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ABBREVIATIONS  

AG – atrophic gastritis 
BabA  – blood-antigen binding protein A 
CagA – cytotoxin-associated gene A 
CFU/mL – colony-forming units per millilitre 
DNA  – deoxyribonucleic acid 
DZ  – dizygotic 
GC – gastric cancer 
GWAS – genome-wide association study 
H2Ras  – histamine H2 receptor antagonists 
HopZ  – Helicobacter outer membrane porins 
IARC/WHO  – International Agency for Research on Cancer / World 

Health Organization 
IM  – intestinal metaplasia 
MAG  – multifocal atrophic gastritis 
MALT  – mucosa associated lymphoid tissue  
MZ  – monozygotic 
NAG  – nonatrophic gastritis 
NGS – next-generation sequencing 
OLGA – Operative link on gastritis assessment 
OLGIM – Operative link on gastric intestinal metaplasia 

assessment 
PCoA  principal coordinate analysis  
PERMANOVA – permutational multivariate analysis of variance 
PPI  – proton pump inhibitors 
RNA – ribonucleic acid 
rRNA – ribosomal ribonucleic acid 
SabA – sialic-acid binding adhesin 
VacA  – vacuolating cytotoxin A 
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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].  
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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.  
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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.  
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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 
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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 102 to 
104 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, 
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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 et al. 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 α and β 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 
Castaño-Rodríguez et al. [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 



17 
 

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 a result, 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 

 
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, Hillerød, Denmark), placed in serum bouillon with 10 % 
glycerol (SSI Diagnostica, Hillerød, Denmark), and frozen at −80 °C. The 
agar plates were incubated 6 days at 37 ◦C in microaerobic conditions (10 % 
CO2, 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, Hillerød, 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 µL 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 QIAamp 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 

µL reaction, using the REDExtract-N-Amp PCR ReadyMix (Sigma-Aldrich, 
St Louis, MO, USA) with 0.4 µM of each 16S rRNA gene primer and 2 µL 
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 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-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 µL 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 in a 2 × 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.  

http://box.com/bion
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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, TH01, 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 (2×250 bp, Illumina, 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 naïve 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 (χ2) 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 six, 
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 

Diagnosis 
Mean 

age 
(years) 

Gender H. pylori Status 
(Histology) 

Lauren 
Classification G Stage Proximal/ 

Distal Part  

Gastric 
adenocar-
cinoma 
(n = 12) 

62.2 Female 
(n = 5) 

Negative 
(n = 9) 

Diffuse  
(n = 6) 

2 (n =5) Proximal 
(n = 3) 

Male 
(n = 7) 

Positive 
(n = 3) 

Intestinal 
(n = 4) 

3 (n =7) Distal 
(n = 9) 

    Mixed  
(n = 2) 

    

Dyspepsia 
(n = 22) 

  

48.1 Female 
(n = 18) 

Negative 
(n = 11) 

NA 

  

NA 

  

NA 

  Male 
(n = 4) 

Positive 
(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 
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 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. 

 
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)  

 
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 
(n = 22) 

Gastric Cancer Biopsy Pairs 
(n = 24) 

Unwashed 
(% ± SEM) 

Washed 
(% ± SEM) 

Unwashed 
(% ± SEM) 

Washed 
(% ± SEM) 

Helicobacter spp. 28.3 ± 7.9 31.2 ± 8.4 11.8 ± 4.4 12.7 ± 5.0 
Streptococcus spp. 12.6 ± 1.8 9.6 ± 1.8 21.3 ± 4.3 20.1 ± 4.3 
Prevotella spp. 13.9 ± 2.7 11.0 ± 2.5 6.4 ± 1.1 6.1 ± 1.3 
Escherichia spp. 7.0 ± 2.9 10.4 ± 3.8 9.5 ± 3.6 11.9 ± 3.6 
Veillonella spp. 5.3 ± 0.9 3.4 ± 0.9 3.5 ± 1.0 3.7 ± 0.7 
Fusobacterium spp. 4.8 ± 1.0 4.3 ± 1.5 4.2 ± 1.4 3.7 ± 1.2 
Haemophilus spp. 4.6 ± 1.3 3.2 ± 0.9 2.4 ± 0.5 2.0 ± 0.5 
Rothia spp. 3.5 ± 0.8 1.9 ± 0.6 2.2 ± 0.4 2.0 ± 0.7 
Neisseria spp. 2.2 ± 0.7 1.5 ± 0.6 6.5 ± 2.7 6.8 ± 2.5 
Alloprevotella spp. 1.5 ± 0.5 1.4 ± 0.4 1.7 ± 0.7 1.8 ± 0.7 
Other bacteria 17.4 ± 2.7 17.0 ± 3.1 30.57 ± 5.8 29.3 ± 5.2 

