sequencing
showed a variable distribution of H. pylori and non-H. pylori bacteria in the gastric environment.
Three overall types of bacterial distribution were observed, suggesting that the stomach is more
complex than previously thought (Figure 7). Natural variations in the microbiota caused by the
geographical origin of the patients may also be of importance for this. The results from this study
contribute to the agreement of a dynamic relationship between H. pylori and non-Helicobacter bacteria
in the stomach, and previous discrepancies between studies may be caused by natural differences
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between patients. The ten most prevalent groups with microbiome analysis fits with the groups
detected in other reported NGS-studies [19].

The biopsies showing positive or negative for H. pylori by histology analysis displayed
significant differences in the bacterial diversity within and between the groups (Figure ), suggesting
that H. pylori may cause changes in the environment to allow for survival of other bacteria as
suggested by Blaser and Atherton [28]. Our findings are also in agreement with the study
by Maldonado-Contreras, which discovered a difference in the bacterial diversity based on
H. pylori-status [21]. Patients negative for H. pylori presented a higher relative abundance of
Actinobacterin and Firmicutes, whereas H. pylori-positive patients presented a higher abundance of
Proteobacterin and Acidobacteria.

The most common bacterial groups identified in the culture and microbiome analysis shows
few similarities, and only two genera in the 10 most abundant groups from the microbiome analysis
were cultured. However, both Gemiella and Granulicatella were detected in several biopsies but not in
high enough reads to be included in the top 10. The difference between the methods may be caused
by selection of certain bacteria in the microaerobic incubation. Four of the 10 most common groups
have been described as anaerobes or strict anaerobes (Prevotella, Veillonelln, Fusobacterium, Neisseria),
preventing them from growing in the microaerobic environment used in this study. H. pylori was
detected in 47% of the biopsies by microbiome analysis but only cultured from two biopsy pairs.
The biopsies were stored in the transport medium at —80 °C, which might have decreased the viability
of H. pylori. It may be suggested that other bacteria identified by microbiome analysis were also present
in the biopsies but were inhibited by the storage/freezing, and therefore unable to be cultured.

4.4. Limitations

It has been described that 80% of the bacteria that are identified with molecular methods in
the human gut cannot successfully be cultured in vitro [16]. As we only cultured the biopsies in
microaerobic environment, growth was selected for the microaerobically growing bacteria. The presence
of these appeared higher than with microbiome sequencing. Several types of growth conditions and
culture media would be required to select growth for all bacteria present in the biopsy.

Culture-independent methods such as 165 rRNA gene amplicon sequencing or microbiome
analysis may provide detailed information about the bacterial composition. One disadvantage
may be that it does not differentiate between live and dead bacteria and between residents and
contamination [2,10,19]. Other methods with the ability to distinguish between active and inactive
bacteria, such as immunostaining or analysis of the metabolic activity, may also be considered for
future investigations [22].

The results of this study are new as both culturing and sequencing are included as methods of
detection, and the effect of washing or presence of H. pylori on the bacterial composition and diversity
are investigated. Our results showed a decrease in the growth of some bacterial groups from washed
biopsies, which are also known oral commensal bacteria. The species that remain in the tissue after
wash must thus contain mechanisms for adhesion to avoid being removed.

We present the first comprehensive paper attempting to distinguish between transient and resident
bacteria in the stomach using a 165 rRNA gene amplicon sequencing approach and washing of biopsies.
One other study has investigated the bacterial content of biopsies with a similar approach [14].
However, the study included only a small number of samples and used a taxon-specific quantitative
PCR to define the taxa [14]. Future investigations in gastric microbiota should consider the presence of
other bacteria in the stomach that may only be a transient contamination.

5. Conclusions

In conclusion, the number of cultured non-Helicobacter bacteria decreased in the washed biopsies,
suggesting that they might be a transient contamination from oral cavity; however, in the microbiome
analysis, no significant differences in the bacterial diversity were observed between unwashed and
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washed biopsies. The bacterial diversity in biopsies that were H. pylori-positive and H. pylori-negative
was significantly different, implying that H. pylori is the major modulator of gastric microbiome.
Further large-scale studies are required to investigate the transient and persistent gastric microbiota.
This may include an increased number of samples, investigation of dysbiosis, a wider range of culture
conditions and growth media, metatranscriptomic analysis, immunological assays or additional
treatment of biopsies.
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Gut microbial similarity in twins is driven by shared )
environment and aging

§
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Summary

Background Human gut microbiome composition is influenced by genetics, diet and environmental factors. We
investigated the microbial composition in several gastrointestinal (G1) compartments to evaluate the impact of
genetics, delivery mode, diet, household sharing and aging on microbial similarity in monozygotic and dizygotic
twins.

eBioMedicine 2022;79:
104011

Published online oo
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Methods Fecal, biopsy and saliva samples were abtained from total 108 twins. DNA and/or RNA was extracted and

the region Vi-Vz2 of the 165 rRNA gene was amplified and sequenced. Bray-Curtis similarity was used for further

micrahiome comparisons, Manm\t-"hunev test was applmi to evaluate the significant differences between groups

and Spearman test was applied to reveal p ial cor 1 data.

Findings The global bacterial profiles were grouped into two clusters separating the upper and lower GI. The upper
GI micrabi composition was strictly dependent on the Helicob pylori status, With a positivity rate of 552, H.
pylori completely colonized the stomach and separated infected twins from non-infected twins irrespective of zygos-
ity status. Lower GI microbiome similarity between the twins was defined mainly by | hold-sharing and aging;
whereas delivery mode and host genetics had no influence. There was a progredient decrease in the bacterial similar-
ity with aging. Shared vs. non-shared phylotypes analysis showed that in both siblings the shared phylotypes pro-
gressively diminished with aging, while the non-shared phylotypes increased.

Interpretation Qur findings strongly highlight the aging and shared | hold as they key determi in gut
microbial similarity and drift in twins irrespective of their zygotic state.
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Research in context

Evidence before this study

Frevious studies in twins have suggested host genetics
as a determinant factor for the gut microbiome profile.
More recent evidence suggests an important contribut-
ing role of environmental factors on the gut microbiota
structure in fwins,

Added value of this study

We provide the evidence of the key impact of Hefico-
bacter pylori on compaosition of stomach microbiome in
twins subjects, which was independent of zygosity sta-
tus. We show that similarity of gut microbiome in twins
was dependent of several factors. Shared household
and aging were among the maost impartant factors in
defining the gut microbiome similarity in mong- and
dizygotic twins. The increasing shift of microbiome con-
cordance with age suggests a dynamic age-and envi-
ronment-related process,

Implications of all the available evidence

Qur study support the increasing evidence that shared
household, including environment and diet, as well as
aging are the key dynamic factors in shaping micro-
biome in twins' subjects. The data from this work may
be applicable to micrabiome dynamics in household
members irrespective of genetic similarity.

