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ABBREVIATIONS 

AG – Atrophic gastritis 
Ath-miR – Arabidopsis thaliana micro ribonucleic acid 
CagA – Cytotoxin-Associated Gene A (of Helicobacter pylori) 
CAV1 – Caveolin 1 
CDH1 – E-cadherin gene 
CIN – Chromosomal instability 
DNA – Deoxyribonucleic acid 
EBV – Epstein-Barr Virus 
EREG  – Epiregulin 
FAT4 – FAT Atypical Cadherin 4 
FDR – False Discovery Rate 
GC – Gastric cancer 
GCadj – Gastric cancer adjacent 
GNCA – Gastric non-cardia adenocarcinoma 
GTP – Guanosine-5'-triphosphate 
H. pylori –   Helicobacter pylori  
Hsa-miR – Homo sapiens micro ribonucleic acid 
IRF1 – Interferon Regulatory Factor 1 
JAK2 – Janus kinase 2 
microRNA, miRNA – Micro ribonucleic acid 
MLH1 – MutL Homolog 1 is a Protein Coding gene 
mRNA – Messenger ribonucleic acid 
OR – Odds ratio 
PDCD1LG2 – Programmed Cell Death 1 Ligand 2 
PD-L1 – Programmed death-ligand 1  
PIK3CA – Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit 

alpha  
PTEN – Phosphatase and Tensin Homolog  
qRT-PCR – Quantitative real-time polymerase chain reaction 
RHO – (Rhodopsin) is a Protein Coding gene 
RHOA – (Ras Homolog Family Member A) is a Protein Coding gene 
RNA – Ribonucleic acid 
Small RNA-seq – Small RNA sequencing 
SNP – Single-nucleotide polymorphism 
TLDA – TaqMan low density array 
TNM – TNM Classification of Malignant Tumours 
TP53 – Tumor protein p53 
TXNIP – Thioredoxin Interacting Protein 
vacA – Vacuolating cytotoxin A (of Helicobacter pylori) 
WHO – World Health Organization 
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INTRODUCTION 

Gastric cancer (GC) is a common malignancy and a leading cause of 
cancer related death in the world [1]. According to GLOBOCAN 2012, 
952,000 new cases of GC were estimated to have occurred in 2012 (6.8% of 
the total cancer burden), making it the fifth most common malignancy in the 
world after lung, breast, colorectal and prostate cancers. Whereas, according 
to Lithuanian Cancer Registry 2012, 947 new cases of GC were diagnosed in 
2012 (5% of the total) and it was the sixth most common cancer by morbidity, 
but it was the second leading cause of death in both sexes in Lithuania (8% 
of total), after lung cancer. Mortality rates are notably high because, in most 
cases, the disease is diagnosed at advanced stages when the treatment is likely 
to fail. The overall 5-year survival rate of patients with GC ranges from 10% 
to 30% [2]. Therefore, one of the major focuses in GC research is the 
evaluation of potential molecular biomarkers that could be used for early non-
invasive diagnostics of this malignancy. 

Both environmental and genetic factors play a role in etiology of GC; 
however, as in most cancers, pathogenetic mechanisms in GC are still not 
fully understood. Demographic and environmental risk factors for GC include 
older age, male sex, family history, tobacco smoking, H. pylori infection and 
obesity [3]. Nevertheless, the exact mechanisms of malignant transformation 
from H. pylori infection to chronic atrophic gastritis (AG), intestinal 
metaplasia and GC is still poorly understood [4]. Important studies have 
shown that miRNAs are already deregulated in early stages of gastric 
carcinogenesis including H. pylori gastritis and premalignant stages of gastric 
atrophy and intestinal metaplasia [5, 6]. 

In recent years, different studies, including genome-wide association 
studies (GWAS), examined genetic risk factors for GC. The discovery of 
microRNAs (miRNAs) has opened new opportunities for understanding of 
pathophysiology and molecular biology of GC [7]. Small non-coding miRNA 
molecules (approximately 18–25 nucleotides) regulate gene expression 
through sequence-specific pairing with the target messenger RNA (mRNA) 
and inhibition of its translation [8] and influence the development of diseases 
[9], especially cancer [10, 11]. Furthermore, miRNAs have been shown to 
have a diagnostic or prognostic role and even potential clinical implications 
for targeted gene therapy in cancer patients [12, 13]. Volinia et al. have 
provided one of the first miRNA expression profiles in GC tissue showing a 
specific deregulation pattern [14]. Further studies have also reported 
significant deregulation of miRNAs belonging to hsa-miR-17, hsa-miR-21, 
hsa-miR-223, hsa-miR-135 and many other families. Among reported studies 
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in GC tissues, hsa-miR-21, hsa-miR-25, hsa-miR-92, hsa-miR-223 were the 
most consistently up-regulated miRNAs, while hsa-miR-375 and hsa-miR-
148 were the most consistently down-regulated [15–17]. 

Other studies have revealed that certain single-nucleotide polymor-
phisms (SNPs) of miRNA encoding genes may alter miRNA expression and 
influence cancer development [9, 18]. Moreover, genetic variations within 
miRNA binding sites affect the miRNA–mRNA interaction. SNPs within a 
miRNA target can reinforce, weaken or disrupt the binding with miRNAs and 
change the expression of mRNA targets [19–21].  

Target-gene identification may help to understand the function of 
miRNAs. This process is challenging because miRNAs bind to their target 
mRNAs over a short sequence and the effectivity of targeting are not 
completely understood. Computational and experimental approaches to the 
identification of miRNA-regulated genes are applied [20].  

MiRNAs are considered to be a promising candidate for clinical diag-
nosis of many malignant diseases, but this requires more research [23, 24]. 
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1. AIM AND OBJECTIVES 

The aim of this study was to investigate microRNA profile and the role of 
their target gene in gastric cancer pathogenesis and to assess the relevance of 
these biomarkers for non-invasive diagnosis of the malignant disease.  

1.1. Objectives of the study 

1. To determine association between single nucleotide polymorphisms 
in the predicted microRNA target genes IL12B (rs1368439), INSR 
(rs1051690), CCND1 (rs7177) and IL10 (rs3024498) and the presence 
of gastric cancer in European population. 

2. To establish microRNA expression profile in tissue of patients with 
gastric cancer and atrophic gastritis. 

3. To assess the expression of selected microRNAs in plasma of patients 
with gastric cancer and to evaluate their suitability for non-invasive 
diagnostic. 

4. To evaluate expression differences of the predicted microRNA target 
genes by experimentally inhibiting hsa-miR-20b and increasing 
amount of hsa-miR-451a and hsa-miR-1468 in gastric cancer cell 
lines. 

1.2. The novelty and relevance of the work 

Study provides novel evidence on: (i) SNPs in miRNA binding sites of 
target-gene and GC, (ii) miRNA profile in gastric cancerous and precancerous 
conditions, as well as their suitability for non-invasive diagnostic, (iii) po-
tential target-genes for miRNA. These findings provide a more detailed 
molecular understanding of GC and tumorgenesis. Moreover, this data might 
serve not only for the future scientific works, but are highly significant for 
diagnostics and further identification of new targets and development of novel 
therapeutics. 
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2. REVIEW OF LITERATURE 

2.1. Epidemiology of gastric cancer 

Gastric cancer (GC) is a common malignancy and a leading cause of 
cancer related death in the world [1]. According to GLOBOCAN 2012, 
952,000 new cases of GC were estimated to have occurred in 2012 (6.8% of 
the total cancer burden), making it the fifth most common malignancy in the 
world, after lung, breast, colorectal and prostate cancers. Whereas, according 
to Lithuanian Cancer Registry 2012, 947 new cases of GC were diagnosed in 
2012 (5% of the total) and it was the sixth most common cancer by morbidity, 
but it was the second leading cause of death in both sexes in Lithuania (8% 
of total), after lung cancer. Mortality rates are notably high because, in most 
cases, the disease is diagnosed at advanced stages when the treatment is likely 
to fail. The overall 5-year survival rate of patients with GC ranges from 10% 
to 30% [2]. 

2.1.1. Classification and histology of gastric cancer 
According World Health Organization (WHO), gastric tumors are histolo-

gicaly classified into epithelial and non-epithelial tumors, as shown in 
Table 2.1 [23]. 

About 90% of cancers of the stomach are adenocarcinomas and they deve-
lops from the stomach mucosa, usually maintaining glandular differentiation 
[24]. Other less common tumors of the stomach are lymphomas (4% of total), 
gastrointestinal tumors, carcinoid tumor and others types of cancer, such as 
squamous cell carcinoma, small cell carcinoma, and leiomyosarcoma, can also 
start in the stomach, but these cancers are very rare. 

The most frequent site of sub-cardial GC is the distal stomach, i.e. the 
antro-pyloric region. Carcinomas in the body or the corpus of the stomach are 
typically located along the greater or lesser curvature [23]. 
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Table 2.1. Classification of gastric tumors according WHO [23]. 

Epitelial tumors Non-epithelial tumors 
• Intraepithelial neoplasia – Adenoma 
• Carcinoma 

− Adenocarcinoma 
 intestinal type 
 diffuse type 

− Papillary adenocarcinoma 
− Tubular adenocarcinoma 
− Mucinous adenocarcinoma 
− Signet-ring cell carcinoma 
− Adenosquamous carcinoma 
− Squamous cell carcinoma 
− Small cell carcinoma 
− Undifferentiated carcinoma 
− Others 

• Carcinoid (well differentiated 
endocrine neoplasm) 

 

• Leiomyoma 
• Schwannoma 
• Granular cell tumor 
• Glomus tumor 
• Leiomyosarcoma 
• GI stromal tumor 

− benign 
− uncertain malignant potential 
− malignant 

• Kaposi sarcoma 
• Malignant lymphomas 

− Marginal zone B-cell lymphoma of 
MALT-type 

− Mantle cell lymphoma 
− Diffuse large B-cell lymphoma 
− Others 

• Secondary tumors 
 
Adenocarcinomas are classified according to histology and location. In the 

traditional Laurén classification, GC is divided into two types: intestinal and 
diffuse types. Intestinal type is more common than diffuse [27–29]. These two 
types seem to follow different precancerous processes and show clinical and 
epidemiologic differences, H. pylori infection is the strongest risk factor for the 
development of most tumors of both types [27]. The intestinal type is more 
common in males, blacks, and older age [28]. Diffuse carcinoma tends to affect 
younger individuals, mainly females; it frequently has hereditary character-
ristics, perhaps modulated by environmental influences [32, 33]. 

The consortium of The Cancer Genome Atlas (TCGA) described mole-
cular classification of GC and suggested four subtypes: 

• chromosomal instability (CIN) type; 
• genomically stable (GS) tumors (near-diploid type); 
• EBV-positive tumors; 
• microsatellite instability (MSI)-positive tumors; 
And every of them is described: 
The CIN tumors have been associated with marked aneuploidy and focal 

amplification of receptor tyrosine kinases, as well as mutations of TP53. 
The GS type has been associated with diffuse tumors, mutations of CDH1 

and RHOA, or fusions involving RHO family GTPase-activating proteins. 
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The EBV-positive tumors have been correlated with PIK3CA mutations; 
high levels of DNA hypermethylation; and amplification of JAK2, PD-L1, and 
PDCD1LG2. 

The MSI tumors display characteristic hypermutation phenotype and 
downregulation of MLH1 gene (Fig. 2.1) [31]. 

 

 

Fig. 2.1. The four molecular subtypes of gastric cancer.  
Distribution of molecular subtypes in tumors obtained from distinct  

regions of the stomach is represented by inset charts [31]. 

2.1.2. Risk factors of gastric cancer 
GC is a genetically heterogeneous tumor with multifactorial etiologies, 

associated with environmental and genetic factors. 

2.1.3. Environmental Risk Factors 

• Gender and ethnicity. GC is more common in men than in woman 
[28] . 

• Age: Risk increases with age, GC is extremely rare below the age 
of 30 [23]. 

• Where a person lives: Worldwide, stomach cancer is more common 
in Eastern Asia, Central and Eastern Europe, Central and South 
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America. Meanwhile GC is less common in North America, Austra-
lia, Africa, Micronesia (GLOBOCAN, 2012). 

• Diet: Being overweight or obese increasing the risk of GC. The risk 
of GC increase when using smoked foods, salted fish and meats, and 
pickled vegetables. An adequate intake of fresh fruits and vegetables 
lowers the risk [32], but one new meta-analysis have shown no 
significant association between GC risk and flavonoid intake 
(OR = 0.88; 95% CI = 0.74–1.04, I2 = 63.6%) for a comparison of the 
highest to the lowest category of intake [33]. 

• Earlier stomach surgery: The risk of gastric carcinoma increases 5–
10 years after gastric surgery, especially when the Bilroth II opera-
tion, which increases bile reflux, was performed [23]. 

• Family history: In most studies, the familial relative risk is appro-
ximately three-fold, which is larger than that observed for most other 
adult forms of solid cancer, with the exception of ovarian cancer. In 
India, Korea and Turkey, much higher relative risks have been 
reported [34]. 

• Physical activity: the risk of GC is lower among the most physically 
active people as compared with the least physically active people 
[35]. 

• Helicobacter pylori. The most important development in the 
epidemiology of adenocarcinoma is the recognition of its association 
with H. pylori infection. Prolonged precancerous process, such as 
chronic gastritis, multifocal atrophy, intestinal metaplasia, and 
intraepithelial neoplasia, however, H. pylori is genetically heteroge-
neous, and all strains may not play the same role in the development 
of malignancy. There are two main virulence factors which are 
implicated in the progression and the severity of GC, these are 
Cytotoxin-Associated Gene A (CagA) and Vacuolating Cytotoxin A 
(VacA) which are injected and secreted by H. Pylori, respectively 
[39, 40]. 