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 
(n = 22) 

Gastric cancer biopsy pairs 
(n = 24) 

Unwashed 
(% ± SEM) 

Washed 
(% ± SEM) 

Unwashed 
(% ± SEM) 

Washed 
(% ± 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 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 
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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). 

 

 
Fig. 3.1.3.1.3. Comparison of the alpha-diversity shown  
by a Shannon Index (P = 0.22581) within the samples 

 
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).  

 

 
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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Fig. 3.1.3.2.2. Comparison of the alpha-diversity shown  
by a Shannon Index (P = 0.556831) within the groups 

 
Fig. 3.1.3.2.3. Comparison of 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 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). 
 

 
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. 14.5 ± 7.3 9.1 ± 4.9 
Streptococcus spp. 17.6 ± 5.1 25.1 ± 6.9 
Prevotella spp. 7.4 ± 1.6 5.3 ± 1.5 
Escherichia spp. 6.1 ± 2.7 12.9 ± 6.6 
Veillonella spp. 4.3 ± 1.8 2.7 ± 2.0 
Fusobacterium spp. 6.2 ± 2.6 2.1 ± 0.8 
Haemophilus spp. 2.2 ± 0.7 2.6 ± 0.9 
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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. 7.3 ± 4.4 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). 

 

 
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 

by dominance of H. pylori 

 
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). 

 

 
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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Fig. 3.1.4.5. The beta-diversity between the two groups shown  

by PCoA plot (P = 0.000999.4)  

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 
a pair 

MM 
n (3) 

FF 
n (11) 

MF 
– 

MM 
n (1) 

FF 
n (5) 

MF 
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. 3.2.3.1. Principal coordinates analysis (PCoA)  

of the microbial communities in gastric  
DNA_C: corpus DNA, DNA_A: antrum DNA, Hp: H. pylori. 

 
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.  
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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 

Twin pairs Monozygotic 
n (14) 

Dizygotic 
n (15) P value 

Gender of twins within 
a pair 

MM 
n (3) 

FF 
n (11) 

MF 
– 

MM 
n (1) 

FF 
n (9) 

MF 
n (5) 

 

Mean (median) age 40.3 (39.5) 38.6 (36) 0.623 
Concordant 
H. pylori-positive status 5 5 

0.893 Concordant 
H. pylori-negative status 4 5 

Discordant 
H. pylori-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. 

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  

Twin pairs 
Monozygotic Dizygotic 

P value 
n (14) % n (15) % 

Concordance according to 
antrum athrophy 11 78.6 11 73.3 0.742 

Concordance 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 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 

P value 

OLGIM-staging 
P value Monozygotic 

twins 
Dizygotic 

twins 
Monozygotic 

twins 
Dizygotic 

twins 
n (28) % n (30) % n (28) % n (30) %  

0 18 64.3 24 80 

0.097 

19 67.9 24 80 

0.175 
I 9 32.1 3 10 8 28.6 3 10 
II 1 3.6 1 3.3 1 3.6 1 3.3 
III – – 2 6.7 – – 2 6.7 
IV – – – – – – – – 

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-I-II) 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 

Group of stages 

Twins pair 
H. pylori-positive 

(10 pairs) 
H. pylori-negative 

(9 pairs) 
H. pylori-discordant 

(10 pairs) 
MZ DZ MZ DZ MZ DZ 

Similar low-risk stage 
(0-I-II) 5 4 4 5 5 4 

Similar high-risk stage 
(III-IV) – – – – – – 

Discordant stage 
(0-I-II versus III-IV) – 1 – – – 1 

MZ: Monozygotic; DZ: Dizygotic.  