Introduction

The gut microbiome plays a crucial role in human
health, and dysbiosis is related to a variety of diseases.’
Gut microbiome is considered an intestinal dynamic
organ where its composition evolves throughout the
lifetime,”* and reduction and alteration of microbial
diversity is linked to gastrointestinal (GI) and non-GI dis-
eases.! Individual microbiome is variable and multiple
factors contribute to bacterial compesition in humans.
Delivery mode,*® diet,”” physical activity™” and shared
household ™ are among the factors that have been most
consistently linked with microbiome diversity.

Recently, an interplay between host genetics and
micrabiome has caused great interest.” Several studies
have analyzed the link between gut microbiome compo-
sition and host genetic variations, using a genome-wide
association study (GWAS).'™" ' Although a number
of loci identified were associated with microbial taxono-
mies, microbial pathways, and measures on difference
in the composition of micreorganisms, most of these
findings were population specific and difficult to repli-
cate. In general, GWAS studies suggest that only up to
10% of microbial diversity might be associated with her-
itable factors. However, study design, population cohort
and methodological approach may vary, therefore, mak-
ing direct comparison challenging. Hence, additional
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studies are needed to determine the interplay of genet-
ics and microbiome as it remains considered that herita-
ble factors may determine the diversity of human
microbiome.”

Studies in twins provide an excellent model to
explore the influence of heritable factors in relation to
other factors in particular to environmental factors.'”
Several studies with focus on microbiome in twins have
been completed so far.” *” Analysis of fecal specimens
from monozygotic (M7) and dizygotic (DZ) twins and
their mothers revealed similarity in micrebiome pattern
in family members which was associated with either
leanness or obesity.” Another study including 416 twin
pairs suggested a link between host genetics to several
bacterial taxa, although the overall degree of similarity
between MZ and DZ twins might be of the marginal
significance.” The largest cohort so far with 1,126 UK
twin pairs observed an association between fecal micro-
biome taxa and genes related to diet, metabolism and
olfaction.”” Nevertheless, the exact role of environmen-
tal factors is relatively unexplored in twin cohorts, and
the impact of shared household and aging, although
suggested, has not been proven so far. Furthermore,
gastric community has been increasingly studied, but
the role of genetic factors has been not explored yet. Hel-
icobacter pylori (H. pylori) Infection, which is key patho-
gen for peptic ulcer development and gastric cancer and
which has a profound influence on the microbial com-
position of the stomach as H. pylori infection kind of
suppress other bacterial communities.* But also, Fuso-
bacterium nucleatum (F. nucleatum) has been frequently
found in stomach of patients with gastric cancer and
was associated with prognosis of gastric cancer.™
Microbial community has not been systematically stud-
ied taken to account the genetics in twin cohorts.

The aim of our study was to comprehensively ana-
lyze the role of genetics, delivery mode, diet, househald
sharing and aging on microbial similarity in saliva, and
gastric mucosa, with specific attention to Helicobacter
pylori and most specifically fecal specimens in MZ and
DZ twins.

Material and methods
Study population

Twins from the Twin Registry Center at Lithuanian
University of Health Sciences were invited to take part
in the study during the years 2016-2018. Detailed char-
acteristics of the study participants are provided in Sup-
plementary file 1. The initial study cohort included 115
twin pairs (230 subjects). 108 out of 115 twin pairs were
included in the final analysis: 5o pairs of monozygotic
and & pairs of dizygotic (29 same-sex pairs and 29
mixed-sex pairs) twins. None of the study participants
has previously undergone anti-H. pyleri treatment, and
did not use PPIs or antibiotics at least one month prior

‘www.thelancet.com Vol 79 Month May, 2022
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Study population | Study aims |
Monozygotic twins Dizygotic twins
n =100 n=116
(50 pairs) (58 pairs)

Saliva
n=40
(20 pairs)

Gastric biopsies
n=48
(24 pairs)
Feces
n =198
1990 pairs)

Key findings

" e

Conclusions

Ageing and shared household but not host genstics are likely the key factors to determine the microbial

similarity in twins irrespective of zygosity. Mi

ition of the

controlled by H. pylori infection.

h in twins is predominantly

Figure 1. Graphical abstract. Design of the study.

to inclusion. If both twins had any potential clinical
symptoms, they were offered to undergo upper gastroin-
testinal endoscopy. H. pylori presencefabsence was
identified after histological evaluation (haematoxyling
ensin and Giemsa staining). Demographic and diet data
were collected using questionnaires (detailed descrip-
tion is provided in the Suppl tary file 2). The study
protocols were approved by Kaunas regional ethics com-
mittee (Protocel Neo: BE-z-10 and Pr-sz/zo05). All par-
ticipants provided a written informed consent to take
part in the study. Graphical Abstract on the study design
is shown in Figure 1.

Sample collection

EDTA blood samples for DNA analysis were collected
from all twins (108 paired twins, 216 samples) within
this study in order to confirm their zygosity. Feces from

www.thelancet.com Val 79 Month May, 2022

g9 paired twins (198 samples) were collected in stocl
collection containers with stabilizer (Stratec molecular),
delivered to laboratory within 24 h period, aliquoted
and stored at -80°C until DNA extraction. Saliva sam-
ples were collected from 2o twins (40 samples) before
gastroscopy procedure (08:00 am—12:00 pm). Partici-
pants were not expased to food for at least 8 h or more
and beverages for at least 4 h. Each subject rinsed their
mouth with water and saliva was collected in standard
50 ml sterile conical polypropylene tube (Falcon) using
passive drool collection method (collected volume 3-5
mi). After collection, the saliva samples were immedi-
ately centrifuged and pellet was stored -80C before
extraction. Two biopsies from the antrum and two biop-
sies from the corpus were collected during upper GIi
endoscopy in twins, snap frozen in liquid nitrogen and
stored at -80°C until DNA (from 1g twin pairs (38 sam-
ples) for corpus and 2o from antrum) or RNA (22 twin
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pairs from corpus and 24 from antrum) extraction.
Detailed list of biclogical samples collected from each

twin is shown in Supplementary file 3.