2.1.4. Genetic Risk factors 
Less than 3% of GC cases arise as a result of inherited syndromes and 

acquired genetic factors contributing to sporadic GC, which have been 
systematized and described in a review of Mairi H. McLean and Emad M. El-
Omar [38]. 
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2.1.5. Hereditary factors 

• Hereditary diffuse GC – autosomal dominant condition is associated 
most frequently with a heterozygous germline mutation in CDH1 
gene.; CDH1 germline mutation and potential catenin family genes 
implicated; 

• Gastric adenocarcinoma and proximal polyposis of the stomach – 
implicated genes are unknown; 

• Hereditary nonpolyposis colorectal cancer – mismatch repair genes 
such as MSH2 or MLH1 are implicated; 

• Li-Fraumeni syndrome (rare) – TP53 implicated; 
• Peutz-Jeghers syndrome (rare) – STK11 implicated; 
• Familial adenomatous polyposis (rare) – APC implicated Acquired 

genetic factors contributing to sporadic GC. 

2.1.6. Acquired genetic factors 

• Chromosomal instability, such as aneuploidy, chromosomal translo-
cation, amplification, deletion and loss of heterozygosity; 

• Fusion genes, for example, SLCIA2 (SLCIA2–CD44 fusion protein) 
and ROS1 (SLC34A2–ROS1); 

• Microsatellite instability, for example, hyper-methylation of promoter 
of mismatch repair genes, primarily MSH1; 

• SNPs identified using the candidate gene approach (IL1B-31*C, 
IL1RN*2/*2, IL-10, TNF, IL-17A-187*A); 

• SNPs identified using genome wide association studies (PSCA 
rs2976392*A, MUC1 rs4072037*A); 

• Exome sequencing (high-throughput studies) identified driver genes 
such as FAT4, ARID1A and RHOA; 

• Copy number profile sequencing (high-throughput studies) revealed 
associations with components from RTK/RAS signaling pathway, 
e.g., FGFR2; 

• Changes in miRNA profile; e.g., overexpression of hsa-miR-181a 
influencing target-gene KLF6 or loss of hsa-miR-449 resulting in 
reduced expression of tumor suppressor genes such as TP53. 

2.1.7. Atrophic gastritis 
Invasive gastric carcinoma is preceded by a cascade of precancerous 

lesions. The distal GC can be of two types, intestinal and diffuse, each 
following different developmental pathways. For intestinal type GC starts from 
uncontrolled gastric inflammation, which may lead to mucosal atrophy and 
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hypochlorhydria and increase the risk for intestinal metaplasia, dysplasia and 
finally cancer [39]. Little is known about the development of diffuse type GC, 
however it is recognized that H. pylori and inflammation may also play a 
signifycant role. The first step causing histologic changes in gastric tissue is 
acute inflammation leading to (i) non-atrophic chronic gastritis or (ii) advance 
to multifocal atrophic gastritis (MAG) and further proceeding to precancerous 
cascade: (iii) intestinal metaplasia (first “complete” and then “incomplete”), 
(iv) dysplasia (first low grade and then high grade (equivalent to “carcinoma in 
situ”)) and finally development of GC, which is thought to be associated with 
degradation of the intercellular matrix [40] (Fig. 2.2).  

 

 
Fig. 2.2. Precancerous cascade of gastric cancer 
(MALT-mucosa-associated lymphoid tissue) [41]. 

2.1.8. Diagnosis of gastric cancer 
Screening is testing for cancer in people without symptoms. In countries 

such as Japan, where GC is very common, mass screening of the population 
has helped to find many cases at an early, curable stage [42]. Studies in the 
United States have not found that routine screening in people at average risk of 
GC is useful, because this disease is not that common. 
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The following tests can help diagnose GC: complete blood count (CBC) to 
check for anaemia or Stool test to check for blood in the stools. The main test 
for GC is upper endoscopy, but it is usually performed when people have some 
signs or symptoms of stomach diseases. Unfortunately most patients are 
asymptomatic in the early stage of GC [43]. If an abnormal-looking area is seen 
on endoscopy, the only one way to tell for sure if it is really cancer is by doing 
a biopsy. The biopsy sample may be tested in 2 different ways: 

Immunohistochemistry (IHC): in this test, special antibodies that stick to 
the HER2/neu protein are applied to the sample, which cause cells to change 
color if many copies are present. This color change can be seen under a 
microscope. The test results are reported as 0, 1+, 2+, or 3+.  

Fluorescent in situ hybridization (FISH): This test uses fluorescent pieces 
of DNA that specifically stick to copies of the HER2/neu gene in cells, which 
can then be counted under a fluorescent microscope. 

Other imaging tests could be used, such us computed tomography scan, 
magnetic resonance imaging scan, positron emission tomogramphy scan, 
sound waves scan and X-ray. But not all methods are readily available, some 
of them are expensive or invasive. 

2.2. MicroRNA 

More and more data suggest that small non-coding RNAs such as 
microRNAs (miRNAs) can be utilized as potential biomarkers for the diagnosis 
and prognosis of a variety of diseases such as Type-II diabetes, cardiovascular 
disease, neurological disorders, cancer and other. 

2.2.1. MiRNA biogenesis 

MiRNAs are ∼ 22 nucleotides in length, small non-coding RNAs that 
function as guide molecules in RNA silencing [44]. Since 1993 a huge number 
of small RNA classes have been identified, including miRNAs, small 
interfering RNAs (siRNAs) and Piwi-interacting RNAs (piRNAs). These 
classes differ in their biogenesis, modes of target regulation and in the 
biological pathways they regulate [45]. 

The human genome encodes for over 1,800 miRNAs and they regulate 
about 60% of the human protein-coding genes. Moreover, single miRNA may 
target hundreds of mRNA [49, 50]. They play a role on the organ development, 
differentiation and function, as well as tumor formation, progression, invasion 
and metastasis. 
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MiRNA genes are scattered among chromosomes in humans, except for 
the Y chromosome and they are located within different genomic regions 
(intragenic or intergenic) (Fig. 2.3). The primary miRNA transcripts are trans-
cribed as precursor molecules called pri-miRNAs by RNAPII. Pri-miRNAs are 
derived either from annotated transcripts (as the introns of protein coding 
genes, the exons of noncoding genes, or the introns of noncoding genes) or 
from intergenic regions within the genome and can encode a single or multiple 
miRNAs [48]. 

RNase Drosha further processes pri-miRNA into 70- to 100-nt hairpin-
shaped precursors, called pre-miRNA, which are exported from the nucleus by 
exportin 5. In the cytoplasm, the pre-miRNA is cleaved by Dicer into a 
miRNA:miRNA* duplex. Both arms of the mature product from a hairpin have 
the potential to function as miRNAs, however which of them will be 
subsequently loaded into the RISC complex depends on tissue or develop-
mental stage of the cell [49]. MiRNA arm switching is likely to be associated 
with a change in miRNA function, i.e. a single miRNA precursor encodes two 
mature miRNAs, with distinct targeting properties [49]. 

Assembled into RISC, mature miRNA negatively regulates gene expres-
sion by either translational repression or mRNA degradation, which is depen-
dent on sequence complementarity between the miRNA and the target mRNA. 
A role of miRNA depends on its target-genes, i.e. miRNA could be an 
oncogene or a tumor suppressor gene. A recent computational analysis showed 
that miRNAs from the same precursor not only target different genes, but also 
generally target genes involved in different cellular processes. 
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Fig. 2.3. MiRNA biogenesis [50]. 

2.2.2. MiRNA–mRNA interactions  
MiRNAs function by targeting complementary sequences in mRNA 

transcripts, usually in the 3′ untranslated region (3′ UTR), and prevent protein 
synthesis by inhibiting translation or inducing target-gene degradation. The 
seed sequence of miRNA (the first 2–8 nucleotides starting at the 5′- end and 
counting toward the 3′-end) has to be perfectly complementary to target mRNA 
sequence in order to form Watson-Crick pairs with the cognate target-gene 
(Fig. 2.4). A Watson-Crick match between a miRNA and mRNA nucleotide 
occurs when adenosine (A) pairs with uracil (U) and guanine (G) pairs with 
cytosine (C). G:U wobble in the seed match refers to the allowance of a G 
pairing with a U instead of a C. Furthermore, mRNA can be repressed by more 
than one miRNA species at the same time. The level of repression achieved is 
dependent on both the amount of mRNA and the amount of available miRNA 
complexes [51]. 
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Fig. 2.4. Schematic miRNA:mRNA interaction. MiRNA position number is 
shown in blue. The seed sequence refers to nucleotides in miRNA position 

number 2–8. Flank refers to the mRNA sequence on either side of the region 
corresponding to the miRNA seed sequence. Watson-Crick matches in the 

seed sequence are shown in red, and an example of G-U wobble in the seed 
sequence is shown in green [47]. 

Discovering miRNA expression patterns that are unique to a particular 
cancer and their target-genes is an important step in identifying biomarker 
signatures that will be effective in cancer detection [52]. 

2.2.3. Single nucleotide polymorphisms influence miRNA function 
Since the discovery of miRNAs, a great number of studies had character-

rized genetic polymorphisms in miRNA genes and genes, encoding proteins 
important in miRNA processing, that affect miRNA regulation [53], affect the 
miRNA–mRNA interaction and influence the development of diseases [9], 
especially cancer. However, sequencing has shown that single nucleotide 
polymorphisms (SNPs) in miRNA coding genes and specifically in miRNA 
seed regions are rare [57, 58].  

SNPs in miRNA genes are thought to affect miRNA processing and 
function in three ways [53, 59]: (i) through the transcription of the primary 
transcript (SNPs in DROSHA, DGCR8 and etc.). For example, Dicer was 
found to be reduced in GC tissues in both mRNA and protein levels and down-
regulation of Dicer was correlated with tumor differentiation and lymph node 
invasion in GC tissues, which suggested an essential role of Dicer in cancer 
invasion [57]. (ii) through pri-miRNA and pre-miRNA processing (SNPs in 
pri-, pre-miRNA). SNP in hsa-miR-27a gene (rs11671784) was shown to be 
associated with GC [9] and SNP in pri-miR-365b (rs121224) was shown to be 
associated with intestinal-type GC [58]. SNPs can occur in the pri-miRNA and 
pre-miRNA strands and are likely to affect miRNA processing and subsequent 
mature miRNA levels. Such SNPs can lead to either an increase or decrease in 
processing [50]. (iii) through effects on miRNA–mRNA interactions (SNPs in 
miRNA seed and in mRNA regulatory regions) [8, 53] (Fig. 2.5). SNPs in 
mature miRNAs and miRNA target binding sites function analogously to 
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modulate the miRNA–mRNA interaction and create or destroy miRNA 
binding sites [19–21, 53].Target site polymorphisms still remain poorly 
explored in different cancers including GC. The importance of miRNA related 
SNPs in gene regulation and the mechanism by which these SNPs can induce 
alteration in molecular pathways is largely unknown. 
 

 
Fig. 2.5. Example of SNPs in miRNA seed and mRNA regulatory regions. 

2.2.4. Role of miRNAs in atrophic gastritis 
Gastric carcinogenesis is a multifactorial H. pylori-triggered dynamic 

process that goes through a cascade of preneoplastic conditions [59]. 
Important studies have shown that miRNAs are already deregulated in early 
stages of gastric carcinogenesis, including H. pylori induced gastritis and 
premalignant stages of gastric atrophy and intestinal metaplasia. Study by 
Petrocca et al. showed that chronic inflammation of the gastric mucosa was 
associated with alteration of seven miRNAs, specifically hsa-miR-155 [60]. 
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In the recent study by Link et al. the expression of hsa-miR-155, as well as 
hsa-miR-223 was shown to be increased in chronic non-atrophic gastritis 
(CNAG) and atrophic gastritis (AG) compared with normal H. pylori-nega-
tive gastric mucosa [6]. Matsushima et al. profiled tissue samples from 
H. pylori positive and negative subjects and also described an upregulation of 
hsa-miR-223, as well as down-regulation of other 30 miRNAs (such as has-
let-7, hsa-miR-101, hsa-miR-103, hsa-miR-204, hsa-miR-223, hsa-miR-377, 
etc.). Moreover, eight of the miRNAs (hsa-miR-223, hsa-miR-200a, hsa-
miR-31, has-let-7e, hsa-miR-141, hsa-miR-203, hsa-miR-204 and hsa-miR-
455) enabled discrimination of H. pylori status with acceptable accuracy [61]. 
These miRNAs were shown to be related with cancer: Kang W et al. confir-
med oncogenic role of hsa-miR-223 by targeting STMN1 gene in GC [62], 
whereas Li Bo-sheng et al., validated hsa-miR-223 expression in plasma of 
GC patients [63]. MiRNAs previously shown to be associated with GC, were 
also shown to be deregulated in precancerous conditions, e.g. hsa-miR-200a 
was shown to be upregulated in the GC tissue [64]. Other study summarized 
that hsa-miR-200 family, consisting of 5 members (hsa-miR-200a, -200b,  
-200c, -141, -429), was associated with cancer initiation and metastasis [65]. 
This confirms that a number of miRNAs, which are associated with GC are 
abnormal in precancerous stages as well, so those miRNAs could be used for 
early GC diagnostic. 