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

Group of stages 

Twins pair 
H. pylori-positive 

(10 pairs) 
H. pylori-negative 

(9 pairs) 
H. pylori-discordant 

(10 pairs) 
MZ DZ MZ DZ MZ DZ 

Similar low-risk stage 
(0-I-II) 5 4 4 5 5 4 

Similar high-risk stage 
(III-IV) – – – – – – 

Discordant stage 
(0-I-II versus III-IV) – 1 – – – 1 

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, 
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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 = 0.001); 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.  
  



56 
 

CONCLUSIONS  

1. 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.  

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

3. 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.  

4. 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.  

5. 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. Įvadas  

Skrandžio adenokarcinoma yra viena labiausiai paplitusių onkologinių 
ligų pasaulyje, pagal sergamumą ir mirtingumą užimantį penktąją ir ketvirtąją 
vietą iš visų piktybinių navikų [1]. Ši skrandžio vėžio forma pagal Lauren 
klasifikaciją histologiškai skirstoma į tris pagrindinius tipus (išvardyti pagal 
dažnumą klinikinėje praktikoje mažėjančia seka): žarninį, difuzinį ir mišrų [2, 
3]. Šių morfologinių adenokarcinomos tipų išsivystymui įtakos turi H. pylori 
[4], kuri 1994 m. Tarptautinio vėžio tyrimo centro prie PSO buvo pripažinta 
I klasės kancerogenu [5], o su skrandžio vėžiu taip pat buvo pradėtos sieti ir 
kitos, skrandyje egzistuojančios, potencialiai patogeninės bakterijos. Didžioji 
dalis skrandžio mikrobiotos studijų pasaulyje atliekamos, siekiant išsiaiškinti 
galimą kancerogeninį mikrobiotos poveikį žarninio tipo adenokarcinomai. 
Difuzinio tipo skrandžio vėžys lyginant su žarninio tipo adenokarcinoma daž-
niau siejamas su žmogaus genetiniais veiksniais nei su H. pylori ar aplinkos 
veiksniais [4], todėl skrandžio mikrobiotos reikšmė jo atžvilgiu yra ištirta 
mažiau.  

Pasaulyje plačiai paplitusi H. pylori infekcija (užsikrėtę apie 50 proc. 
pasaulio populiacijos) iki šiol yra pagrindinis skrandžio vėžio rizikos veiks-
nys [6], aktyvinantis daugiapakopę Correa P. pasiūlytą ikivėžinių pokyčių 
seką, kuriai progresuojant išsivysto žarninio tipo skrandžio adenokarcinoma. 
Vis dėlto lieka neaišku, kodėl tik 1–2 proc. asmenų, užsikrėtusių H. pylori, 
išsivysto skrandžio vėžys [7], o jos eradikacija nebūtinai sumažina skrandžio 
vėžio išsivystymo riziką [8, 9]. Paskutiniais metais atlikti tyrimai parodė, kad 
tarp atskirų ikivėžinių pokyčių stadijų (lėtinio gastrito, atrofinio gastrito, 
žarninės metaplazijos, displazijos) ir skrandžio vėžio egzistuoja skrandžio 
mikrobiotos sudėties pokyčių ir skirtumų [10]. Pagrindinis šių pokyčių bruo-
žas yra progresuojantis H. pylori sumažėjimas, susijęs su įvairių skrandyje 
kolonijas formuojančių mikroorganizmų pagausėjimu arba sumažėjimu [10]. 
Šie radiniai pagrindžia hipotezę, kad polinkis susirgti skrandžio vėžiu yra 
susijęs ne tik su genetiniais [11] ir aplinkos veiksniais (rūkymu, nesaikingu 
druskos vartojimu ir kt.) [12, 13], bet gali būti nulemtas ir skrandyje aptin-
kamų bakterijų. Be to, įmanomą šių bakterijų įtaką skrandžio vėžiui formuotis 
rodo skrandžio mikrobiotos metabolitų skirtumai tarp navikinio audinio ir jį 
supančios aplinkinės gleivinės, nustatyti studijomis, tiriančiomis skrandžio 
mikrobiotos medžiagų apykaitą [14].  