Determination of zygosity

Zygosity testing (MZ versus DZ) was performed on
blood DNA samples. Short tandem repeat polymorphic
DMNA markers were amplified by PCR using
AmpFLSTR® Identifiler® Plus PCR Amplification Kit
(Thermo Fisher Scientific, USA), labeled with fluores-
cent markers and separated by capillary electrophoresis
to distinguish different alleles at each of 15 different loci
(D&81179, D21511, D7S820, CSFIPO, D3S1358, THot,
D135317, Di6Ss3g, DaS1338, DigSqaz, vWA, TROX,
D18Ss1, DsS818, and FGA).

Nucleic acids extraction

Bacterial genomic DNA from stool was extracted using
QlAamp Fast DNA Stool Mini Kit (Qiagen), DNA from
saliva was extracted using QlAamp DNA mini kit (Qia-
gen) and DNA and RNA from gastric biopsy samples
were extracted using Allprep DNA/RNA mini kit (Qia-
gen) according to the manufacturer’s instructions. On-
column DNA digestion during RNA purification was per-
formed using RNase-Free DNase Set (Qiagen). RNA was
reverse transcribed to cDNA using Superscript IV First-
Strand Synthesis System (Thermo Fisher Scientific).

Library construction and sequencing analysis
Library construction and sequencing of the samples
were performed at the Otto-von-Guericke University
Hospital of Magdeburp, Amplicon libraries were gener-
ated by amplification of the Vi-Vz region of the 168
tRNA, taking as template either the DNA (165 tRNA
gene) or the cDNA (168 rRNA) after 20 cycles PCR reac-
tion, using the 27F and 338R primers, and sequenced
on a MiSeq (2 x 250 bp, llumina, Hayward, California,
USA). e

Fast() files were analyzed using the dada® package,™
version 1.10.1, in R. Overall, 11 770 078 paired-end reads
were obtained, with a minimum of 39 and average of 23
446 per sample, Samples that did not reach 4 coo reads
were discarded from further analysis. All samples were
resampled to equal sequencing depth of 4838 reads
using the phyloseq package,” referring to 16 421 phylo-
types (see online Supplementary file 4). Phylotypes were
annotated to a taxonomic affiliation based on the nafve
Bayesian classification™ with a pseude-bootstrap thresh-
old of 8a%. Microbial communities were analyzed at all
taxonomy ranks (from phylum to genus) and phylotype
taxonomy ranks. The relative abundances (expressed as
percentages) were used for downstream analyses.

Dendrograms and PCoA were built using the sam-
ple-similarity matrix by Bray-Curtis algorithm (1coc
bootstrap) at phylotype level and plotted using Past,?
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Mega’ software or iTol Interactive Tree of Life web-
site,”” Samples were analyzed for outliers in their Bray-
Curtis-Similarity, using the ROUT method (Q = 1%4) in
Prism 7 (GraphPad Software, La Jolla, CA). Mann-Whit-
niey test was applied to evaluate the significant differen-
ces between groups defined a priori and correlations
were performed using Spearman test using Prism 7
(GraphPad Software, La Jolla, CA). PERMANOVA was
calculated using Primer-¢ (Primer 7, Version 7.0.17,
Add on: Permanova+).”" Pvalue < .05 was considered
statistically different. For comparison of paired twins,
we considered only the samples where both twins from
the pair were successfully sequenced (198 samples out
of 222 samples).

Heritability calculations

Heritability of bacteria showing similarity between the
twins on genus level was estimated as previously
described.” Bacteria had to be present in more than
50% of individuals, Relative abundances were trans-
formed using Box-Cox transformation (PowerTrans-
form command implemented in the R package ‘car’ was
used to calculate 1) and regressed using multiple linear
regression to eliminate influence from the number of
sequencing reads per sample, age, gender, household
sharing status. The residuals from this regression were
then used for the heritability estimates. Heritability esti-
mates were calculated by a twin-based ACE model using
the R package ‘OpenMx’. ACE, CE, AE, and E models
were caleulated and p values were determined by using
the likelihood ratio test in order to evaluate the signifi-
cance of additive genetic (ACE vs, CE), common envi-
ronment (ACE vs. AF) and unique environment (ACE
vs. E) components. Multiple testing correction for 15
traits was applied for the heritability analysis using the
Benjamini-Hochberg algorithm in R. Intraclass correla-
tion coefficients (ICCs) were caleulated using ‘icc’ com-
mand from the R package ‘irr’,

Role of funding source
Funders had no role in study design, data collection,
data analyses, interpretation, or writing of report.

Results

General cohort

Bacterial communities of a total of 408 samples were
characterized from 108 paired twins. The general cohort
included 198 fecal samples from gg paired twins and
210 samples from 19 to 24 twins of the upper GI,
including samples from saliva (DNA), corpus (DNA and
RNA) and antrum (DMA and RNA). After sequencing
and rarefying library size to the minimum sequencing
depth, 16 421 phylotypes, belonging to 21 different
phyla and 3835 genera, were retrieved and taxonomically
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Figure 2. A. Group-average agglomerative hierarchical clustering of studied samples, based on the global bacterial profile at phylo-
type-level along the upper G (saliva, corpus and antrum) and fecal samples. B to F: Most abundant genera detected in corpus,
antrum and saliva in H. pylori negative (N) and positive (P) individuals as well as in dizygotic (DZ) and monozygatic (MZ) twins. Per-

centages shown the Bray-Curtis similarities b
ing the microbiome in saliva, antrum, corpus and feces,

annatated (Supplementary file 4). The global bacterial
profiles were grouped into two clusters based on their
9% of Bray-Curtis similarities (Figure 24), clearly show-
ing differences between lower GI (feces) and upper GI
(biopsies from corpus or antrum and saliva). The upper
Gl (corpus and antrum biopsy samples) microbiome
compesition was defined by H. pylori status. H. pylori
completely colonized the stomach (Figure 2A—F) and
thereby, infected twins were grouped separately from
H. pylori negative twins. Global bacteria composition
analysis along the G1 indicates that saliva mainly is colo-
nized by Prevotellaceae while stomach is colonized by
Streptococcaceae and lower GI is colonized by Lachno-
spiraceae and Ruminococcaceae (Figure 2G).
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twin pairs. G: H