2.2.5. Role of miRNAs in gastric cancer 
An increasing number of studies have identified miRNAs as potential 

biomarkers for GC diagnosis, prognosis and therapeutic targets [7, 69, 70]. 
Volinia et al. have provided one of the first miRNA expression profiles in GC 
tissue showing a specific deregulation pattern [14]. In tumors up-regulated 
miRNAs inhibit tumor suppressors, leading to cell proliferation, invasion and 
reduced apoptosis. These miRNAs are named oncoMiRs. In contrast, down-
regulated miRNAs target oncogenes and facilitate the activity of their target 
oncogenes. Many studies have reported significant deregulation of miRNAs 
belonging to hsa-miR-17, hsa-miR-19, hsa-miR-21, hsa-miR-223, hsa-miR-
135 and other families. Rewiev by Wadhwa [68] indicated the members of hsa-
miR-17-92 cluster (hsa-miR-17, hsa-miR-18a, hsa-miR-19a, hsa-miR-20a, 
hsa-miR-19b-1 and hsa-miR-92) to play an important role in the oncogenesis 
of GC by inhibiting tumor suppressor genes. Hsa-miR-17 may function as 
oncogene and promote cancer development by negatively regulating tumor 
suppressor genes or genes that control cell proliferation [68]. Hsa-miR-19 
consists of three subclasses in humans: hsa-miR-19a, hsa-miR-19b1 and hsa-
miR-19b2. hsa-miR-19 has been shown to downregulate phosphatase and 
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tensin homolog (PTEN) and effectively increase activity of the cellular 
survival-promoting signal pathway PI3K-Akt [69]. Another oncomiR - hsa-
miR-21 has been found to be deregulated in a wide variety of human cancers, 
including breast, colorectal, lung, pancreas, skin, liver, gastric, cervical, thy-
roid, various lymphatic and hematopoietic cancers. Interestingly, high levels of 
hsa-miR-21 may not only characterize cancer cells but also represent a common 
feature of pathological cell growth or cell stress [70]. Hsa-miR-155 is a 
commonly up-regulated oncomiR in human cancers and is suggested as a novel 
non-invasive biomarker for human cancer detection [71]. Among reported 
studies in GC tissues, hsa-miR-21, hsa-miR-25, hsa-miR-92, hsa-miR-223 
were the most consistently up-regulated miRNAs, while hsa-miR-375 and hsa-
miR-148 were the most consistently down-regulated [15–17]. 

Interestingly, some of miRNAs have opposite deregulation directions in 
the presence of GC, as separate profiling studies show significant inconsistency 
among deregulated miRNAs [72]. Hsa-miR-9 was found to be up-regulated in 
two studies [16, 76], while two other papers showed signifycant down- 
regulation of this miRNA in GC tissues [63, 77]. These discrepancies regarding 
opposite direction of deregulation are most likely linked to differrences in 
anatomical location of the GC, histological subtype, disease stage, profiling 
platforms, statistical analysis and many other potential confounding factors. 
Besides, the majority of currently published studies on miRNA profile in GC 
tissues cover subjects from Asian countries; meanwhile, data on European GC 
patients is still scarce [76].  

Based on the literature survey one could point out a huge number of 
miRNAs or miRNA families to be associated with GC. However, the acquired 
results in GC miRNA research are conflicting, therefore further studies are 
needed in order to validate them. 

2.2.6. Circulating miRNAs 
MiRNA presence in blood was discovered in 2008. They can be detected 

in plasma and blood cells (platelets, erythrocytes and nucleated blood cells) 
[55, 79, 80]. Their occurrence in plasma or serum maybe the result of cell death 
inside a tissue, or secretion by certain cells in response to a stimulus [81, 82]. 
However, the origin of these miRNAs is not completely determined. In 
addition, they can also be secreted in a free form by some other mechanisms 
[82, 79]. For example, food-derived plant miRNAs may pass through the 
gastrointestinal (GI) tract, enter into the plasma and serum and interact with 
mammalian endogenous RNAs and regulate their expression [83, 84]. 
Furthermore, miRNAs are stable and resistant to pH variations, long-term 
storage at room temperature, and repeated freeze–thaw cycles both in serum 
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and plasma samples [55, 85, 81]. It is assumed that the stability of circulating 
miRNAs and their high resistance to degradation by blood nucleases is due to 
miRNA complexes with various proteins, such as Ago2, lipoproteins, 
exosomes and other microparticles in blood (Fig. 2.6). 

Since the discovery of circulating miRNAs in body fluids, an increasing 
number of studies have focused on their potential as non-invasive biomarkers 
for many diseases, particularly for cancers [55, 86]. Review by Schwarzen-
bach et al. summarizes clinical relevance of circulating miRNAs and provides 
lists of cell-free miRNAs that can be used as prognostic and predictive 
biomarkers in cancer and discusses their utility in personalized medicine.  
For example, hsa-miR-20a, hsa-miR-24, hsa-miR-25, hsa-miR-145,  
hsa-miR-152, hsa-miR-199-5p, hsa-miR-221, hsa-miR-222, hsa-miR-223, 
hsa-miR-320 circulating in serum or plasma may be used as non-invasive 
biomarkers for the detection of lung cancer, hsa-miR-200b for breast 
cancer,hsa-miR-375, hsa-miR-141, hsa-miR-378*, hsa-miR-409-3p for 
prostate cancer and so on [85].  

 

 
Fig. 2.6. Putative sources of circulating miRNAs.  

HDL – high-density lipoprotein [82]. 
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2.2.7. Circulating miRNAs in gastric cancer 
Studies indicate that there are less prognostic miRNA biomarkers in 

blood compared to tissue of GC patients [86]. Two possible reasons have been 
proposed: first, there are more studies investigating miRNAs in gastric 
tissues; second, miRNAs are selectively released into blood. Furthermore, 
studies indicate that circulating miRNAs are not GC phenotype specific, i.e. 
miRNAs in blood significantly correlate with no more than two clinicopatho-
logical features, whereas miRNAs in tissues are associated with more 
features. For example, Liu et at al. identified five miRNAs (hsa-miR-1,  
hsa-miR-20a, hsa-miR-27a, hsa-miR-34, hsa-miR-423-5p) as biomarkers for 
GC detection and the expression level of these miRNAs correlated with tumor 
stage [87]. However, miRNAs in blood and tissues of GC patients are 
associated with survival, i.e. most of the miRNAs with high expression level 
were detected in the poor survival groups of GC patients. For example, study 
by Zhu et al. identified and validated five differentially expressed miRNAs 
(hsa-miR-16, hsa-miR-25, hsa-miR-92a, hsa-miR-451 and hsa-miR-486-5p) 
in plasma of patients diagnosed with gastric non-cardia adenocarcinoma 
(GNCA). More importantly, these five miRNAs showed high diagnostic 
performance in the group of patients with early-stage of GNCA [88]. 
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3. MATERIALS AND METHODS 

3.1. Ethics statement 

The study was approved by the Kaunas Regional Biomedical Research 
Ethics Committee (Protocol No BE-2-10). Written informed consent was 
obtained from all study participants. 

For Study I, patients and controls were recruited during the years 2005–
2013 at three gastroenterology centers in Germany (Department of Gastroen-
terology, Hepatology and Infectious Diseases, Otto-von-Guericke University, 
Magdeburg), Lithuania (Department of Gastroenterology, Lithuanian Univer-
sity of Health Sciences, Kaunas) and Latvia (Riga East University Hospital and 
Digestive Diseases Centre GASTRO, Riga). Controls were patients from the 
out-patient departments, who were referred for upper endoscopy because of 
dyspeptic symptoms and had no history of previous malignancy. GC patients 
had histological verification of gastric adenocarcinoma and were recruited from 
out-patient and stationary departments. 

For study II patients and controls were included during the years 2007–
2015 at Department of Gastroenterology and Department of Surgery, Lithua-
nian University of Health Sciences (Kaunas, Lithuania). Control group consis-
ted of patients who had no history of previous malignancy. All patients had 
histological verification of diagnosis. All patients signed an informed consent 
form to participate in the study. 

3.2. Major reagents 

TaqMan MiRNA Reverse Transcription Kit and miRNA-specific RT 
stem-loop primers, High Capacity Reverse Transcription Kit, TaqMan 
MiRNAs Assay, TaqMan® Low Density Array Card, TaqMan Universal PCR 
Master Mix, inhibitor hsa-miR-20b-5p and mimics hsa-miR-451a-5p and hsa-
miR-1468-5p and nonspecific control (NC) were purchased from Thermo 
Fisher Scientific (former Applied Biosystems). 

The miRNeasy Micro Kit, RNease Mini Kit, RNease Micro Kit, 
miRNeasy Serum/ Plasma Kit were purchased from Qiagen (USA). 

ELISA kit to detect the serum-specific IgG antigen was purchased from 
Virion/Serion GmbH (Germany). 

RNAlater, mirVana miRNA Isolation Kit was purchased from Thermo 
Fisher Scientific (former Ambion, Austin (USA)). 

Human gastric carcinoma cell line AGS (CRL-1739™) was obtained from 
American Cell Bank (ATCCTM), GC cell line MKN-28 was provided by 

https://www.lgcstandards-atcc.org/Products/All/CRL-1739.aspx
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Alexander Link (from Department of Gastroenterology, Hepatology and 
Infectious Diseases, Otto-von-Guericke University (Magdeburg, Germany). 

Fetal bovine serum, Hams’s F-12K (Kaighn’s) medium, penicillin and 
streptomycin (5,000 U/ml) were purchased from Gibco™ by Life Techno-
logies (USA). Lipofectamine 3000 were purchased from Thermo Fisher 
Scientific (former Invitrogen (USA)). Trypsin and phosphate-buffered saline 
(PBS) were purchased from Sigma-Aldrich (USA). 

3.3. Study I 

3.3.1. Study design and patients samples 
The aim of Study I was to evaluate associations between miRNA target-

genes IL12B, INSR, CCND1 and IL10 polymorphisms and GC in European 
population. In total, 982 individuals were included in this study (508 controls 
and 474 GC). There were 206 subjects from Germany (104 controls and 102 
GC), 285 subjects from Latvia (146 controls and 139 GC) and 491 subjects 
from Lithuania (258 controls and 233 GC). All patients were of European 
descent. Clinical characteristic and detailed description of patients is presented 
in the article “Polymorphisms of microRNA target-genes IL12B, INSR, CCND1 
and IL10 in gastric cancer”. 

3.3.2. DNA extraction, selection of putative miRNA target-gene 
single nucleotide polymorphisms and genotyping 
Genomic DNA was extracted using salting out method from peripheral 

blood mononuclear cells [89]. In order to select the candidate SNPs falling 
within 3’-UTR of genes, which are putative targets of frequently deregulated 
miRNAs in GC, the mirsnpscore database was used (http://www.bigr.medisin. 
ntnu.no/mirsnpscore). Using this bioinformatic approach we selected four 
genes: IL12B (rs1368439), INSR (rs1051690), CCND1 (rs7177) and IL10 
(rs3024498) that have potential target sites of hsa-miR-27, hsa-miR-146a, hsa-
miR-223 and hsa-miR-107. IL12B T>G (rs1368439), INSR T>C (rs1051690), 
CCND1 A>C (rs7177) and IL10 T>C (rs3024498) SNPs were genotyped using 
TaqMan® genotyping method. A detailed description is presented in the 
publication “Polymorphisms of microRNA target-genes IL12B, INSR, CCND1 
and IL10 in gastric cancer”. 
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3.4. Study II 

3.4.1. Study design 
First (Part I), miRNA profile was determined in GC tissues compared to 

the normal healthy gastric mucosa. Later, expression level of selected miRNAs 
was validated in GC tissue and plasma samples of GC patients and healthy 
controls. 

Second (Part II), miRNA profile was determined in AG and GC tissue 
compared to the normal healthy gastric mucosa. In replication analysis we 
validated profiling results, see Table 3.1. 

Table 3.1. Design of study II 

Design of Study II Type of 
tissue 

Number of 
samples 

Number of 
miRNA review Used method 

 
 

Part I 

Profiling 
cohort 

Mucosa of 
stomach 

GC, n = 13 
HC, n = 12 377 qRT-PCR with TLDA 

card A 
Validation 

cohort 
Mucosa of 
stomach 

 
GC, n = 38 
HC, n = 39 

6  
qRT-PCR with 
TaqMan assay Plasma 4 

 
 
 

Part II 

Profiling 
cohort 

Mucosa of 
stomach 

GC, n = 20 
AG, n = 18 
HC, n = 26 

 
2,180 

 
Small RNA-seq 

Validation 
cohort 

Mucosa of 
stomach 

GC, n = 39 
AG, n = 40 
HC, n = 40 

 
21 

qRT-PCR with custom 
TLDA 

GC – gastric cancer, AG – atrophic gastritis HC – healthy control, TLDA – TaqMan low 
density array. 
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3.4.2. Study population of part I of study II  
The study included a total of 51 control subjects and 51 GC patients, who 

were divided into the profiling (GC, n = 13; controls, n = 12) and validation 
cohorts (GC, n = 38; controls, n = 39). Gastric tissues (obtained during 
endoscopic or surgical procedures) and plasma samples were collected from 
healthy patients and patients with GC. Detailed description of study population 
used for this part of the study is presented in the article “Analysis of Deregu-
lated microRNAs and Their Target-genes in Gastric Cancer”. 