 Vis dėlto tikslus taksonominis skrandžio disbiozės modelis bei priežasti-
nio ryšio grandinė tarp disbiozinių skrandžio pokyčių ir jo karcinogenezės 
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šiuo metu nėra nustatyti. Siekiant atrasti tikslesnį skrandžio mikrobiotos ir 
karcinogenezės modelį, svarbu nustatyti sveikų ir skrandžio vėžiu sergančių 
asmenų laikiną ir nuolatinę skrandžio mikrobiotą, kartu ištirti kompleksinį 
aplinkos ir žmogaus genetinių veiksnių poveikį mikrofloros sudėčiai ir tumo-
rogenezei.  

Plataus masto genomo asociacijos tyrimų duomenimis, apie 10 proc. 
žmogaus mikrobiotos įvairovės priklauso nuo jo genetinių veiksnių [15], 
tačiau šis ryšys dar nėra visiškai ištirtas. Todėl studijos, atliekamos siekiant 
išsiaiškinti sąveiką tarp žmogaus genetinių variacijų ir mikrofloros sudėties, 
yra labai svarbios. Dvynių studijos yra vienas iš geriausių tyrimo metodų, 
vertinant genetikos įtaką mikrobiomui bendroje aplinkoje. Paskutiniais metais 
atliktos dvynių studijos įrodė paveldimumo įtaką žarnyno mikrobiomo su-
dėčiai [16, 17]. Tačiau studijų, analizuojančių skrandžio mikrobiomą panau-
dojant dvynių modelį, nėra daug, todėl paveldimumo įtaka jo mikrobiomo 
sudėčiai iki šiol nėra įrodyta [18].  

Paveldimumas taip pat yra svarbus žarninio tipo skrandžio adenokarci-
nomai, kuriai kaip ir difuziniam jos tipui, yra būdinga šeiminė skrandžio 
vėžio anamnezė [19]. Priešingai nei difuzinė šio vėžio forma, žarninis skran-
džio vėžys, veikiamas aplinkos veiksnių [20, 21], vystosi pereidamas daugia-
pakopę ikivėžinių skrandžio gleivinės pokyčių seką. Dėl šios priežasties 
pavykus išsiaiškinti, ar ikivėžinių pokyčių, tokių kaip atrofinis gastritas, feno-
tipas yra paveldimas, būtų galima kurti naujus personalizuotus skrandžio 
vėžio rizikos vertinimo ir stebėsenos metodus pirmos eilės giminaičiams. 
Tačiau studijų, analizuojančių gastrito fenotipo koreliaciją panaudojant dvynių 
modelį šiuo metu nėra atlikta. 

2. Tikslas ir uždaviniai 

Tikslas  
Nustatyti su skrandžio vėžiu siejamus mikrobiotos pakitimus ir palyginti 

dvynių skrandžio mikrobiotos bei lėtinio gastrito fenotipų skirtumus.  

Uždaviniai  
1. Ištirti laikinos ir nuolatinės skrandžio mikrobiotos pakitimus pacien-

tams, sergantiems skrandžio vėžiu, bei pacientams, turintiems dis-
pepsijos simptomų. 

2. Palyginti pacientų, sergančių skrandžio vėžiu, bei pacientų, turinčių 
dispepsijos simptomų, skrandžio mikrobiotos sudėtį.  

3. Įvertinti H. pylori įtaką skrandžio mikrobiotos sudėčiai.  
4. Įvertinti zigotiškumo įtaką dvynių skrandžio mikrobiotai.  
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5. Palyginti monozigotinių ir dizigotinių dvynių skrandžio gleivinės 
patomorfologinius pokyčius naudojant OLGA/OLGIM gastrito 
histologinį klasifikavimą.  