at family-level with the most abundant taxa reprasent-

Helicobacter pylori status in twins

Overall, 55% of the twins with available gastric tissue
were H. pylori positive (Figure 2B to 2E). Most of the
twin pairs were concordant (both twins in the pair) for
the H. pylori infection and eight twin pairs, incl T4 2,
T&_1 or To_r, were discordant, As previously described,
H. pylori was solely detected in the stomach samples.'””
Principal coordinates analysis showed H. pylori to be the
major determinant for differentiating twins based on
their bacterial composition in the stomach (Figure 34).
Moreover, H. pylori infection status was similar both in
MZ or DZ twins. When comparing the percentage of
Bray-Curtis similarities between paired twins, no signifi-
cant differences were found between MZ and DZ twins
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Figure 3. A_ Principal Coordinates Analysis (PCaA) of the bacterial communities in the upper GI [DNA_S for saliva, DNA_C or RNA_C
for corpus DNA_A or RNA_A for antrum) at phylotype-level based an the Bray-Curtis similarity matrix. Samples from corpus and
antrum of patients infected by H. pylori are dencted as Hp. B: Percentage of Bray-Curtis similarities of the bacterial communities in
twin pairs in saliva corpus and antrum between monozygotic twins (MZ] and dizygotic twins (DZ),

({Figure 3B, Supplementary file 5), sugpesting that the
genetic background does not affect the stomach bacterial
community structure, although, due to the small cohort
size, this statement might not be generally correct.

Heritability of the predominant microbes in the
gastrointestinal tract

Following the previous studies in twins, we calculated
heritability of the most abundant taxa detected in our
cohort as well as the shared environmental influence
and the nonshared environmental influence applying
the ACE model (Supplementary file 6).*'% In order to
eliminate influence from the known cofounding factors,
taxa abundances were regressed on covariates (number
of sequences reads per sample, age, gender, household
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sharing status). Results of the regression analysis are
presented in the Supplementary file 7. The residuals
from this regression were then used for the heritability
estimates. Contrary to what was previously published,
none of the fifteen more abundant genera (including
Bacteroides, Blautia, Prevotella, Bifidobacterium among
others) appeared to be significantly heritable, based on
the additive genetic influence from the ACE model,
although similar values were obtained for Blautia, Foe-
calibacterium, Dialister among others (Supplementary
file 8). In the same manner, no influence of the shared
environment on any of the genera was detected. How-
ever, regarding the nonshared environment, Bacteroides,
Blautia, Collinsells and Holdemanells were strongly
influenced (p value < o.001) and in less extent also Alis-

lipes, R P la and Catenit twm (p
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Figure 4. A, Group-average agglomerative hierarchical clustering of 198 fecal samples at phylotype-level. Concardant twins
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respectively. B to E: Bray-Curtis similarities of the bacterial communities in twin pairs and a priori defined groups {one dot rep-
resents two twins). Statistically differences are shown as *** if p value = 0.001 and **** if p value < 0.0001 and ns denotes na

statistical differences.

value < o.05). These results might suggest a stronger
influence of the environment rather than the genetic
background in certain taxa.

Bacterial community assemblages in the GUT of twins

All possible paired analyses between fecal samples
(total 19 503 possible comparisons) of twins (198 sam-
ples from gg paired-twins) revealed an average of 113
% of Bray-Curtis similarity, suggesting a low similarity
between samples. Nonetheless, roughly 50% of the
twins from a pair were grouping together and showed
a higher similarity (higher than roughly 20% of simi-
larity) to each other than with the other twin pairs.
Those twins were named “concordant twins”, In con-
trast, twin pairs with lower similarity values (lower

www.thelancet.com Vol 79 Month May, 2022

than roughly 20% of similarity} and not clustering
together - “non-concordant twins”. Further, the possi-
ble factors affecting bacterial community structure
were evaluated (Figure 4A). It was observed that 76%
of concordant twing were sharing the household (HS
group vs. 24% past HS, p value < o.0001) (Figure 4D,
while 55% of the concordant twins were MZ vs, 45%
DZ (p = o.05) (Figure 4B and C). This suggests that
environmental factors in particular HS have much
stronger influence on the similarity of the bacterial
communities rather than genetic background
{Figure 4A). Moreover, concordant twins living
together had the highest similarity of bacterial commu-
nities (mean of similarity 31%), whereas not-concor-
dant twins living apart — the lowest [mean of
similarity 12.9%) (Figure 4E).

107



I Articles

C 4
! i
: :
H §
i i
i
i it S Faite E_ e ! - Paer i i cnoe
Figure 5. Spearman correlations (rho) b Bray-Curtis simil, of the bacterizl communities in twins pairs (one dot repre-

sents two twins) and the body mass index ratio (BMI-ratic) (A), Kilocalories (Kcal) intake ratio (B), and carbohydrates, proteins (C}

and lipid (D) intake ratios, respectively.

Influence of nutrition on bacterial communities in the
paired-twins

Having shown the relevance of the shared household for
similarities of the bacterial communities in paired
twins, we next evaluated the potential impact of diet.
Out of the gg twin pairs, records of nutritional informa-
tion were available for 73 twin pairs (74% of the cohort).
Based on the Spearman correlation index, diet was not
the major determinant defining the bacterial commu-
nity differences between the paired twins. There were
no correlations between Bray-Curtis similarity and body
mass index-ratic (Figure sA), as well as kilocalories
intake-ratio (Figure 5B). However, the nutrient analysis
revealed that lipid intake had influence on bacterial
community similarity (Figure sE). In twins with similar
intake of lipids, the bacterial communities were similar
in both siblings (p < 2.01). Neither carbohydrate or pro-
tein intake showed statistically significant influences on
the Bray-Curtis similarity although the trends were sim-
ilar to the lipid’s intake (Figure 5C to E).

The body mass index did not show statistically signifi-
cant differences with the similarities of the bacterial com-
munities between twins. The similar intake of total calories
resulted in more similar communities within twins.

Influence of aging on the bacterial composition
between twins

Limited knowledge exists on the role of aging in twin
cohorts as it has not been sufficiently addressed in previ-
ous twin studies. Our cohort consists of 198 twins with
age ranging from g to 72 years [aver. age 2g & 14 years),
therefore our twin-cohort covered the broadest age-
range with the highest standard deviation of all cohorts
published so far (Figure GA).