3.4.3. Study population of part II of study II  
The study included a total of 59 control subjects, 58 AG patients and 66 

GC patients, which were divided into the profiling (GC, n = 20; AG, n = 18 and 
controls, n = 26) and validation (GC, n = 39; AG, n = 40 and controls, n = 40) 
cohorts. Clinical and pathological characteristics of the patient cohorts 
including age, gender and disease stage are summarized in Table 3.2. Profiling 
analysis was performed using next-generation sequencing and validation 
analysis was carried out using custom RT-qPCR with TLDA custom card of 
selected miRNAs in the larger cohort. 
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Table 3.2. Clinical characteristics of the gastric cancer and atrophic gastritis patients and healthy controls.  
 Profiling cobort (n = 64) Validation cohort (n = 119) 

p-value Gastric 
cancer 
(n = 20) 

Atrophic 
gastritis  
(n = 18) 

Healthy 
control 
(n = 26) 

Gastric 
cancer  
(n = 39) 

Atrophic 
gastritis 
(n=40) 

Healthy 
control 
(n=40) 

Age Mean± 65 ± 10.9 68.9 ± 8.9 60.9 ± 15 70.5 ± 10.8 63.3 ± 11.7 57 ± 16.5  
Gender Male, n (%) 15 (75) 3 (16.7) 7 (26.9) 24 (61.5) 16 (40) 10 (25) 

> 0.05* 
Female, n (%) 5 (25) 15 (83.3) 19(73.1) 15 (38.5) 24 (60) 30 (75) 

Lauren 
classification 

Diffuse, n (%) 10 (50)   15 (38.5)   > 0.05* 
Intestinal, n (%) 10 (50)   24 (61.5)    
Mixed, n (%) 0   0    
Unknown, n (%) 0   0    

H. pylori 
infection 

Positive, n (%) 9 (45) 7 (38.9) 11 (42.3) 24 (61.5) 29 (72.5) 20 (50) >0.05 [GC] 
[Con] 

0.02 [AG]* 
Negative, n (%) 6 (30) 11 (61.1) 15 (57.7) 9 (23) 11 (27.5) 18 (45) 
Unknown, n (%) 5 (25) 0 0 6 (15.4) 0 2 (5) 

Tumor 
localization 

Cardia, n (%) 2 (10)   6 (15.4)   

>0.05* 
Corpus, n (%) 9 (45)   22 (56.4)   
Antrum, n (%) 9 (45)   8 (20.5)   
Linitis plastica, n (%) 0   3 (7.7)   

TNM staging I, n (%) 6 (30)   7 (18.0)   

0.02* 
II, n (%) 2 (10)   11 (28.2)   
III, n (%) 10 (50)   7 (17.9)   
IV, n (%) 2 (10)   12 (30.8)   
Unknown, n (%)    2 (5.1)   
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Table 3.2. Continued  
 Profiling cobort (n = 64) Validation cohort (n = 119) 

p-value Gastric 
cancer 
(n = 20) 

Atrophic 
gastritis  
(n = 18) 

Healthy 
control 
(n = 26) 

Gastric 
cancer  
(n = 39) 

Atrophic 
gastritis 
(n=40) 

Healthy 
control 
(n=40) 

T 1/2 8 (40)   12 (30.8)   

> 0.05* 
3 7 (35)   12 (30.8)   
4 5 (25)   13 (33.3)   
Unknown, n (%) 0   2 (5.1)   

N 0 9 (945)   14 (35.9)   

> 0.05* 
1 3 (15)   12 (30.8)   
2 3 (15)   6 (15.4)   
3 5 (25)   5 (12.8)   
Unknown, n (%) 0   2 (5.1)   

M 0 14 (70)   14 (35.9)   
0.05 * 1 2 (10)   12 (30.8)   

Unknown, n (%) 4 (20)   13 (33.3)   
Differentiation 
grade 

1/2 10 (50)   12 (30.8)   > 0.05* 
3 10 (50)   21 (53.8)   
Unknown, n (%) 0   6 (15.4)   

* – p value meaning is calculated compared profiling and validation cohort in each group (GC to GC; AG to AG and HC to HC groups).  
p > 0.05 means that groups are not statistically different, (Mann-Whitney test).

JBelena
Text Box
31
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3.4.4. Tissue sample preparation and RNA extraction 
Gastric biopsy samples were obtained from antral part of the stomach from 

control subjects who were referred for upper GI endoscopy due to dyspeptic 
symptoms and had no previous history of malignancy. GC tissue specimens 
were obtained from surgical specimens immediately after resection from 
patients undergoing primary surgery for GC with no preoperative irradiation 
and chemotherapy. Gastric adenocarcinoma in GC patients was verified by 
histology and classified according to Lauren into diffuse and intestinal types 
[25]. H. pylori status was assessed in GC, AG and control subjects using 
indirect ELISA to detect the serum-specific IgG antigen. Gastric tissue samples 
were stored in RNAlater for +4°C and 24 hours and later stored at 80°C. 30 mg 
of tissue was homogenized in sterile conditions before total RNA isolation with 
mirVana miRNA Isolation Kit for profiling study (part I of study II) and 
miRNeasy Mini Kit for profiling study (part II of study II) and validation 
studies (part I of study II and part II of study II), according to the manufacturers’ 
instruction. The quality and quantity of RNA was assessed using the Nanodrop 
2000 spectrophotometer (Thermo Scientific, USA).  

3.4.5. Plasma sample preparation and RNA extraction 
Plasma samples were collected from healthy patients and patients with GC. 

MiRNA profiling (part I of study II) was carried out using plasma samples from 
38 GC patients and 39 healthy volunteers. Venous blood was collected in 
EDTA anticoagulation vacuum tubes and was centrifuged at 3500 rpm for 15 
min at room temperature; separated plasma was transferred into 1.5 ml tubes 
and placed in a −80°C freezer for short-term storage. Small RNAs were 
extracted from 200 μl of plasma using the miRNeasy Serum/ Plasma Kit 
according to the manufacturers’ instruction. 

3.4.6. MicroRNA profiling using the TaqMan  
Low Density Array card A 
MiRNA profiling (part I of study II) in GC tissue compared to normal 

gastric tissue was carried out using TLDA card A which enabled to quantify 
374 miRNAs. Complementary DNA (cDNA) was reverse transcribed from 
total RNA samples using MegaplexTM pool. More details are presented in 
publication “Analysis of Deregulated microRNAs and Their Target Genes in 
Gastric Cancer”. 
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3.4.7. MicroRNA validation using the custom TaqMan  
Low Density Array 
Validation of miRNA expression profiles (part II of study II) was perfor-

med in GC, AG and normal tissue using TLDA custom card which enabled to 
quantify 24 selected miRNAs. In short, 600 ng of total RNA was initially 
reverse transcribed using Custom RT pool (G1406). 0.88 μl of cDNA, 49.9 μl 
of TaqMan® Universal Master Mix II, No AmpErase UNG (2X) and 49.1 μl 
nuclease free water was loaded per port on 8-port TLDA card and run on ViiA 
7 Real-time PCR System (Applied Biosystems) following the standard pro-
tocol. All GC and AG tissue samples were randomized and placed with healthy 
tissue controls on the same TLDA card. The expression level of miRNAs in 
tissue was normalized to the mean expression values of hsa-miR-16-5p. 

3.4.8. Quantitative real-time polymerase chain reaction  
with TaqMan assay 
TaqMan® miRNA assays were used to quantify tissue-validated miRNAs 

in tissue and plasma samples (part I of study II). Reverse transcription was 
performed using TaqMan® MiRNA Reverse Transcription Kit and miRNA-
specific RT stem-loop primers. Singleplex qPCR reactions were scaled down 
to 7.5 μl and performed according to the manufacturer's instructions. Each 
sample was run in duplicate. The expression level of miRNAs in tissue and 
plasma was normalized to the mean expression values of hsa-miR-127 and hsa-
miR-16-5p, respectively [90,91].  

3.4.9. Preparation of small RNA libraries and next generation 
sequencing 
Small RNA libraries were prepared using TruSeq Small RNA Sample 

Preparation Kit (Illumina) according to the manufacturer's protocol with 1μg 
RNA input per sample followed by RNA 3' adapter ligation, RNA 5' adapter 
ligation, cDNA synthesis, PCR amplification using unique barcode sequences 
for each sample and gel size-selection of small RNA library. The yield of 
sequencing libraries was assessed using the Agilent 2100 Bioanalyzer (Agilent 
Technologies). Small RNA libraries were pooled with 6 samples per lane for 
plasma and 24 samples per lane for tissue samples and sequenced on 
HiSeq2500 (Illumina) next-generation sequencing platform. 
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3.4.10. Small RNA-seq data and statistical analysis  
Statistical analysis of study II part I is presented in publication “Analysis 

of Deregulated microRNAs and Their Target Genes in Gastric Cancer”. In 
study II part II in profiling cohort several filtering steps were performed after 
obtaining and multiplexing the raw reads. At first, cutadapt was used to trim 
low-quality ends of the reads with Phred quality score value (Q) > 30 and to 
remove 3' adapter (5’-TGGAATTCTCGGGTGCCAAGG-3’) sequences from 
the reads. The trimmed sequences shorter than 17 bp were discarded. Second, 
in order to reduce computational time the reads with exact sequences were 
collapsed while saving the information about the read counts. Third, the 
collapsed reads which mapped to viral genome (RefSeq) [92], human tRNAs, 
rRNAs, snRNAs, sRNAs (Rfam) [93] and non-human miRNA precursors 
(miRBase v20) [94] were filtered using BLASTN v2.2.30 [95]. The mature 
miRNA quantification in filtered reads were performed using the quantifier.pl 
module from miRDeep2 v2.0.0.7 software [96], with default parameters using 
mature miRNA sequences as reference (miRBase v20). Differential expression 
analyses of the size factor normalized counts of mature miRNAs between 
samples were performed by use of negative binomial generalized linear models 
implemented DESeq2 package [97]. The p-values resulting from Wald tests 
[98] were corrected for multiple testing using the false discovery rate (FDR) 
proposed by Benjamini and Hochberg [99]. The mature miRNAs with a 
corrected p < 0.01, and fold change > 2 were considered to be significantly 
differentially expressed. Power of the miRNA-seq study was 80% in GC group 
and 99% in AG group (Fig. 3.1). 
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Fig. 3.1. Power of miRNA-seq study in gastric cancer (A) and in  

atrophic gastritis (B). Effect size, when: (i) fold change = 2 (p < 0.01) 
showed in red, (ii) fold change = 3 (p < 0.01) showed in blue, 

(iii) fold change = 4 (p < 0.01) showed in green. 

The differentially expressed miRNAs were selected for validation study in 
the following steps: (i) differentially expressed miRNAs in tissue were filtered 
based on their expression level in plasma (read count sum of miRNAs present 
in plasma samples > 5); (ii) in order to show similarities in miRNA expression 
between GC and AG conditions, overlapping differentially expressed miRNAs 
in both conditions were selected when compared to HC; (iii) top differentially 
expressed miRNAs (lowest FDR adjusted p-value and highest fold change 
value) were chosen for both GC and AG conditions in order to select the most 
informative and condition-specific miRNAs. 

In order to evaluate the prediction performance of GC and AG miRNA 
expression profiles in plasma, radial support vector machine (SVM) and 
logistic regression models were built. The samples containing normalized 
miRNA expression data were used to construct the model. The tuning parame-
ters thereby were trained using 10-fold cross-validation. For model testing the 
samples were randomly split into two sets at 5:3 ratio and the smaller partition 
was used to evaluate models prediction performances. The classifiers’ perfor-
mances were measured by the area under the receiver operating characteristic 
(ROC) curve, sensitivity (SN) and specificity (SP). The statistical prediction 
analysis was performed using caret [100] and ROCR [101] packages. 
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3.5. Study III 

3.5.1. Study design 
First, we performed hsa-miR-20b-5p, hsa-miR-451a-5p and hsa-miR-

1468-5p expression analysis in GC cells (AGS and MKN-28) compared to 
normal tissue. Second, putative target-genes of these miRNAs were selected 
using mathematics algorisms in “R” package. Third, GC cells transfection with 
inhibitor of hsa-miR-20b-5p and mimics hsa-miR-451a-5p and hsa-miR-1468-
5p was performed using Lipofectamine 3000. Finally, putative target-gene 
expression was performed 24 h and 48 h after transfection using qRT-PCR.  

3.5.2. Evaluation of miRNAs target-genes 
MiRNAs target-genes were evaluated using mathematical algorithms in 

“R” package (RStudio Desktop v. 1.0.143) software. First, DisGenet data base 
was used to determine GC associated genes. Second, DIANA-microT-CDS, 
ElMMo, MicroCosm, miRanda, miRDB, PicTar, PITA and TargetScan 
mathematical prediction tools were used for hsa-miR-20b-5p, hsa-miR-451a-
5p, hsa-miR-1468-5p potential target-genes analysis. Next, depending on 
information in miRecords, miRTarBase and TarBase target-genes, which were 
already validated in other studies, were rejected. Finally, target-genes were 
filtrated according their function in oncogenesis (oncosupressor or protoon-
cogene) and literature analysis was performed. 

3.5.3. Cell culture conditions 
The AGS and MKN-28 cells were cultured in Ham’s F-12K medium 

containing 10% fetal bovine serum, 1% penicillin-streptomycin solution and 
incubated at 37 °C, 5% CO2 and saturated humidity. Cell growth was observed 
under an inverted microscope. When cell growth reached 70% to 80% con-
fluence, the cells were digested with 0.25% trypsin and passaged. The culture 
medium was changed every other day, and the cells were passaged every 3 to 
4 days. Cells in the logarithmic growth phase were collected for experiments. 

3.5.4. MiRNA genes expression analysis in gastric cancer cells 
Total RNA from gastric cells AGS (n = 7) and MKN-28 (n = 7) and normal 

gastric tissue (n = 11) was extracted using miRNeasy Micro Kit in accordance 
with manufacturer’s recommendations. Complementary DNA was reverse 
transcribed from total RNA samples using TaqMan miRNA assays hsa-miR-
20b (001014), hsa-miR-451a (001141), hsa-miR-1468 (121107_mat) and hsa-
miR-16 (000391) as endogenous control. The resulting cDNA was subsquently 
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amplified by PCR using TaqMan assay and Universal Master Mix according 
to the manufacturer's recommendations using a qRT-PCR System ABI 7500 
Fast (Applied biosystem, USA). 

3.5.5. Gastric cancer cells transfection 
GC cells (AGS and MKN-28) were seeded into twenty-four-well culture 

plates at a concentration of 40,000 cells/well. The volume in each well was 
500 μl. Once the cells adhered, they were transfected with the inhibitor of hsa-
miR-20b-5p, mimics of hsa-miR-451a-5p and hsa-miR-1468-5p, and 
nonspecific control (NC) according to the Lipofectamine 3000 transfection 
manual. Mimic positive control (PC) (hsa-miR-1) and inhibitor PC (hsa-anti-
let-7c) were used to optimize transfection experiments. Transfection procedure 
was performed three times with different passages of GC cells. 

3.5.6. MiRNA putative gene expression analysis  
in gastric cancer cells 
Total RNA was extracted from transfected cells (AGS and MKN-28) using 

the RNease Micro Kit and reverse transcription was performed from 1 µg of 
total RNA in 20 µl reaction using High-Capacity Reverse Transcription Kit in 
accordance to manufacturer’s recommendations. The mRNA expression levels 
of the putative target-genes EREG, FAT4, IRF1, TXNIP, PTEN for hsa-miR-
20b; CAV1 and ADAM28 for hsa-miR-451a; TNFα, DNMT1 and CITED2 for 
hsa-miR-1468 were assessed by quantitative RT-PCR 24 h and 48 h after 
transfection, using TaqMan Gene Expression assays. Two technical replicates 
were made for each gene assay and reaction was performed on ABI 7500 Fast 
Real-Time PCR system (Applied Biosystems, USA). Relative fold mRNA 
levels were determined using the 2−ΔΔCt method, with ACTB as an internal 
control. 