Darbo naujumas  
Karcinogeninis skrandžio mikrobiotos poveikis pastaraisiais dešimtme-

čiais tapo aktualia mikrobiotos studijų sritimi. Nors, pasitelkus naujas 
genomines bakterijų tyrimų technologijas, ankstesnės studijos įrodė, kad, be 
H. pylori, dalį skrandžio mikrobiotos sudaro daugybė kitų bakterijų rūšių, 
tačiau apibendrinamosios išvados, kurios iš bakterijų rūšių yra laikinos, o 
kurios sudaro nuolatinį skrandžio mikrobiomą, nėra suformuluotos. Todėl 
pirmoji mūsų tyrimo dalis buvo skirta patikrinti hipotezę, ar H. pylori yra 
vienintelė bakterija, skrandyje egzistuojanti kaip nuolatinė skrandžio mikro-
biotos dalis, galinti išlikti dominuojančia bakterija biopsijose po taikyto plo-
vimo. Mes įvertinome nuolatinės ir laikinos skrandžio mikrobiotos sudėtį, 
palygindami bakterijų sudėties pokyčius plautose ir neplautose skrandžio 
biopsijose. Tai yra pirmasis pasaulyje tyrimas, kuriame, naudojant bakterijų 
16S rRNR variabilaus regiono pagausinimą PGR metodu, buvo bandoma 
nuodugniai išskirti laikiną ir nuolatinę skrandžio mikrobiotą sudarančias 
bakterijas ir palyginti skrandžio vėžiu sergančių bei dispepsijos simptomų 
turinčių pacientų skrandžio mikrobiotą. Tyrimo rezultatai yra svarbūs siekiant 
nustatyti, ar H. pylori nulemti mikrobiotos pokyčiai gali skatinti skrandžio 
karcinogenezę.  

Pastaruoju metu didelio susidomėjimo taip pat sulaukė žmogaus geneti-
kos ir mikrobiotos sąveika [22]. Pasitelkus viso genomo asociacijos tyrimus, 
ryšys tarp genetinių variacijų ir žarnyno mikrobiomo buvo analizuojamas 
keletoje studijų [23][24]. Nors daugelis identifikuotų genų lokusų buvo 
susieti su mikroorganizmų taksonomine įvairove ir sudėties skirtumais, tačiau 
daugelis šių radinių buvo nustatyti tiriant tikslines populiacijas ir yra sunkiai 
atkartojami. Taigi, svarstant, ar žmogaus skrandžio mikrobiomo įvairovę gali 
nulemti paveldimi veiksniai, reikalingos tolimesnės studijos siekiant nustatyti 
žmogaus genetikos ir mikrobiomo sąveiką [25]. Todėl antroji mūsų tyrimo 
dalis buvo skirta nustatyti zigotiškumo įtaką dvynių skrandžio mikrobiotos 
sudėčiai.  

Žinoma, kad skrandžio gleivinės ikivėžiniai pakitimai, pavyzdžiui, atro-
finis gastritas, vystosi progresuojant lėtiniam H. pylori gastritui, kuris yra vei-
kiamas žmogaus genetinių ir aplinkos veiksnių, tačiau šis ryšys dar nėra 
galutinai ištirtas. Taigi, studijos, tiriančios aplinkos ir paveldimumo įtaką 
morfologinėms lėtinio H. pylori gastrito savybėms, yra labai svarbios. Todėl 
trečiosios mūsų tyrimo dalies tikslas buvo įvertinti ir palyginti monozigotinių 
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ir dizigotinių dvynių lėtinio gastrito fenotipų skirtumus. Mūsų žiniomis tai 
yra pirmasis tyrimas, ištyręs dvynių skrandžio gleivinės pokyčius.  

3. Metodai 

Tyrimas atliktas gavus Lietuvos Bioetikos komiteto leidimą (Protokolo 
Nr. 8/2011) ir Kauno regioninio Biomedicininių tyrimų etikos komiteto 
leidimą (Protokolo Nr. BE-2-10). Visi asmenys pasirašė sutikimo dalyvauti 
tyrime formas.  