Analysis of age influence on similarities of the bacte-
rial communities between twins revealed a strong nega-
tive correlation (Figure GB), thereby indicating that
bacterial communities diverge with increasing age in
the twins (p < o.0o01). In addition, the analysis of con-
cordant and non-concordant twin groups showed that
concordant twing were much younger (Figure 6C}, indi-
cating the age as one of the major determinant factors
in the bacterial community development. Analysis
results revealed that 21 years could be considered as the
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age when bacterial communities diverge within paired
twins, Further, shared vs. non-shared phylotype analysis
showed that phylotypes shared by both siblings progres-
sively diminished (tho = - 0.42, p < o.0o01) with the
age, while the richness of the non-shared phylotypes
strongly increased between 1o and ac-yearold twins
and afterwards the increase was slower (tho = 0.46,
p < o.0001) (Figure 6GD). In addition, when considering
age as a co-variable of household sharing, age showed a
p value of o.ooc1 while household sharing showed a
p value of c.04 (Supplementary file g).

GUT taxonomy profile in twins

The abundances of the most predominant genera
detected in the GUT of paired twins are shown in
Figure 7. Overall, eighteen genera were broadly coloniz-
ing the GUT of our cohort, Prevotells or Bacterpides
being the most abundant ones. These eighteen genera
made up more than 50% of the bacterial communities
in most of the individuals. Colonization of the GUT by
Bacteroides and Prevotella seems to be aleatory, which
might suggest that either Prevotells or Bacteroides, but
never both together, colonized the GUT. Interestingly,
MZ twins showed a higher correlation with several gen-
era compared to DZ twins, including Bacteroides
(p value in MZ < c.co1), Prevotelle (p value in MZ
= o.001), Parasutterella (p value in MZ = o.01), among
others (Supplementary file 8). It is worth mentioning
that no correlations have been observed with any of the
genera regarding delivery mode and breastfeeding (Sup-
plementary file 10).

Discussion

It has been hypothesized that host genetics may deter-
mine the composition of the gut microbiome,™ even
though the genetic inheritance of microbial composi-
tion has been recently questioned.”” In this work, we
pertormed systematic analysis of microbial composition
of MZ and DZ twins to delineate the interplay between
genetic and various concomitant factors including
shared environment, delivery mode and diet in various
compartments of the gut. The analysis of the stomach
microbiota between MZ and DZ twins highlights the
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role of H. pyleri in defining bacterial composition of the
stomach mucosa, Evaluation of the fecal microbiome
revealed a very strong impact of shared household and
age as the main determinants of the microbial concor-
dance among twins, which was in addition independent
of the zygosity, diet and delivery mode at birth.

The role of host genetics in shaping microbiome has
been sugpested earlier™; however, more recent evidence
emphasizes the predominant role of environmental fac-
tors, (such as age, sugar consumption, toothbrushing
habits) aver the host factors in defining the bacterial com-
position in twins.”"* The concept of gastric microbiome
is still evolving,'" with an ongoing discussion about
what constitutes a gastric microbiome.”” While the larg-
est studies related to twins have been dealing with easily
accessible specimens like saliva and feces, only limited
knowledge was available for systematic characterization
of mucosal microbiome in other body niches including
stomach. In the only available study at present, the
authors evaluated four pairs of twins with very heteroge-
neous results.’” In current work, we evaluated micro-
biome in the largest cohort (24 twin pairs) that were
representative for various combinations of MZ and DZ
including concordant and discordant for H. pylori status.
Even though larger cohorts are needed to evaluate the
minor effects in concordant groups, we clearly show that
H. pylori status had a dominant impact en the micro-
biome composition in twins irrespective of zygosity sta-
tus. Owr findings are in line with previous studies where
H. pyplori is the major gastric microbiome shaping
species.”"* In earlier high-quality studies, familial envi-
ronment and H. pplori status were considered as the
most important risk factors for peptic ulcer development
which is supported by our datz.”” In addition, H. pylori
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status in the stomach had no impact on oral microbiome
as shawn for the stomach.

Twin studies offer a unigue opportunity to evaluate
the effect of host penetics in defining microbial profile.
Initial studies indicated that host genetics may influ-
ence microbiome for instance by the means of meta-
bolic regulation.”"#=* Contrary to those results, none
of the most abundant genera (induding Baderoidetes,
Prevotella, Bifidobacterium, etc.) seems to be significantly
heritable in our cohort using ACE model, although
some effect was visible taking into consideration the
nonshared environment (Bacteroides, Blautia, Collinsella
and Holdemanella). These studies indicated that
although MZ twin pairs generally have more similar
microbiomes compared to DZ twin pairs or unrelated
individuals, MZ twins can display a large range of
within-twin-pair microbiome diversity.”” These data
suggest that environmental factors play the predomi-
nant role rather than host genetics in shaping fecal
microbiome.

As of today, only a modest link between microbiome
and heritability has been shown; therefore; it is likely
that other factors including shared household, delivery
mode or even aging might be responsible for microbial
similarity in twins, A twin study from the TwinsUK reg-
istry showed that the Bray-Curtis distance between twin
pairs did not asseciate with age.” On the other hand,
this study found that Bray-Curtis distance negatively
correlated with the age when twins started living apart
and to a lesser extent positively correlated with years the
twins lived apart.’ Rothshild et al. have recently re-eval-
uated the impact of genetics and environment in a
cohort of 1046 healthy Israelis and re-analyzed the link
between microbiome, genetics and environment in the
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2252 twins from the TwinsUK cohort.'” The authors
show that gut microbiome composition is predomi-
nantly shaped by environmental factors while the asso-
ciation with individual SNPs that was previously
reported could not be replicated.

In our study, we took the advantage of the wide age
distribution (age range: 9—7z years) and detailed char-
acterization of the twins and therefore were able to have
an in-depth view on potential factors influencing micro-
biome. Neither the delivery mode, nor the breastfeeding
were associated with micrebial similarity in MZ and DZ
twins, However, shared household was one of the most
important factors that was associated with bacterial con-
cordance, which was furthermore independent of zygos-
ity. Our observation is also indirectly supported by a
recent UK twin registry microbiome study looking at
socioeconomic impacts on microbiome.”” The study
showed that higher discordance in the index of social
deprivation was associated with greater dissimilarity of
twin microbiomes, Several studies have now reported
that household sharing may at least partially determine
microbiome similarity among relatives, while living
apart reduces this similarity."*?