3.5.7. Statistics 
The data are expressed as the mean dCt of three independent experiments 

and processed by GraphPad Prism software (GraphPad Software Inc., San 
Diego, USA). The Mann Whitney U-test were used to distinguish differences 
between groups. A P value of < 0.05 was considered statistically significant. 
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4. RESULTS 

4.1. Study I 

Similar distribution of genotype and allele frequencies was observed 
between GC patients and controls for all polymorphisms under study (IL12B 
(rs1368439), CCND1 (rs7177) and IL10 (rs3024498)) except for INSR SNP 
(rs1051690). The frequency of the rare allele T of INSR gene was significantly 
higher in GC patients than in controls (23.26% and 19.19% respectively, 
P=0.028). CT genotype was also more prevalent in patients compared to cont-
rol group (38.48% and 30.12% respectively, p < 0.021). Logistic regression 
analysis revealed that only one polymorphism (rs1051690 in INSR gene) was 
associated with increased risk of GC. Carriers of CT genotype had higher odds 
of GC when compared to CC genotype (OR – 1.45, 95% PI 1.08 – 1.95, P = 
0.01). Similar association was observed in a dominant model for INSR gene, 
where combination of TT+CT genotypes showed an increased risk for GC 
(OR – 1.44, 95% PI 1.08 – 1.90, P = 0.01). Other analyzed SNPs were not 
associated with the presence of GC. A detailed description of the study results 
is presented in the article “Polymorphisms of microRNA target genes IL12B, 
INSR, CCND1 and IL10 in gastric cancer” 

4.2. Study II, Part I 

4.2.1. MiRNA expression profiling of GC and healthy gastric  
mucosa tissue by Taq-Man low-density array  
Tissue miRNA profiles from GC patients were compared with profiles of 

gastric mucosa from healthy individuals and 15 differentially expressed 
miRNAs were identified, 7 of which were up-regulated and 8 were down-regu-
lated with FDR adjusted p-value < 0.01 and fold change > 2. Among these, 6 
miRNAs (hsa-miR-135a-5p, hsa-miR-148a-3p, hsa-miR- 204-5p, hsa-miR-
375, hsa-miR-223-3p and hsa-miR-155-5p), showing the highest significance 
and fold change values, were selected for the validation study. A detailed 
description of the study results is presented in the article “Analysis of 
Deregulated microRNAs and Their Target Genes in Gastric Cancer”. 
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4.2.2. MiRNA validation in gastric cancer and healthy gastric 
mucosa tissue with quantitative real-time polymerase chain 
reaction 
The six candidate miRNAs selected for verification were quantified 

using qRT-PCR. The expression levels of hsa-miR-148a-3p, hsa-miR-204-
5p, hsa-miR-223-3p and hsa-miR-375 in GC tissue showed significant differ-
rential expression in the same direction as in the discovery study (FDR 
adjusted p < 0.05). A detailed description is presented in the article “Analysis 
of Deregulated microRNAs and Their Target Genes in Gastric Cancer”. 

4.2.3. Plasma miRNAs as potential biomarkers for gastric cancer 
In GC tissue validated hsa-miR-148a-3p, hsa-miR-204-5p, hsa-miR-223-

3p and hsa-miR-375 were further analyzed in plasma samples. The relative 
levels of the candidate miRNAs in individual samples were determined using 
qRT-PCR. The hsa-miR-16-5p was used as the endogenous control to 
normalize the expression levels of candidate miRNAs. The expression levels 
of hsa-miR-148a-3p and hsa-miR-375 showed significant down-regulation in 
GC plasma; while hsa-miR-223-3p was significantly up-regulated (FDR 
adjusted p < 0.05). No significant differences were detected in the expression 
levels of hsa-miR-204-5p. A detailed description is presented in the article 
“Analysis of Deregulated microRNAs and Their Target Genes in Gastric 
Cancer”. 

4.3. Study II, part II 

4.3.1. Global overview of miRNA transcriptome 
Small RNA-seq of normal stomach tissue, AG and GC tissue samples 

yielded ~ 271M raw sequencing reads (from ~417K to ~29.5M reads/sample). 
Pre-filtering and filtering steps retained 50.4% (~137M) of initial raw reads. 
The majority of filtered reads were of 20–23 nt length which corresponds to the 
range of mature miRNA sequences. Quantification of filtered reads and 
identification of known miRNAs have yielded ~56.5M sequences to be mapped 
to 1,661 known miRNAs from miRBase v20.  
  



40 
 

4.3.2. MiRNA expression profiling of gastric cancer,  
atrophic gastritis and healthy gastric mucosa by small RNA-seq 
The similarity structure of the tissue miRNA transcriptomes among GC, 

GCadj, AG and HC was identified by a multidimensional scaling (MDS) 
analysis using Spearman's correlation distance (1-correlation coefficient). In 
the picture we can see four different groups, and it is interesting that GCadj and 
HC show miRNA expression profile similarity (Fig. 4.1). 
 

 
Fig. 4.1. Similarity structure of miRNA transcriptome generated by next 

generation sequencing. Multidimensional scaling plot showing four clusters 
corresponding to tissue of gastric cancer (GC), gastric cancer adjacent (GC 

adj), atrophic gastritis (AG) and normal mucosa (healthy control (HC)). 
The analysis was performed on normalized miRNA count data using 

Spearman's correlation distance (1-correlation coefficient). 

For identification of differentially expressed miRNAs among cancerous, 
precancerous and healthy gastric mucosa tissue specimens, the comparative 
analysis of normalized small RNA-seq expression data was performed. 
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110 differentially expressed miRNAs were identified in GC group compa-
red to HC group, 72 of which were up-regulated and 38 were down-regulated. 
Whereas, 32 differentially expressed miRNAs were identified in GCadj group 
compared to HC group, 25 of which were up-regulated and 7 were down-regu-
lated. It confirms similarity among GC adjacent tissue and healthy tissue. Only 
17 differentially expressed miRNAs were identified in AG compared to HC, 
11 of which were down-regulated and 6 were up-regulated. Comparison of the 
miRNA expression profiles between GC and AG identified 76 differentially 
expressed miRNAs, 54 of which were up-regulated and 22 were down-regu-
lated. 

To further determine miRNAs that could be used as a signature for GC and 
AG prediction, 21 miRNAs present in plasma (sum of read counts > 5) were 
selected for validation study, see Table 5 in supplement. Hsa-miR-16, U6 and 
ath-miR-159a were selected as endogenous controls. 

4.3.3. Verification of specific miRNA expression profile  
in gastric cancerous and precancerous tissues using TaqMan  
Low Density Array 
Taq-Man low-density array (TLDA) custom card analysis was used to 

measure expression levels of the 21 selected miRNAs in gastric tissue of 
independent cohort, which consisted of 119 samples (GC = 39; AG = 40; 
HC = 40). Two-class differential expression analyses were applied on 
continuous expression data which was normalized to the expression value of 
hsa-miR-16, U6 and ath-miR-159a. 

The expression levels of 8 out of 21 miRNAs in GC and 2 out of 21 
miRNA in AG compared to normal tissue showed significant differential 
expression (with FDR adjusted p < 0.01 and fold change > 2.0) to the same 
direction as in profiling study, as shown in Table 4.1. It shows only slight 
change of miRNAs expression level in precancerous condition of stomach. The 
expression level of 5 out of 21 miRNAs was statistically different in GC 
compared to AG, as showed in Table 4.1. 
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Table 4.1. List of deregulated miRNAs determined by custom TLDA between 
gastric cancer (GC) (n = 39), atrophic gastritis (AG) (n = 40) and healthy 
control (HC) (n = 40) tissues (FDR adjusted (adj.) p < 0.01 and fold change 
(FC) > 2).  

Genes 

Direction 
of 

expres- 
sion 

GC vs HC AG vs HC GC vs AG 

Fold 
change 

Adj. 
p value 

Fold 
change 

Adj. 
p value 

Fold 
change 

Adj. p-
value 

hsa-miR-204-5p down 8.29 6.6 × 10-12 2.23 1.5 × 10-6 3.71 1 × 10-4 
hsa-miR-148a-5p down 3.24 3.1 × 10-7 

  
2.92 7.1 × 10-6 

hsa-miR-375 down 3.07 2.9 × 10-8 
    

hsa-miR-142-3p up 2.94 4.6 × 10-12 
    

hsa-miR-223-3p up 3.58 1.1 × 10-12 
  

2.54 2 × 10-9 
hsa-miR-215-5p up 4.41 3.3 × 10-7 7.19 2.9 × 10-9 

  

hsa-miR-224-5p up 5.04 5.7 × 10-8 
  

3.10 4.4 × 10-4 
hsa-miR-335-3p up 5.77 4.6 × 10-12 

  
5.12 1.8 × 10-10 

4.4. Study III 

4.4.1. The expression analysis of hsa-miR-20b-5p, hsa-miR-451-5p 
and hsa-miR-1468-5p in GC cell lines AGS and MKN-28 
Expression of hsa-miR-20b-5p was upregulated (p < 0.01) in GC cells 

AGS and MKN-28, compared to normal gastric tissue, while expression of hsa-
miR-451-5p and hsa-miR-1468-5p was downregulated (p < 0.01), compared 
to normal gastric tissue, Fig. 4.3.  
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Fig. 4.3. The expression analysis of hsa-miR-20b-5p, hsa-miR-451-5p  

and hsa-miR-1468-5p in GC cells (AGS and MKN-28)  
(normalized delta Ct (dCt) value are showed in logarithmic scale). 

4.4.2. The prediction analysis of hsa-miR-20b, hsa-miR-451a,  
hsa-miR-1468 target-genes 
After the analysis of the most commonly used miRNA gene-target 

prediction databases and literature, five putative target-genes were selected for 
hsa-miR-20b, two for hsa-miR-451a and three for hsa-miR-1468, see Table 4.2. 
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Table 4.2. Putative target-genes of hsa-miR-20b, hsa-miR-451a and hsa-miR-
1468. 

Mature_mirna_ID Genes function Putative target-genes 
hsa-miR-20b-5p Proto-oncogen EREG, FAT4, IRF1, TXNIP, PTEN 
hsa-miR-451a-5p Onco-suppressor CAV1, ADAM28 
hsa-miR-1468-5p Onco-suppressor TNFα, DNMT1, CITED2 

4.4.3. The expression analysis of miRNA mimic and  
inhibitor positive controls target-genes  
MiRNA mimic and inhibitor positive controls were used for optimization 

of transfection (for functionally effective miRNA concentration and incubation 
time after transfection). 24 h after transfection with mimic positive control (hsa-
miR-1), TWF1 gene expression level decreased on average by 1.47 times (p < 
0.01) and by 1.82 times (P = 0.034) in AGS and MKN-28 cell lines, respec-
tively. 48 h after transfection TWF1 gene expression decreased on average by 
1.81 times (P = 0.021) and by 2.41 times (p < 0.01) in AGS and MKN-28 cells, 
respectively (Fig. 4.4.1, 4.4.2).  

24 h after transfection with inhibitor positive control (hsa-anti-let-7c), 
HMGA2 gene expression level increased on average by 6.27 times (p < 0.01) 
and by 5.80 times (p < 0.01) in AGS and MKN-28 cell lines, respectively. 48 h 
after transfection, HMGA2 gene expression increased on average by 5.19 times 
(p < 0.01) and by 4.46 times (p < 0.01) in AGS and MKN-28 cells, respectively.  

4.4.4. The expression analysis of putative target-genes of  
hsa-miR-20b-5p in gastric cancer cells AGS and MKN-28 
The results of our study indicated that the expression of hsa-miR-20b-5p 

putative target-gene IRF1 increased on average by 1.38 times (p < 0.01) and 
1.43 times (p < 0.01) in AGS and MKN-28 cell lines, respectively, 24 h after 
transfection with inhibitor hsa-miR-20b-5p. 48 h after transfection the expres-
sion of target-gene IRF1 was significantly increased on average by 1.4 times (p 
< 0.01) only in AGS compared to cells transfected with inhibitor negative 
control. 

The expression of putative target-gene PTEN increased on average by 1.25 
times (P = 0.021) and by 1.87 times (p < 0.01) in gastric cell lines AGS and 
MKN-28, respectively, 24 h after transfection with inhibitor of hsa-miR-20b-
5p, compared to cells transfected with negative control of inhibitor (let-7c). 
There were no significant differences in expression levels of putative target-
gene PTEN 48 h after transfection in GC cells AGS and MKN-28.  
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Expression of TXNIP increased on average by 1.65 times (P = 0.046) and 
by 1.7 times (p < 0.01) in AGS and MKN-28 cell lines, respectively, 24 h after 
transfection with inhibitor of hsa-miR-20b-5p, while 48 h after transfection 
expression of TXNIP remained increased by 1.63 times (p < 0.01) and by 1.80 
(p < 0.01) in AGS and MKN-28 cell lines, respectively. Differences in expres-
sion of putative target-genes EREG and FAT4 after transfection with inhibitor 
of hsa-miR-20b-5p were not significant (Fig. 4.4.1, 4.4.2). 
 

 
Fig. 4.4.1. The expression levels of putative target-genes 24 h and 48 h after 

transfection with inhibitor and mimics in GC cell line AGS. The boxplots 
show the gene expression levels of IRF1, PTEN, TXNIP, EREG, FAT4 after 
transfection with inhibitor hsa-miR-20b-5p; Expression levels of putative 
target-genes CAV1 and ADAM28 after transfection with mimic hsa-miR-
451a-5p; Expression levels of putative target-genes TNFα, DNMT1 and 

CITED2 after transfection with mimic hsa-miR-1468-5p. HMGA2 was used 
as positive control for gene expression and as target of hsa-let-7c.  