Tiriamieji  
Į pirmąją tyrimo dalį buvo įtraukti Lietuvos sveikatos mokslų univer-

siteto ligoninės Kauno klinikų (toliau – Kauno klinikų) Gastroenterologijos 
klinikos pacientai, sergantys naujai diagnozuotu skrandžio vėžiu, ir pacientai, 
turintys dispepsijos simptomų. Jie sudarė kontrolinę tyrimo grupę. Į tyrimą 
buvo įtraukti tik vyresni nei 18 metų amžiaus pacientai, kuriems anksčiau 
nebuvo taikyta H. pylori eradikacija bei 3 mėnesius iki endoskopinio tyrimo 
nebuvo skiriami protonų siurblio inhibitoriai (PSI) ir antibiotikai. Anksčiau 
netaikytas skrandžio vėžio gydymas buvo papildomas kriterijus skrandžio 
vėžio grupės pacientams. Iš viso į tyrimą įtraukėme 12 pacientų, sergančių 
skrandžio vėžiu, ir 22 kontrolinės grupės pacientus.  

Antrosios ir trečiosios tyrimo dalies tiriamųjų grupes sudarė Lietuvos 
sveikatos mokslų universiteto (LSMU) Biologinių sistemų ir genetinių tyrimų 
instituto Dvynių centro dvynių poros. Tyrime dalyvavo tik vyresni nei 18 
metų amžiaus dvyniai, kuriems anksčiau nebuvo taikyta H. pylori eradikacija 
bei 1 mėnesį iki endoskopinio tyrimo nebuvo skirtas gydymas PSI ir antibio-
tikais. Antrosios tyrimo dalies imtį sudarė 20 dvynių porų, turinčių dispep-
sijos simptomų ir dalyvaujančių studijoje, kuri buvo sudaryta iš 108 dvynių 
porų ir skirta ištirti dvynių seilių, skrandžio ir storojo žarnyno mikrobiotos 
sudėčiai.  

Trečiosios tyrimo dalies imtį sudarė 29 dvynių poros: dvidešimt dvynių 
porų iš antrosios tyrimo dalies ir devynios naujai į šią tyrimo dalį įtrauktos 
dvynių poros.  

Tyrimo eiga ir metodika  
Pirmojoje tyrimo dalyje tiriamiesiems ezofagogastroduodenoskopijos 

(EFGDS) metu atskiromis biopsinėmis žnyplėmis atliktos antralinės skran-
džio dalies gleivinės biopsijos bei paimtos skrandžio vėžio grupės pacientų 
papildomos biopsijos iš vėžio apimtos zonos gleivinės. Pirmoji biopsija iš 
kiekvienos srities buvo perkeliama į mėgintuvėlį su specialia terpe ir šaldoma 
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–80 °C temperatūroje, antroji prieš perkeliant į specialią terpę ir užšaldant 
buvo du kartus plaunama PBS buferyje, o trečioji naudojama histologinei 
H. pylori identifikacijai. Bakterijos skrandžio gleivinės mėginiuose buvo 
identifikuojamos naudojant biopsijų pasėlius ir MALDI-TOFF (angl. matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry) masės 
spektometrijos tyrimą bei atliekant bioinformatinę 16S rRNR bibliotekų 
duomenų analizę (BION-META (http://box.com/bion) paketas). Statistinė 
duomenų analizė atlikta naudojant „GraphPad Prism“ (5.01 versija) programą 
ir R paketą.  

Antrojoje tyrimo dalyje dalyviams EFGDS metu atliktos prievarčio bei 
skrandžio kūno gleivinės biopsijos, kurios buvo iš karto perkeliamos į 
mėgintuvėlius be terpės ir šaldomos –80 °C temperatūroje. Bakterijų DNR ir 
RNR iš biopsinės medžiagos buvo išskirtos naudojant „Allprep DNA/RNA 
mini kit“ (Qiagen, Vokietija) rinkinį, o 16S rRNR bibliotekos buvo paruoštos 
naudojant 16S rRNR variabilaus regiono pagausinimą PGR metodu. Statisti-
nė duomenų analizė atlikta naudojant R paketą. 