It is important to point out that sharing a household
is interlinked with other co-founding variables includ-
ing diet that may additionally contribute to the micro-
bial signature. Within our study, analysis of individual
differences in the diet did not reveal any potential differ-
ences that could partially be related to commaon prefer-
ences of the twins. The similarity in nutritional
behavior is very likely to be prone to similarity during
the early life sequence. Previcus analyses estimated that
diet and lifestyle may be responsible for the up o 20%
variance in microbiome. ™" Furthermore, host lifestyle
clearly affects the microbiota on the daily timescale,
which is relevant for twins that share the same social
and family lifestyle niche. "'

The aging has been considered, but has only received
suboptimal attention in twin cohorts’ due to difficulties to
assess the lifetime frame. Our cohort consisted of MZ and
DZ twins in the range of g to 72 years with a mean of
29.5 years, whereas, as shown on Figure 54 the previously
studied cohorts included a rather adult population with
limited possibility to assess the landscape of microbial
changes in twin subjects. While common in young twin
pairs, Bray-Curtis similarity showed a clear shift apart in
association with aging. Indeed, aging is the process that
includes various steps starting from delivery mode, feed-
ing, diseases in childhood ete. It is likely that leaving the
commeon environment (shared houschold) may be a cru-
cial step, but the drift does not stop here and shows a dear
progression during the life time course.”*"* Our data sup-
ports recent studies showing that age, menopausal status,
and prior disease were also the top factors defining the
microbial urobiome diversion in twins, ™'

This work provides several important aspects on the
microbiome dynamics in twins; however, various
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additional aspects need more accurate evaluation. Even
though this work is so far the largest to assess the stom-
ach microbiota in twins, we were unable to address the
microbial similarity in depth for the substantial effect of
H. pylori on gastric microbiota. Further studies in larger
cohorts of MZ, DZ and also non-twin siblings would
likely help to estimate the dynamics in microbial pat-
terns; however, it is questionable if upper GI endoscopy
in asymptomatic population may be ethically justified.
This cohert included only a single time point, whereas
multiple time peints would be needed to assess. The
dietary information was acquired using self-reported
food frequency questionnaires, thereby providing possi-
ble bias in reporting certain food intake. Furthermore,
this work is based on 168 rRNA; therefore, whole
genome  sequencing  incduding  metatranscriptomic
would likely provide a much more comprehensive view
on the similarity and function of the GI microbiome, A
recent study in twins looked beyond the microbiome
and evaluated concordance for microbiome and virome
in 21 adult MZ twins showing that microbiome-discor-
dant twins display more d I 1t
microbiome-concordant twins.™' The results of this
work were highly robust for the identified factors; there-
fore, we believe the data are representative also for other
populations, Nevertheless, further studies with larger
samples size will be necessary to delineate all compart-
ments of microbiota, their possible functional interac-
tion and also the way to precisely modulate microbiome
in beneficial way.

iromes ¢

Conclusions

In conclusion, in-depth analysis of various microbial
comparts of twins strongly suggest the major role of
non-hereditary factors in defining the microbial similar-
ity in twins. Among those household sharing and aging
are likely the most crucial determinants of fecal micro-
bial dynamics in twins while H. pylori is the key factor
in defining the stomach microbiota composition.
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Background. The progression of Helicobacter pylori-associated gastritis towards atrophic gastritis is modulated by host-related and
environmental factors. Studies that explore the possible involvement of host-related versus environmental factors in the
development of gastritis phenotype induced by H. pplori are highly needed. Aims. Our study was aimed at investigating the
phenotype of H. pylori-associated gastritis in two cohorts of monozygotic and dizygotic twins, using the OLGA/OLGIM
gastritis staging system. Methods. Two cohorts of monozygotic (14 pairs) and dizygotic (15 pairs) dyspeptic twins prospectively
underwent endoscopy with biopsy sampling based on Sydney protocol. H. pylori status and OLGAJOLGIM stages were
assessed and compared. Results, The mean age of monozygotic and dizygotic twins was 40.4 and 38.6 vears, respectively
(p=0.623). The overall prevalence of H, pplori infection was 51.7%. Among the 14 monozygotic twin pairs, five pairs were H.
pylori-positive, four were H. pylori-negative, and five were H. pylori-discordant. Among the 15 dizygotic twin pairs, five pairs
were H. pylori-positive, five were H. pylori-negative, and five were H. pylori-discordant. Concordance for antrum atrophy in
monozygotic twins was 78.6% (11/14 pairs) and in dizygotic twins 73.3% (11/15 pairs) (p=0.742). Concordance for corpus
atrophy in monozygotic versus dizygotic twins was 92.9% (13/14 pairs) and 86.7% (13/15 pairs), respectively (p=0.584).
Concordance for antrum intestinal metaplasia (IM) in monozygotic twins was 85.7% (12/14 pairs) and in dizygotic 73.3%
(11115 pairs) (p=0.411). Concordance for corpus IM in monozygotic twins was 85.7% (12/14 pairs) and in dizygotic 86.7%
(13/15 pairs) (p=0.941). Among monozygotic and dizygotic subjects, the stage of gastritis was concordant in both H. pylori
positive and H. pylori-negative subjects. Conclisions. In conclusion, histological gastric mucosa allerations in monozygotic and
dizygotic twins showed high rates of concordance. Furthermore, OLGA/OLGIM gastritis stages were not modulated by the
zygosity of the twins.

phy, and, all over the world, the prevalence of the H. pylori
infection is consistently linked with both, AG and GC [1-3].

Gastric carcinogenesis is a multistep process, including a
stepwise sequence of phenotypic modifications of the native
gastric tissue from healthy gastric mucosa towards atrophic
gastritis (AG), intestinal metaplasia (IM), and gastric cancer
(GC) [1]. Within this spectrum of lesions, gastric mucosa
atrophy is considered the elective “field of cancerization”
prone to GC development [1]. Helicobacter pylori (H. pylori)
is by far the most common etiological agent of gastric atro-

In some peculiar epidemiological contexts, however, a
high prevalence of bacterial infection is associated with a
low prevalence of gastric precancerous/cancer lesions, or
equivalent rates of bacterial infection are associated with
significantly different risk of gastric malignancy [4, 5]. These
unexpected findings would support the hypothesis that
etiological factors, other than H. pylori, may be involved in
the modulation of the oncogenetic “cascade.” Among these
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factors, both host-related (genetic variations, noncoding
RNAs, methylation, etc) and/or other environmental factors
have been considered [6-14].