TWF1 was used as positive control for gene expression and as target  
of hsa-miR-1-3p. 
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Fig. 4.4.2. The expression levels of putative target-genes 24 h and 48 h  
after transfection with inhibitor and mimics in GC cell line MKN-28.  
The boxplots show the gene expression levels of IRF1, PTEN, TXNIP, 

EREG, FAT4 after transfection with inhibitor hsa-miR-20b-5p; Expression 
levels of putative target-genes CAV1 and ADAM28 after transfection with 
mimic hsa-miR-451a-5p; Expression levels of putative target-genes TNFα, 

DNMT1 and CITED2 after transfection with mimic hsa-miR-1468-5p. 
HMGA2 was used as positive control for gene expression and as target  

of hsa-let-7c. TWF1 was used as positive control for gene expression and  
as target of hsa-miR-1-3p. 

4.4.5. The expression analysis of putative target-genes of  
hsa-miR-451a-5p in gastric cancer cells AGS and MKN-28. 
Genes CAV1 and ADAM28 were identified as putative target-genes of hsa-

miR-451a. Transfection of GC cell lines AGS and MKN-28 was performed 
with mimic of hsa-miR-451-5p. 

The results of our study indicated that after 24 h and 48 h the expression 
of putative target-gene CAV1 decreased by 1.76 times (P = 0.008) and by 1.40 
(P = 0.03), respectively in GC cell line AGS. The expression levels of putative 
target-gene CAV1 decreased by 1.46 times (p = 0.009) only 24 h after 
transfection in GC cell line MKN-28. No significant differences were observed 
in expression levels of gene ADAM28 in GC cell lines compared to GC cells 
transfected with negative control of mimic. 
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4.4.6. The expression analysis of putative target-genes of  
hsa-miR-1468-5p in gastric cancer cells AGS and MKN-28. 
No significant differences were observed in expression levels of putative 

target-genes DNMT1 and CITED2 both 24 h and 48 h after transfection with 
mimic hsa-miR-1468-5p in both cell lines AGS and MKN-28. Meanwhile, 
gene TNFα was unexpressed in both cell lines. 
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5. DISCUSSION 

GC with a very poor prognosis accounts for considerable amount of 
morbidity and mortality in the world. Gastric carcinogenesis is the result of 
interactions between Helicobacter pylori, genetic predisposition, epigenetic 
alterations, eating habits and environmental factors, which cause inactivation 
of tumor suppressor genes and activation of oncogenes. [1]. It has been shown, 
that miRNAs can function as tumor suppressors or oncogenes and repress the 
expression of important cancer-related genes and might prove to be useful 
biomarkers in the diagnosis of cancer [52]. The aim of this thesis was to 
investigate miRNA profile and their target-genes in pathology of GC and to 
assess the relevance of miRNAs as non-invasive biomarkers for the diagnosis 
of the malignant disease. 

Generally, miRNAs regulate gene expression of a target-genes by binding 
to its 3′-UTR. Therefore, polymorphisms in the miRNA binding site of the gene 
affect miRNA–mRNA interaction and influence the development of diseases 
(Yang et al., 2014) [53, 59]. In study I of this thesis, four SNPs (IL12B 
(rs1368439), INSR (rs1051690), CCND1 (rs7177), and IL10 (rs3024498) were 
shown to be associated with GC and present in the putative binding sites of 
miRNA (hsa-miR-27, hsa-miR-146a, hsa-miR-223 and hsa-miR-107, respecti-
vely) was performed. We found that INSR (rs1051690) SNP was associated 
with increased risk of GC; whereas no link was found for the polymorphisms 
in IL12B, CCND1 and IL10 genes and GC risk. It is the first study evaluating 
the association of these SNPs with GC. Several studies have described the role 
of miRNAs in the regulation of INSR gene in different cancers, such as prostate, 
colorectal and etc. [104–106]. INSR gene codes for the insulin receptor. Insulin 
may regulate cell growth and apoptosis by binding to its receptor (INSR) or to 
the structurally related insulin-like growth factor-I receptor (IGFIR) [107, 108]. 
De Freitas-Junior JC et al. demonstrated that changes in the INSR gene can 
affect the insulin signaling pathway by modulating E-cadherin glycosylation 
and destabilization of cellular membranes that may have detrimental effects in 
gastric carcinogenesis [106]. One recent study also identified INSR as new 
candidate gene for diffuse GC susceptibility [107]. In our study we selected 
rs1051690 of INSR gene which is a potential binding site for hsa-miR-146a 
[108]. Previous case-control studies carried out in Czech Republic, Spain and 
Israel revealed an association between rs1051690 and colorectal cancer [20, 
112, 113]. The findings of our study are partly in line with the latter studies, 
suggesting that this SNP might mediate not only colorectal but also GC risks, 
pointing to a potential joint mechanism of gastrointestinal cancers.  
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Our study did not find significant association between polymorphisms in 
IL12B, IL10 and CCND1 genes with GC risk. Several of previous studies in 
other populations analyzing associations between these SNPs and GC also did 
not find any association [114–117]. However, our study carries certain 
limitations that have to be taken into account. The selection of putative miRNA 
target-genes and corresponding gene polymorphism is based on bioinforma-
tical databases that may over- or under- estimate real interaction effects. Future 
studies are needed to validate our findings in other cohorts and to investigate 
whether the gene variant affecting the insulin receptor (INSR gene) leads to 
changes in the expression level of the receptor. Since this is the first study on 
these SNPs in GC, direct comparison with the results of other studies is not 
possible, yet. Overall our data provide important novel aspects on SNPs in 
miRNA binding sites of target-gene and GC. Detailed discussion of the results 
of Study I is described in the publication “Polymorphisms of microRNA target-
genes IL12B, INSR, CCND1 and IL10 in gastric cancer”. 

MiRNA profiling in GC and AG patients has been performed using two 
different approaches, i.e. TLDA qRT-PCR analysis (study II part I) and small 
RNA-seq (study II part II). Study II part I not only evaluated the miRNA 
profile in GC tissue, but also enabled to evaluate the suitability of the GC 
tissue associated miRNAs for non-invasive diagnosis, i.e. expression was 
evaluated in plasma of the patients; whereas study II part II provided detailed 
miRNA profile for the tissue of GC and AG patients, which enabled to evalua-
te differences of miRNA’s expression in early stage of GC. Profiling study II 
part I performed using pre-designed TLDA qRT-PCR analysis, showed 15 
miRNAs, of total 377, to be differentially expressed. Validation analysis 
showed four miRNAs to be differentially expressed in GC tissue, of total 6 
and 3 miRNAs - in plasma of patients with GC, of total 4. Profiling study II 
part II, performed using small RNA-seq analysis, showed different expression 
of 110 and 17 miRNAs, of total 2180, in GC and AG tissue, respectively. 76 
differentially expressed miRNAs were detected in GC tissue compared to AG 
tissue. To further determine miRNAs which could be used as a signature for 
GC and AG prediction, 21 miRNAs which were present in plasma were 
selected for validation study. In validation study eight and two miRNAs 
showed different expression in GC and AG tissue, respectively. Five 
differently expressed miRNAs were detected in GC tissue compared to AG 
tissue. In summary, the results of both studies revealed 9 deregulated 
miRNAs in GC tissue (down-regulated: hsa-miR-148a-3p, hsa-miR-148a-5p, 
hsa-miR-204-5p, hsa-miR-375; up-regulated: hsa-miR-142-3p, hsa-miR-
215-5p, hsa-miR-223-3p, hsa-miR-224-5p and hsa-miR-335-3p) and two 
deregulated miRNAs in AG tissue: hsa-miR-204-5p and hsa-miR-215-5p. 
Evaluation of miRNAs as early diagnostic biomarkers in GC and AG tissue 
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revealed deregulation of hsa-miR-148a-5p, hsa-miR-204-5p, hsa-miR-223-
3p, hsa-miR-224-5p and hsa-miR-335-3p. Evaluation of miRNAs as non-
invasive biomarkers in GC plasma revealed different expression of hsa-miR-
148a-3p, hsa-miR-375 and hsa-miR-223-3p, however, they showed relatively 
weak diagnostic performance as sole biomarkers. In the recent review, which 
summarizes 14 currently published miRNA profiling studies, more than 300 
miRNAs have been shown to be differentially expressed in GC tissue 
compared to normal tissue (Shrestha et al., 2014). The GC miRNA profile 
defined in our study coincide with other GC miRNA profiling studies. All of 
the miRNAs in the profile are involved in biological processes important in 
gastric cancerogenesis. Shui-Long Guo et al. showed that the knockdown of 
hsa-miR-148a inhibited cell proliferation in GC cell lines, whereas 
overexpression promoted cell proliferation and cell cycle progression [114]. 
Silencing of hsa-miR-204-5p expression promoted proliferation of GC cells 
in vitro [115]. Hsa-miR-215 expression level has been shown to correlate with 
tumor differentiation, TNM stage and lymph‑node metastasis and promotion 
of GC [67, 120]. Hsa-miR-223 was shown to have an impact on different 
cellular processes, ranging from cell cycle regulation and invasiveness to 
hematopoietic differentiation and immune cell function [117]. Inhibition of 
hsa-miR-224 suppressed cell growth, migration and invasion, while hsa-miR-
224 overexpression resulted in opposite effects. Hsa-miR-224 inhibition also 
suppressed tumor growth in vivo [118]. MiR-375 has been shown to affect 
gastric cell proliferation [119]. 

It is worth noting, that it is the first study that has identified hsa-miR-204-
5p and hsa-miR-215-5p to be associated with AG. These miRNAs have been 
shown to be involved in cancer related processes, but there is no previous study 
showing their involvement in any kind of inflammatory processes. Moreover, 
it is the first study that has shown that hsa-miR-148a-5p, hsa-miR-204-5p, hsa-
miR-224-5p and hsa-miR-335-3p are deregulated in AG and that they are 
differentially expressed compared with GC, therefore they have a potential to 
become early diagnostic biomarkers. Hsa-miR-223-3p has already been shown 
to be deregulated in AG and GC [120]. One of the major focuses in GC research 
is the evaluation of potential molecular biomarkers that could be used for non-
invasive diagnostics of this malignancy. Meta-analysis by Wang R. analyzed 
circulating miRNA data in GC and summarized, that circulating miRNAs had 
a relatively good diagnostic performance in gastrointestinal cancers, with a 
sensitivity of 0.75, a specificity of 0.81. Another interesting finding revealed in 
the study was that plasma-based miRNA assays reach a higher accuracy com-
pared to serum-based ones for GC [76]. Altered miRNA expression profiles 
have been reported in GC tissue and blood samples [125, 66], but the results 
are inconsistent and controversial. Study by Li et al. identified hsa-miR-223, 
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hsa-miR-21 and hsa-miR-218 to be deregulated in the GC plasma and revealed 
that combined ROC analysis had the highest area under the curve (AUC) value 
of 0.9531 in discriminating GC patients from healthy controls [63]. Study by 
Zhu et al. showed five miRNAs (hsa-miR-16, hsa-miR-25, hsa-miR-92a, hsa-
miR-451 and hsa-miR-486-5p) to be consistently elevated in plasma of the GC 
patients and were identified to be potential biomarkers [88]. Large-scale 
analysis by Tsujiura et al. identified four plasma miRNAs (hsa-miR-17-5p, hsa-
miR-21, hsa-miR-106a, hsa-miR-106b) to be significantly higher in GC 
patients compared to healthy controls [121]. Our profiling results revealed three 
hsa-miR-148a-3p, hsa-miR-375 and hsa-miR-223-3p to be deregulated in 
plasma of patients with GC compared to healthy control. Moreover, in our 
study hsa-miR-148a-5p and hsa-miR-223-3p were shown to be differentially 
expressed in AG tissue compared to GC tissue. However, these circulating 
miRNAs showed relatively weak diagnostic performance as sole biomarkers. 
Single-miRNA assay have been shown to display a relatively low diagnostic 
performance compared to multiple-miRNAs assay in meta-analysis of 
Wang R. [76]. Therefore, large scale sequencing study of GC and AG plasma 
samples should be performed in order to determine the possible biomarkers for 
early and non-invasive diagnosis. 

Discussion of the results of Study II part I is described in detail in the article 
“Analysis of deregulated miRNAs and their target-genes in gastric cancer”. 

In the study III of this thesis the experimental analysis of potential miRNA 
target-genes using inhibitor or mimics of miRNAs in GC cell lines (AGS and 
MKN-28) was performed. Transfection of hsa-miR-20b inhibitor in GC cell 
lines AGS and MKN-28 increased the expression level of IRF1, PTEN and 
TXNIP mRNA. Transfection of hsa-miR-451a mimic decreased the expression 
level of CAV1 mRNA in GC cell lines AGS and MKN-28.  

Hsa-miR-20b belongs to the hsa-miR-106a-363 cluster, which together 
with hsa-miR-17-92 (known as “oncomiR-1”) and hsa-miR-106b-25 clusters 
form a large family of highly similar miRNAs called the hsa-miR-17 family 
[122]. In our study we found the hsa-miR-20b-5p expression to be upregulated 
in GC cells (AGS and MKN-28). We identified that putative target-genes of 
hsa-miR-20b-5p IRF1, PTEN and TXNIP increased after transfection with 
inhibitor in GC cells AGS and MKN-28 24 h after transfection, whereas 
expression of IRF1 increased only in GC cell line AGS and expression of 
TXNIP increased in both GC cell lines 48 h after transfection. Expression level 
of EREG, FAT4 did not change after transfection with hsa-miR-20b-5p 
inhibitor. Previous studies have identified, that high expression of hsa-miR-20b 
is significantly associated with tumor progression and decreased overall 
survival in patients of hepatocellular carcinoma [123]. In other study hsa-miR-
20b was shown to be up-regulated in esophageal tumor tissues compared to 
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normal [124]. A number of studies have identified potential target-genes of hsa-
miR-20b (MMP-2 [125], HIF1A [126], NFAT5 and CAMTA1 [127], including 
PTEN [124]). This is the first study that evaluated hsa-miR-20b expression 
changes in GC cell lines and identified novel potential target-genes. 