Atliekant trečiąją tyrimo dalį dvyniams EFGDS metu paimtos skrandžio 
gleivinės biopsijos pagal atnaujintos Sidnėjaus klasifikacijos protokolą. Šios 
biopsijos pagal ėminio topografinę vietą buvo perkeltos į atskirus mėgintu-
vėlius, užpildytus 10 proc. formalino tirpalu. Vėliau šie mėginiai buvo liejami 
į parafininius blokelius ir ruošiami histologiniams preparatams. H. pylori 
identifikacijai histologiniai preparatai buvo dažomi hematoksilino-eozino 
(HE) ir Gimzos metodais. Histologiniai audinių preparatai buvo vertinami 
pagal atnaujintą Sidnėjaus klasifikaciją bei OLGA ir OLGIM gastrito stadija-
vimo sistemas. Statistinė duomenų analizė atlikta naudojant IBM SPSS 
Statistics for Windows (22.0 versija) programą.  

4. Rezultatai 

Pirmosios tyrimo dalies pacientų demografiniai ir klinikiniai duomenys 
pateikti 4.1 lentelėje.  
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4.1 lentelė. Demografiniai ir klinikiniai pacientų duomenys  

Diagnozė 
Vidutinis 
amžius 
(metai) 

Lytis 
H. pylori 
statusas 

(Histologija) 

Lauren 
klasifika-

cija 

G 
stadija 

Skrandžio 
vėžio sritis – 

Proksimalinė/ 
Distalinė 

Skrandžio 
adenokar-
cinoma 
(n = 12) 

62,2 Moterys  
(n = 5) 

Neigiamas 
(n = 9) 

Difuzinis 
(n = 6) 

2 
(n =5) 

Proksimalinė 
(n = 3) 

Vyrai  
(n = 7) 

Teigiamas 
(n = 3) 

Žarninis 
(n = 4) 

3 
(n =7) 

Distalinė 
(n = 9) 

    Mišrus  
(n = 2) 

  

Dispepsija 
(n = 22) 

48,1 

  

Moterys 
(n = 18) 

Neigiamas 
(n = 11) 

– – – 

Vyrai 
(n = 4) 

Teigiamas 
(n = 11) 

 – – – 

 
Iš 4.2 lentelėje pateiktų duomenų matyti, kad 27 biopsijų porose po 

plovimo pasėliai buvo neigiami arba juose nustatytas sumažėjęs ne-Helico-
bacter bakterijų kolonijų skaičius, 5 biopsijų porų pasėliuose ne-Helicobacter 
bakterijų kolonijų skaičiaus pokyčių nenustatyta, o 3 porose plautų biopsijų 
pasėliuose kolonijų skaičius buvo didesnis už kolonijų skaičių neplautų 
biopsijų pasėliuose. Tai rodo, kad dalis bakterijų, kaip ir buvo tikėtasi, buvo 
išplautos iš skrandžio gleivinės kaip laikina mikroflora.  

4.2 lentelė. Neplautų ir plautų skrandžio gleivinės pasėlių rezultatų paly-
ginimas 

Neplautų ir plautų biopsijų pasėlių rezultatai Dispepsijos 
grupė 

Skrandžio vėžio 
grupė 

 Abiejose biopsijų grupėse bakterijų augimo 
nestebėta 8 biopsijų poros 3 biopsijų poros 

Bakterijų augimas stebėtas tik neplautų biopsijų 
pasėliuose  4 biopsijų poros 5 biopsijų poros 

Sumažėjęs bakterijų augimas plautų biopsijų 
pasėliuose 9 biopsijų poros 9 biopsijų poros 

Abiejose biopsijų grupėse bakterijų augimo 
pokyčių nestebėta 1 biopsijų pora 4 biopsijų poros 

Pagausėjęs bakterijų augimas plautų biopsijų 
pasėliuose 0 biopsijų porų 3 biopsijų poros 

 
Atlikus mikrobiotos analizę, statistiškai reikšmingų bakterijų rūšių įvai-

rovės (α įvairovės) (p = 0,22581) bei jų rūšinio pasiskirstymo (β įvairovės) 
(p = 0,801199) skirtumų neplautuose ir plautuose skrandžio gleivinės mėgi-
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niuose nenustatyta. Statistiškai reikšmingų bakterijų α (p = 0,556831) ir β (p = 
0,052947) įvairovės skirtumų taip pat nenustatyta ir tarp pacientų grupių. 
Tačiau statistiškai reikšmingai gausesnė (p = 0,004353) ir skirtinga (p = 
0,0009999) rūšinė bakterijų įvairovė nustatyta mėginiuose be H. pylori paly-
ginti su mėginiais, kuriuose H. pylori buvo nustatyta.  