To explore the potential host-related factors in the path-
ogenesis of gastric atrophy, this study compares two popula-
tions of dyspeptic monozygotic and dizygotic Lithuanian
twins. This is the first study in the field that comprehensively
evaluates gastric mucosa alterations in twins.

2. Materials and Methods

2.1. Study Population. Two cohorts of twins were selected
from the Twin Registry Center at Lithuanian University of
Health Sciences (years 2016-2018). The twins were inter-
viewed by phone calls, and those that reported clinical symp-
toms of dyspepsia were referred for upper gastrointestinal
endoscopy. Zygosity of twins (mono- versus dizygosity)
was confirmed by automated analysis of DNA microsatellite
markers. The study included 29 twin pairs (58 subjects)
older than 18 years: 14 pairs of monozygotic and 15 pairs
(10 same-sex pairs and 5 mixed-sex pairs) of dizygotic twins.
None of the considered patients had previously undergone
anti-H. pylori treatment. All study participants did not use
PPIs or antibiotics at least one month prior to inclusion.

2.2, Information on Approval of the Local Ethical Committee
and Informed Consent. The study protocol was approved by
the Ethical Committee of Lithuanian University of Health
Sciences (BE-2-10). Informed consent was given for all
patients before endoscopy.

2.3. Endoscopy and Protocol of Gastric Biopsy Sampling. All
the endoscopic procedures were performed by the same
trained gastroenterologist at the Department of Gastroenter-
ology of Hospital of Lithuanian University of Health Sciences
Kaunas Clinics in order to meet requirements for OLGA and
OLGIM histological scoring [14-16]. In all patients, the
biopsy protocol included 5 biopsy samples, according to the
Sydney recommendations [17]. Biopsy specimens were fixed
in formalin (10% solution), embedded in paraffin, and
stained with hematoxylin and eosin and Giemsa stain for
H. pylori. Gastric biopsy specimens were histologically
assessed (Sydney score) by a trained pathologist, blinded to
any clinical information. In all cases, both the OLGA and
OLGIM staging systems were applied, according to the
defined criteria [1, 18, 19].

2.4, Statistical Analysis. Statistical analysis was performed
using [BM SPSS software (v 22.0). Age is presented as mean
and median values, while age differences between the groups
were evaluated comparing mean values using a T-test. The
Pearson Chi-squared test to compare sample proportion
was applied. The exact Pearson Chi-squared test was used
to assess concordance of OLGA and OLGIM stages between
monozygotic and dizygotic twins. p < (.05 was considered
significant.

Gastroenterology Research and Practice

3. Results

3.1, Characteristics of Subjects. Demographics and major
clinical findings of twins included within the study are shown
in Table 1. The mean and median age (years) of monozygotic
and dizygotic twins was 40.3 (39.5) and 38.6 (36), respec-
tively (p=0.623).

3.2 H. pylori Status in Twins, The overall prevalence of H.
pylori infection was 51.7%. Concordance rates for H. pylari
infection prevalence among monozygotic and dizygotic twins
was 35.7% and 33.3%, respectively (p = 0.891).

Among monozygotic twins, the H. pylori status (Hp-
status) was as the following: five pairs were Hp-positive, four
pairs were Hp-negative, and five pairs were Hp-discordant.
Among dizygotic twins, five pairs were Hp-positive and five
pairs were Hp-negative, and in five pairs, the Hp-status was
discordant. Concordant Hp-status (both Hp-positive and
Hp-negative) in monozygotic and dizygotic twins was deter-
mined in 9/14 (64.3%) and in 10/15 (66.7%) twin pairs,
respectively (p = 0.893) (Table 1).

3.3, Histological Alterations of Gastric Mucosa in Twins. Con-
cordance of topographical extension of atrophic lesions
among monozygotic and dizygotic twins is shown in Table 2.

The distribution of monozygotic and dizygotic twins
according to OLGA and OLGIM gastritis stages is shown in
Table 3. The prevalence of low-risk OLGA and QOLGIM
stages among mono- and dizygotic twins was 100% and
93.3%, respectively, whereas the prevalence of high-risk
stages was 0% and 6.7%, respectively. Concordance according
to OLGA and OLGIM stages between monozygotic and dizy-
gotic twins did not reach statistical significance (p=0.097
and p = 0.175, respectively).

Tables 4 and 5 show the prevalence of similar or different
gastritis stages (grouped in low versus high risk) in monozy-
gotic and dizygotic twins distinguished by their Hp-status
(Hp-positive pair, Hp-negative-pair, and Hp-discordant
pair). Low-risk stages (stages 0-I-II) largely prevailed among
both mono- and dizygotic twins (only two cases featured a
high-risk stage (stage I1I, by OLGA and OLGIM). By apply-
ing both OLGA and OLGIM staging, no differences emerged
in the distribution of twins by stage after performing a com-
parison of low- versus high-risk stages.

4. Discussion

Qur study has investigated the phenotype of H. pylori-asso-
ciated gastritis in two cohorts of monozygotic (14 pairs)
and dizygotic (15 pairs) twins. The results of our study
revealed high concordance rates of gastric mucosal alter-
ations both in monozygotic and dizygotic twins, To our best
knowledge, to date, there have been no previous reports,
which have assessed the importance of shared genetic influ-
ences on susceptibility and phenotype of chronic H. pylori
gastritis and premalignant gastric alterations on a well-
defined twin cohort.