PTEN is a confirmed target-gene of hsa-miR-20b in multiple cancers. It 
was shown that hsa-miR-20b expression changed PTEN protein level, but not 
mRNA expression in breast cancer cells (ZR-75-30 and MCF-7). Furthermore, 
up-regulation of hsa-miR-20b significantly promoted the proliferation, colony 
formation and DNA synthesis of breast cancer cells. Conversely, knockdown 
of hsa-miR-20b inhibited the growth of breast cancer cells in vitro and in vivo 
[128]. PTEN was shown to be a target of hsa-miR-20b in esophagus cancer, as 
well [124]. Zheng et al. analyzed PTEN expression in GC samples compared 
to adjacent normal tissues and found significant down-regulation of this gene 
[129]. Functional inactivation of the tumor suppressor protein PTEN 
(Phosphatase and Tensin Homolog) has been detected in multiple cases of GC, 
and has already been shown to be closely linked to the development, 
progression and prognosis of the disease. Levels of PTEN can be used as an 
indicator to diagnose the pathological state of GC [130]. However, our study is 
the first providing preliminary evidence that hsa-miR-20b might be a potential 
regulator of PTEN in GC as well. 

TXNIP gene was shown to be down-regulated in colorectal cancer and GC 
compared to adjacent normal tissue [131]. In other study TXNIP gene was 
shown as potential biomarker for gastro-esophageal adenocarcinoma [132]. 
This gene has been shown to be regulated by a number of miRNAs in different 
pathologies (hsa-miR-33a [133], hsa-miR-20a [134], hsa-miR-17 [135] and 
etc.). However, this is the first study that has identified TXNIP to be a potential 
target-gene of hsa-miR-20b. 

IRF1 encodes interferon regulatory factor 1, a member of the interferon 
regulatory transcription factor (IRF) family. IRF1 has been shown to play roles 
in regulating apoptosis and tumor-suppression in GC cells [136]. Previous 
studies indicated that this gene might be targeted by hsa-miR-383 in testicular 
embryonal carcinoma [137]. Our study is the first that showed IRF1 to be a 
possible target-gene of hsa-miR-20b. 

A second miRNA understudy hsa-miR-451a-5p was down-regulated in 
GC cells (AGS and MKN-28). This has already been shown in study of 
Riquelme I et al. [138]. Moreover, this study identified a member of 
PI3K/AKT/mTOR pathway TSC1 to be down-regulated after targeting with 
hsa-miR-451a mimic [138]. In our study after transfection with hsa-miR-451a 
mimic expression of putative target-gene CAV1 was down-regulated in both 
cell lines (AGS and MKN-28) after transfection. Caveolin-1 (Cav-1), a family 
of ubiquitously expressed oligomeric structural proteins in many mammalian 
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cells, has been shown to be an effective regulator of tumorigenesis [139]. 
Deregulation of CAV1 expression was shown in several human tumors: 
upregulated in prostate cancer cells [140] and pancreas cancer [141] and down-
regulated in colon cancer [142], lung cancer [143] and ovarian carcinoma 
[139]. Kyung Han Nam et al. showed that CAV1 expression in GC cells plays 
an important role in disease progression, via inducing cancer cell adhesion to 
endothelial cells, which is more conspicuous in the late stage of GC [144]. In 
other study the expression of CAV-1 was shown to correlate with worse 
outcomes and was shown as essential for pancreatic tumor growth and invasion 
[141]. Our study is the first showing that hsa-miR-451 might be a possible 
regulator of CAV-1 expression. 

However, it should be noted that the potential target-genes of miRNAs 
under-study should be validated using western-blot analysis and luciferase 
assay. 
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CONCLUSIONS 

1. INSR (rs1051690) single-nucleotide polymorphism was associated with 
gastric cancer; whereas polymorphisms in IL12B (rs1368439), CCND1 
(rs7177) and IL10 (rs3024498) genes were not linked to the disease. 

2.1. MicroRNA expression profiling in gastric cancer and control tissue 
revealed nine deregulated microRNAs: hsa-miR-148a-3p, hsa-miR-
148a-5p, hsa-miR-204-5p, hsa-miR-375 were down regulated and hsa-
miR-142-3p, hsa-miR-215-5p, hsa-miR-223-3p, hsa-miR-224-5p, hsa-
miR-335-3p were up-regulated. 

2.2. MicroRNA expression profiling in atrophic gastritis and control tissue 
revealed down-regulation of hsa-miR-204-5p and up-regulation of hsa-
miR-215-5p. 

2.3. Evaluation of microRNA expression in gastric cancer and atrophic 
gastritis tissue revealed down-regulation of hsa-miR-223-3p, hsa-miR-
224-5p, hsa-miR-335-3p and up-regulation of hsa-miR-148a-5p, hsa-
miR-204-5p. 

3. Evaluation of microRNA expression in plasma of gastric cancer and 
control group revealed down-regulation of hsa-miR-148a-3p, hsa-miR-
375 and upregulation of hsa-miR-223-3p. Sensitivity and specificity 
values for microRNAs were insufficient, therefore they are not suitable 
for non-invasive diagnostic. 

4. Inhibition of hsa-miR-20b-5p up-regulated expression of the possible 
target-genes IRF1, TXNIP and PTEN, whereas overexpression of hsa-
miR-451a-5p decreased expression of target-gene CAV1 in gastric cancer 
cells AGS and MKN-28. 
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SANTRAUKA 

Įvadas 
Šiuo metu skrandžio vėžys yra visuotinė sveikatos problema pasaulyje. 

Ligos eigos prognozė priklauso nuo vėžio stadijos diagnozės metu. Deja, 
daugeliu atvejų, skrandžio vėžio diagnozės metu yra nustatomos metastazės, 
nes ankstyvosiose stadijose ši liga yra besimptomė [43]. Šios disertacijos 
tikslas buvo prisidėti prie atradimų, kurie pagerintų vėžio diagnostiką, naudo-
jant neinvazinę diagnostiką. Neseniai atrastos mažos mikro RNR molekulės 
yra svarbios vėžinių procesų patogenezėje. Mikro RNR – tai audiniams 
specifiniai biožymenys, kurie įgalina klasifikuoti skirtingus vėžio tipus, 
remiantis pakitusių mikro RNR raiškos profiliu, tačiau reikalingi išsamesni 
tyrimai [23, 24]. 

Darbo naujumas 
Šiame tyrime pateikti nauji įrodymai apie: (i) mikro RNR geno taikinio 

jungimosi srityje esančius vieno nukleotido polimorfizmus skrandžio vėžio 
atveju, (ii) mikro RNR profilį skrandžio priešvėžinių ligų ir vėžio atveju, taip 
pat mikro RNR tinkamumą neinvazinei diagnostikai, (iii) naujus mikro RNR 
potencialius genus taikinius.  

Šie duomenys papildo molekulines žinias apie skrandžio vėžio patoge-
nezę. Be to, šie duomenys gali būti naudingi ne tik moksliniams darbams, 
tačiau ir diagnostikai, ir naujų terapinių priemonių kūrimui. 

Darbo tikslas 
Šio darbo tikslas nustatyti mikro RNR raiškos profilį ir jų reguliuojamų 

genų įtaką skrandžio vėžio išsivystymui bei įvertinti šių molekulinių žymenų 
tinkamumą neinvazinei ligos diagnostikai. 

Uždaviniai:  
1. Įvertinti mikro RNR genų taikinių IL12B (rs1368439), INSR 

(rs1051690), CCND1 (rs7177) ir IL10 (rs3024498) vieno nukleotido 
polimorfizmų sąsają su skrandžio vėžiu Europiečių populiacijoje.  

2. Nustatyti mikro RNR raiškos profilį skrandžio vėžio ir atrofinio 
gastrito audinyje. 

3. Įvertinti pasirinktųjų mikro RNR raišką skrandžio vėžiu sergančiųjų 
kraujo plazmoje ir jų tinkamumą neinvazinei diagnostikai. 
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4. Eksperimentiškai blokuojant hsa-miR-20b ir padidinant hsa-miR-
451a bei hsa-miR-1468 kiekį, ištirti jų genų taikinių raiškos pokyčius 
skrandžio vėžio ląstelių linijose. 

Medžiagos ir metodai 
STUDIJA I 

Pirmos studijos dizainas ir mėginiai 
I studijos tikslas buvo ištirti sąsają tarp miRNR genų taikinių (IL12B, 

INSR, CCND1 ir IL10) vieno nukleotido polimorfizmų ir skrandžio vėžio 
(SV) europiečių populiacijoje. Tyrimui buvo naudojama DNR išgryninta iš 
kraujo. Iš viso buvo ištirti 982 žmonės (474 žmonės, sergantys skrandžio 
vėžiu ir 508 nesergantys). Iš jų 206 buvo iš Vokietijos (102 sergantys skran-
džio vėžiu ir 104 nesergantys), 285 žmonės iš Latvijos (139 sergantys skran-
džio vėžiu ir 146 nesergantys), 491 žmonės iš Lietuvos (233 sergantys skran-
džio vėžiu, 258 nesergantys).  

DNR gryninimas, miRNR genų taikinių vieno nukleotido 
polimorfizmų atranka ir genotipavimas 
Genominė DNR buvo išgryninta naudojant išdruskinimo metodą iš per-

iferinio kraujo branduolį turinčių ląstelių – leukocitų. Naudojantis literatūros 
duomenimis, pirmiausiai buvo pasirinktos tos miRNR, kurios yra susijusios 
su skrandžio vėžiu: hsa-miR-27, hsa-miR-146a, hsa-miR-223 and hsa-miR-
107. Tuomet, naudojant bioinformatinę duomenų bazę „Mirsnpscore“ 
(http://www.bigr.medisin.ntnu.no/mirsnpscore) buvo parinkti šių miRNR 
galimi genai taikiniai, kurių 3’ galo netransliuojamoje strityje (3’UTR) (angl. 
3’ untranslated region) yra vieno nukleotido polimorfizmai: IL12B T>G 
(rs1368439), INSR T>C (rs1051690), CCND1 A>C (rs7177) ir IL10 T>C 
(rs3024498). Vieno nukleotipo polimorfizmai buvo genotipuoti naudojant 
TaqMan pradmenis. 

STUDIJA II 

Antros studijos dizainas 
Tiriamoji medžiaga 
I-oje studijos dalyje mikro RNR genų raiškos profiliavimas atliktas 

skrandžio vėžiniame audinyje (n = 13), palyginti su kontroliniu audiniu (n = 
12). Ištirta 377-ių mikro RNR genų raiška. Validavimas atliktas skrandžio 
vėžiniame audinyje (n = 38), palyginti su kontroliniu skrandžio audiniu (n = 
39), bei skrandžio vėžiu sergančių (n = 38) ir sveikų žmonių kraujo plazmoje 

http://www.bigr.medisin.ntnu.no/mirsnpscore
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(n = 39). Po profiliavimo duomenų analizės pasirinktos 6-ios mikro RNR, 
kurių genų raiška buvo pakitusi labiausiai. Po mikro RNR genų raiškos 
audinyje analizės, pasirinkitos 4-ios mikro RNR, kurių genų raiškos analizė 
atlikta kraujo plazmoje.  

II studijos dalyje mikro RNR profiliavimas atliktas skrandžio vėžio (n = 
20) ir atrofinio gastrito (n = 18) audinyje palyginti su kontroliniu skrandžio 
audiniu (n = 26). Ištirta 2180-ies mikro RNR genų raiška. Validavimo kohor-
toje 21-os mikro RNR raiška nustatyta skrandžio vėžio (n = 39) ir  
21-os atrofinio gastrito audinyje (n = 40) palyginti su kontroliniu skrandžio 
audiniu (n = 40), pasirinkus mikro RNR, kurių raiška buvo pakitusi ir kraujo 
plazmoje kiekvienos ligos atveju. Tiriamų mėginių ir mikro RNR skaičius, 
taikant skirtingus tyrimų metodus II-ai studijai pateiktas 1-oje lentelėje. 

1 lentelė. II studijos dizainas 

II studijos dizainas Audinio 
tipas 

Mėginių 
skaičius 

Tirtų mėginių 
skaičius 

Naudotas  
metodas 

 
 
I dalis 

Profiliavimo 
kohorta 

Skrandžio 
gleivinė 

GC, n = 13 
HC, n = 12 377 TL-kPGR  

(TLDA plokštelė A) 
Validavimo 
kohorta 

Skrandžio 
gleivinė 

GC, n = 38 
HC, n = 39 6 TL-kPGR  

(TaqMan reagentas) 
Kraujo 
plazma 4 

 
 
II dalis 

Profiliavimo 
kohorta 

Skrandžio 
gleivinė 

GC, n = 20 
AG, n = 18 
HC, n = 26 

2 180 Mažųjų RNR 
sekoskaita 

Validavimo 
kohorta 

Skrandžio 
gleivinė 

GC, n = 39 
AG, n = 40 
HC, n = 40 

21 TL-kPGR  
(TLDA surinkta 
plokštelė) 

GC – skrandžio vėžys, AG – atrofinis gastritis, HC – sveika kontrolė. 

Mėginiai ir tyrimo metodai 
Kauno regioninis biomedicininių tyrimų etikos komitetas pritarė 

biomedicininių tyrimų vykdymui (Bioetikos leidimo nr: BE-2-10, 2011 m.). 
Žmogaus skrandžio audinių mėginiai buvo gauti operacijos arba gastro-
skopijos metu talpinami į RNAlater (Ambion, JAV) ir laikomi –80 °C. Kraujo 
plazma surinkta iš skrandžio vėžiu sergančių ir nesergančių asmenų. Visiems 
tiriamiesiems buvo atliktas serologinis kraujo tyrimas specifiniams H.pylori 
Ig G antikūnams nustatyti ELISA metodu, naudojantis komerciniu rinkiniu 
(Virion/Serion GmbH, Vokietija). Kontrolinė skrandžio audinių grupė sudary-
ta gavus gydytojo histologo patvirtinimą jog audinyje nėra pakitimų, o kraujo 
plazmoje nenustatyti imunoglobulino G (Ig G) antikūnai prieš Helicobacter 
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pylori bakteriją. Visuminė RNR iš skrandžio audinių buvo išgryninta naudo-
jantis rinkiniais: „mirVana miRNA Isolation Kit“ (profiliavimo kohortai (II 
studijos I dalis) „miRNeasy Mini Kit“ profiliavimo ir validavimo kohortoms 
(II studijos I ir II dalys), iš plazmos „miRnease Serum/Plasma Kit“ (II 
studijos II dalis), remiantis gamintojo rekomendacijomis. Visuminės RNR 
kokybė ir kiekybė nustatyta spektrofotometru „NanoDrop 2000“ (Applied 
Biosystems, JAV).  