Antrojoje tyrimo dalyje atlikę dvynių skrandžio mikrobiotos analizę, nu-
statėme, kad skrandžio gleivinės mėginiuose esanti H. pylori yra dominuo-
janti bakterijų rūšis. Streptococcaceae buvo vyraujanti ne-Helicobacter 
bakterijų šeima. 8 iš 20 dvynių porų H. pylori atžvilgiu buvo diskordantiškos. 
Analizė parodė, kad H. pylori yra pagrindinis veiksnys, įtakojantis dvynių 
skrandžio mikrobiotos sudėtį. Be to, lyginant bakterijų sudėties panašumą 
porų mėginiuose pagal Brei-Kurtis (angl. Bray-Curtis) kriterijų, statistiškai 
reikšmingų skirtumų tarp dvynių grupių nenustatyta.  

Trečiosios tyrimo dalies dvynių porų demografiniai ir klinikiniai duome-
nys pateikti 4.3 lentelėje.  

4.3 lentelė. Demografiniai ir klinikiniai dvynių porų duomenys 

Dvynių poros Monozigotinės 
n (14) 

Dizigotinės 
n (15) p vertė 

Dvynių lytis poroje VV 
n (3) 

MM 
n (11) 

VM 
– 

VV 
n (1) 

MM 
n (9) 

VM 
n (5) 

 

Amžiaus vidurkis (mediana) 40,3 (39,5) 38,6 (36) 0,623 
VV: abu dvyniai vyriškosios lyties; MM: abu dvyniai moteriškosios lyties; VM: dvynių pora 
sudaryta iš vyriškosios ir moteriškosios lyties individų.  

H. pylori konkordantiškumas tarp monozigotinių ir dizigotinų dvynių 
porų statistiškai reikšmingai nesiskyrė (p = 0,893). Įvertinus OLGA ir OLGIM 
gastrito stadijų konkordantiškumą tarp monozigotinių ir dizigotinių dvynių, 
statistiškai reikšmingų skirtumų taip pat nebuvo nustatyta (p = 0,097, 
p = 0,175).  

5. Išvados 

1. Po plovimo mėginiuose sumažėjęs bakterijų kolonijų skaičius įrodo, kad 
dalis skrandyje aptinkamų bakterijų rūšių yra laikinos, o bakterijų rūšių 
įvairovė bei jų rūšinis pasiskirstymas neplautuose ir plautuose skrandžio 
gleivinės mėginiuose statistiškai reikšmingai nesiskyrė.  

2. Statistiškai reikšmingų skrandžio mikrobiotos pokyčių sergant skrandžio 
vėžiu nenustatyta.  
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3. Statistiškai reikšmingi bakterijų įvairovės pokyčiai mėginiuose, esant 
H. pylori, rodo, kad H. pylori yra pagrindinis veiksnys, įtakojantis skran-
džio mikrobiotos sudėtį.  

4. Zigotiškumo įtakos skrandžio mikrobiotos sudėčiai nenustatėme. H. pylori 
buvo pagrindinis veiksnys, įtakojantis dvynių skrandžio mikrobiotos 
sudėtį, neatsižvelgiant į jų zigotiškumą.  

5. Patomorfologinių skrandžio gleivinės pokyčių konkordantiškumo dažnis 
tarp monozigotinių ir dizigotinių dvynių buvo aukštas, tačiau ikivėžiniai 
pokyčiai, stadijuojami pagal OLGA ir OLGIM gastrito klasifikavimo 
sistemas, nebuvo nulemti dvynių zigotiškumo.  
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