Epidcmiological contexts, case-controls, and twins stud-
ies have addressed the issue of the possible interaction
between different host-related and environmental risk factors
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Tasre 1: Demographics and H. pylori status distinguishing monozygotic versus dizygotic twins,
Twin pairs Maonozygotic n (14) Dizygotic n (15) p value
Gender of twins within a pair Mid EE ME MM FF MF
#(3) n(11) - n(l) 1 (9) 1 (3)
Mean (median) age 40.3 (39.5) 38.6 (36) 0.623
Concordant Hp-positive status 5 5
Concordant Hp-negative status 4 5 0.893
Discordant Hp-negative status 5 5
MM: both twins of male gender; FF: both twins of female gender; MF: twin pair comprised of a male and a female twin.
Tasre 2: Concordance of topographical extension of atrophy and IM in monozygotic and dizygotic twins.
Tt pais ; {H)Mnnozygmlc - Dizygotic = pvalde
Concordance according to antrum athrophy 11 78.6% 11 73.3% 0.742
Caoncordance according to corpus athrophy 13 92.9% 13 86.7% 0.584
Concordance according to antrum IM 12 85.7% 11 73.3% 0.411
Concordance according to corpus IM 12 B5.7% 13 B6.7% (1.941
IM: intestinal metaplasia.
TabLe 3: Gastrilis stage (OLGA and OLGIM syslems) in monozygotic and dizygotic twins,
OLGA staging OLGIM staging
Stage Monozygotic twins Dizygotic twins p value Monozygotic twins Dizygotic twins p value
n (28) % n (30) % n (28) £ n (30) %
] 18 64.3% 24 80% 19 67.9% 24 80%
1 9 321% 3 10% 8 28.6% 3 10%
1 1 3.6% 1 3.3% 0.097 1 3.6% 1 3.3% 0.175
11 — — 2 6.7% — — 2 6.7%
1A% s == = =% 2 5 — —
OLGA: Operative Link on Gastritis Assessment; OLGIM: QOperative Link on Gastritis/Intestinal-Metaplasia A

in the promotion of gastric precancerous lesions and gas-
tric mucosal atrophy. These factors have been extensively
studied among the patients with precancerous gastric lesions
and included virulence factors of H. pylori strains, environ-
mental factors (smoking, salted food, etc.), or genetic predis-
position of the host [20, 21]. To date, however, the exact
factors that trigger malignant transformation from normal
gastric mucosa towards gastric cancer are not completely
understood.

A previous study conducted in Sweden invelving mono-
zygotic (36 pairs) and dizygotic (88 pairs) twins reared apart
revealed that the concordance rate for H. pylori infection was
significantly higher among monozygotic twins (82%) than
among dizygotic (66%) twins [22]. Slightly higher concor
dance rates for H. pylori infection prevalence among mono-
zygotic (35.7%) versus dizygotic (33.3%) have also been
observed in the present study. The difference, however, did
not reach statistical significance, probably due to a small
number of twin pairs. Based on case-control studies in differ-
ent geographical regions, which evaluate the prevalence of H.
pylori infection and the development of gastric atrophy and
IM, first-degree relatives of GC patients are associated with
an increased risk for GC. A Marcos-Pinto et al. [21] study

showed that first-degree relatives of early-onset gastric carci-
noma patients have significantly higher prevalence of H.
pylori, AG, and advanced stages of OLGA. H. pylori was pres-
ent in 82% of cases and in 59% of controls (p=0.001); AG
was diagnosed in 70% of cases and in 32% of contral individ-
uals, respectively (p < 0.001), while OLGA stages 11T and TV
were present in 10% and 9% in both groups, respectively
(p < 0.001). The results of Rokkas et al. [23] meta-analysis
showed similar results: their pooled OR of H. pylori infection,
AG, and IM between individuals with family history of GC
were 1.92-fold (p < 0.001), 2.2-fold (p = 0.005), and 1.98-fold
(p = 0.001) higher, respectively, in comparison with controls.
These results can be influenced by the exposition of shared
environmental factors (alcohol, smoking, salted and smoked
food, and hygiene) between family members, circulation of
intrafamilial H. pylori strains [24-26], and genetic suscepti-
bility [27-29].

Our study showed that there was no difference in con-
cordance rales for chronic H. pylori gastritis among mono-
zygolic twins (64.3%, 9/14 pairs) as compared to dizygotic
twins 66.7% (10/15 pairs) (p=0.893). This could partly
relate to the fact that twins share the same environment
in early childhood and genetic predisposition for H. pylori
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TaBLE 4: Gastritis OLGA-stage according to the H. pylori status: twins are distinguished according to zygosity.

Twin pair Twin pair Twin pair
Group of stages Hp-paositive (10 pairs) Hp-negative (9 pairs) Hp-discordant (10 pairs)
Monozygotic Dizygotic Monozygotic Dizygotic Monozygotic Dirygotic
Similar low-risk stage (0-1-11) 5 4 4 5 5 4
Similar high-risk stage (III-1V) —_ —_ — —_ —_ —_
Discordant stage (0-1-11 versus 11I-1V) — 1 — - — 1
OLGA: Operative Link on Gastritis Assessment; Hp: H. plori,
Tamsre 5: Gastritis OLGIM-stage according to the H. pylori status distinguished by zygosity.
Twin pair Twin pair Twin pair
Group of stages Hp-paositive (10 pairs) Hp-negative (9 pairs) Hp-discordant {10 pairs)
Monozygotic Dizygotic Monozygotic Dizygotic Monozygotic Dizygotic
Similar low-risk stage (0-1-11) 5 4 4 5 5 4
Similar high-risk stage (III-IV) — — — — — —
Discordant stage (0-1-11 versus I11-IV) — 1 = - i 1
OLGIM: Operative Link on Gastritis/Intestinal-Metaplasia Assessment; Hp: HL. pylori.
acquisition might be less important. Concordance of topo-  Conflicts of Interest

graphical extension of atrophy and IM was higher among
monozygotic twins but did not reach statistical significance.
There were no statistical differences in concordance rates
according to OLGA and OLGIM stages between monozy-
gotic and dizygotic twins (p =0.097 and 0.175, respectively).
It is very important to point out that 11 of 14 monozygotic
twin pairs and 10 out of 15 dizygotic twins had absolute
concordance for OLGA stages. Similarly, 10 out of 14
monozygolic twin pairs and 10 out of 15 dizygotic twins
had absolute concordance for OLGIM stages. These find-
ings suggest that if one twin is identified with high-risk pre-
malignant gastric lesions, the other twin should also be
assessed for these alterations,

A relatively small number of the study population repre-
sent the main limitation of the present study, The numbers of
individual twins within our study group were not very large,
and certain effects might have been biased. The design of the
study also did not allow us to evaluate as to what extent gas-
tric mucosal alterations in twins are related to the common
shared genetic factors per se or shared environmental factors
during childhood and later on in lifetime. There might also
have been a certain selection bias, because our study included
only twins with dyspeptic symptoms.

5. Conclusions

In conclusion, histological gastric mucosa alterations in
monozygotic and dizygotic twins showed high rates of con-
cordance. Furthermore, OLGA and OLGIM gastritis stages
were not modulated by the zygosity of the twins.
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