Kiekybinė realaus laiko polimerazinė grandininė reakcija 
Mikro RNR profiliavimas (II studija I dalis). Mikro RNR, susijusių su 

skrandžio vėžiu genų raiška atlikta kiekybinės tikrojo laiko polimerazinės 
grandininės reakcijos (TL-kPGR) metodu, naudojant validuotus TaqMan 
specifinius mikro RNR pradmenis mažo tankio (384 šulinėlių) plokštelėje A 
(angl. TaqMan Low Density Array (TLDA) card A) realaus laiko termocik-
leryje „ViiA 7 Real-time PCR System“ (Applied Biosystems). 

Komplementari DNR susintetinta naudojant 500 ng visuminės RNR ir 
atvirkštinės transkripcijos pradmenis „Megaplex“ (Applied biosystem), re-
miantis gamintojo rekomendacijomis.  

Mikro RNR validavimas (II studija I dalis). Mikro RNR genų raiška 
buvo tiriama skrandžio vėžio audinyje, palyginti su kontroliniu skrandžio 
audiniu ir žmonių sergančių skrandžio vėžiu kraujo plazmoje, palyginti su 
nesergančių. TL-kPGR atlikta naudojant validuotus TaqMan specifinius 
mikro RNR pradmenis. Komplementari DNR paruošta naudojant 20 ng 
visuminės RNR, išgrynintos iš audinio ir atvirkštinės transkripcijos rinkinį 
„TaqMan miRNA Reverse transcription kit“ bei TaqMan pradmenis kiekvie-
nai mikro RNR atskirai. Kiekybinės PGR reakcijoje buvo atlikti du pakarto-
jimai. TL-kPGR buvo atlikta naudojant realaus laiko termociklerį „ABI 7500 
Fast“ (Applied biosystem).  

Mikro RNR validavimas (II studija II dalis). Mikro RNR genų raiška 
buvo tiriama skrandžio vėžio ir atrofinio gastrito audinyje, palyginti su kont-
roliniu skrandžio audiniu, kiekybinės tikrojo laiko polimerazinės grandininės 
reakcijos (TL-kPGR) metodu, naudojant validuotus TaqMan specifinius 
mikro RNR pradmenis mažo tankio (384 šulinėlių) pagal užsakymą sukurtoje 
plokštelėje, realaus laiko termocikleryje „ViiA 7 Real-time PCR System“ 
(Applied Biosystems). Koplementari DNR susintetinta naudojant 600 ng 
visuminės RNR ir atvirkštinės transkripcijos pradmenų rinkinį remiantis 
gamintojo rekomendacijomis.  
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Mažųjų mikro RNR bibliotekos sudarymas ir mikro RNR raiškos 
profilio nustatymas skrandžio audinyje 
Mažųjų RNR biblioteka buvo paruošta naudojant „TruSeq Small RNA 

Sample Preparation Kit (Illumina)“, o mėginiai sekvenuoti naujos kartos 
sekvenatoriumi HiSeq2500 (Illumina), remiantis gamintojo rekomendaci-
jomis.  

Sekoskaitos metu gautų sekų pirminė kokybės analizė atlikta taikant 
šiuos kokybės kriterijus: sekos kokybė > 30, sekos ilgis > 17 bp. Siekiant 
sutrumpinti tolimesnės bioinformatinės analizės laiką identiškos sekos buvo 
pašalintos, tačiau informacija apie sekų skaičių (angl. read counts) buvo 
išsaugota. Toliau naudojant „BLASTN v2.2.30“ buvo pašalintos sekos, kurios 
nepriklauso žmogaus genomui, remiantis referentinėmis mikro RNR sekomis 
iš „miRBase v20“. Mikro RNR raiškos analizė atlikta naudojant neigiamą 
binominį apibendrintą linijinį modelį įdiegtą „Bioconductor DESeq2“ pakete 
„R“ programinėje aplinkoje (versija 3.2.3). P-vertės, kurios gautos naudojant 
Wald testą buvo koreguojamos naudojant daugkartinio palyginimo proce-
dūrą, šiuo atveju Bonferroni. Šios studijos galia skrandžio vėžio grupėje buvo 
80 proc., kai mikro RNR raiškos pokytis yra > 2 (p < 0,01), o atrofinio gastrito 
grupėje 99 proc. kai mikro RNR raiškos pokytis yra > 2 (p < 0,01). Taigi 
mikro RNR, kurių koreguota p < 0,01, o raiškos pokytis > 2, turėjo reikšmin-
gai pakitusią raišką. Mikro RNR raiškos profilio validavimui buvo pasirinktos 
mikro RNR, kurių sekų vidurkis mėginiuose buvo daugiau kaip 100 sekų, 
raiškos pokytis > 2, o p < 0,01. Studijos statistinė galia apskaičiuota naudojant 
„RNASeqPower“ analizės paketą. 

STUDIJA III 
Studijos dizainas 
Su skrandžio vėžiu susijusių mikro RNR (miR-20b-5p, miR-451a-5p ir 

miR-1468-5p) genai taikiniai buvo pasirinkti atlikus analizę duomenų bazėse 
(DIANA-microT-CDS, ElMMo, MicroCosm, miRanda, miRDB, PicTar, PITA 
ir TargetScan). Skrandžio vėžio ląstelių linijose AGS ir MKN-28 transfekcija 
atlikta inhibitoriumi miR-20b-5p ir imitatoriais miR-451a-5p bei miR-1468-
5p, naudojant Lipofektaminą 3000. Po transfekcijos praėjus 24 ir 48 val. 
skrandžio ląstelių linijose (AGS ir MKN-28) atlikta mikro RNR genų taikinių 
raiškos analizė naudojant specifinius TaqMan pradmenis TL-kPGR metodu.  
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Tiriamoji medžiaga  
Skrandžio vėžinės ląstelės AGS ir MKN-28 (iš Amerikos tipo kultūrų 

kolekcijos (angl. American Type Culture Collection (ATCC)) buvo augina-
mos inkubatoriuje mitybinėje terpėje Ham’s F-12K (Gibco by Life techno-
logies, JAV), papildytoje 10 proc. veršiuko serumu (Gibco by Life techno-
logies, JAV) ir 100 IU/ml penicilinu ir 100 μg/ml streptomicinu (Gibco by 
Life technologies, JAV), esant 37°C temperatūrai, 5 proc. CO2 ir 95 proc. 
santykinei drėgmei.  

Mikro RNR genų taikinių paieškos analizė 
Mikro RNR genų taikinių analizė buvo atlikta naudojantis „R“ paketo 

programine įranga „Rstudio Deskto0p v 1.0.143“. Pirmiausiai buvo atrinkti 
su skrandžio vėžiu susiję genai, naudojantis duomenų baze „DisGenet“. 
Toliau, naudojantis matematiniais prognozavimo įrankiais DIANA-microT-
CDS, ElMMo, MicroCosm, miRanda, miRDB, PicTar, PITA ir TargetScan 
buvo nustatyti mikro RNR (miR-20b-5p, miR-451a-5p ir miR-1468-5p) 
galimi genai taikiniai. Sekančiame etape šių mikro RNR genų taikinių sąrašas 
sumažintas, remiantis duomenų bazių miRecords, miRTarBase ir TarBase 
duomenimis, pašalinus tuos genus, kurie buvo validuoti kitose studijose. 
Paskutiniame analizės etape mikro RNR genai taikiniai buvo atrinkti pagal jų 
funkciją vėžio patogenezėje (vėžio supresoriai ir onkogenai), bei atlikus 
literatūros analizę. 

Skrandžio vėžinių ląstelių transfekcija  
Transfekcija atlikta 24-ių šulinėlių plokštelėse. Skrandžio vėžinės ląste-

lės AGS (n = 7) ir MKN-28 (n = 7) į šulinėlius susėtos 40 000 ląstelių/šuli-
nėlyje tankiu 500 μl mitybinėje terpėje Ham’s F-12K, papildytoje 10 proc. 
veršiuko serumu be antibiotikų. Transfekcija atlikta inhibitoriumi miR-20b-
5p ir imitatoriais miR-451a-5p bei miR-1468-5p (Ambion by Thermo Fisher 
Scientific, JAV), naudojant Lipofektaminą 3000 (Thermo Fisher Scientific, 
JAV). Ląstelės su transfekcijos reagentu buvo laikomos 37 °C temperatūroje, 
5 proc. CO2 inkubatoriuje. Visuminė RNR išgryninta iš ląstelių po transfek-
cijos praėjus 24 val. ir 48 val.  

Visuminės RNR gryninimas ir genų raiškos analizė 
Mikro RNR genų raiškos analizei visuminė RNR buvo išgryninta iš 

skrandžio vėžio ląstelių AGS ir MKN-28, naudojant rinkinį „MiRneasy 
Micro Kit“ (Qiagen, Vokietija), remiantis gamintojo rekomendacijomis. 
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Mikro RNR atvirkštinė transkripcija atlikta naudojant atvirkštinės transkrip-
cijos rinkinį „TaqMan Reverse Transcription Kit“ ir RNR pradmenis miR-
16 (000391) – endogeninei kontrolei, miR-20b (001014), miR-451a (001141) 
ir miR-1468 (121107_mat). 

Mikro RNR genų taikinių analizei visuminė RNR išgryninta iš 
transfekuotų vėžinių ląstelių AGS ir MKN-28, naudojant rinkinkinį „RNeasy 
Mini Kit“ (Qiagen, Vokietija), remiantis gamintojo rekomendacijomis. Mikro 
RNR atvirkštinė transkripcija atlikta naudojant atvirkštinės transkripcijos 
rinkinį „Hight-capasity cDNA Reverse Transcriptiom Kit“ (Thermo Fisher 
Scientific, USA). Komplementari DNR buvo susintetinta naudojant 1 µg 
visuminės RNR 20 µl reakcijoje. 

Tikrojo laiko kiekybinė relaus laiko polimerazinė reakcija 
Genų raiška mikro RNR lygmenyje (hsa-miR-20b-5p, hsa-miR-451a-5p 

ir hsa-miR-1468-5p, ir hsa-miR-16 kaip endogeninė kontrolė) buvo tiriama 
skrandžio vėžio ląstelėse AGS (n = 7) ir MKN-28 (n = 7), palyginti su nepa-
žeistu skrandžio audiniu (n = 11). Atlikta šių mikro RNR genų taikinių genų 
raiškos analizė: hsa-miR-20b-5p genų taikinių (EREG, FAT, IRF1, TXNIP, 
PTEN), hsa-miR-451a-5p genų taikinių (CAV1 ir ADAM28) ir hsa-miR-1468-
5p genų taikinių (TNFα, DNMT1 ir CITED2). TL-kPGR atlikta naudojant 
validuotus TaqMan specifinius mikro RNR pradmenis, o mikro RNR genų 
taikinių raiškos analizė atlikta naudojant TaqMan genų pradmenis, remiantis 
gamintojo rekomendacijomis. Kiekybinės PGR reakcijoje buvo atlikti du 
pakartojimai. TL-kPGR buvo atlikta naudojant realaus laiko termociklerį 
„ABI 7500 Fast“ (Applied biosystem).  

Statistika 
Genų raiška išreikšta delta Ct reikšme ir išvestas trijų pakartojimų 

vidurkis naudojantis „GraphPad Prism“ (GraphPadSoftware Inc., JAV) 
programine įranga. Mann-Whitney testas, naudotas apskaičiuoti skirtumams 
tarp grupių. Statistiškai patikima reikšmė vertinta, kai p < 0,05. 

Rezultatai 
I STUDIJA 
Vieno nukleotido polimorfizmų (IL12B (rs1368439), CCND1 (rs7177) 

ir IL10 (rs3024498)) genotipo ir alelių dažnių skirtumų skrandžio vėžiu 
sergančių ir sveikų pacientų tarpe nebuvo, išskyrus INSR vieno nukleotido 
polimorfizmą (rs1051690). INSR geno retojo alelio T dažnis buvo didenis 
skrandžio vėžiu sergančiųjų tarpe, palyginti su kontrolinės grupės (23,26 
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proc. ir 19,19 proc., atitinkamai, p = 0,028). CT genotipas taip pat buvo 
dažnesnis skrandžio vėžiu sergančiųjų tarpe, palyginti su kontrolinės grupės 
(38,48 proc. ir 30,12 proc. atitinkamai, p < 0,021). Logistinės regresijos 
analizės metu nustatyta, kad INSR geno vieno nukleotido polimorfizmas 
(rs1051690) susijęs su skrandžio vėžiu. CT genotipas buvo dažnesnis 
sergančiųjų tarpe, palyginti su kontroline grupe (ŠS – 1,45, 95 proc. PI 1,08–
1,95, p = 0,01). Taip pat nustatyta, kad skrandžio vėžio atveju INSR geno 
dominantinis genotipas TT + CT yra dažnesnis, palyginti su kontroline grupe 
(ŠS – 1,44, 95 proc. PI 1,08–1,90, p = 0,01). 

II STUDIJA 
Mikro RNR raiškos profiliavimas skrandžio vėžio audinyje  
ir plazmoje 
Naudojant mažo tankio plokštelę (angl. TaqMan Low Density Array) 

skrandžio vėžio audinyje, palyginti su kontroliniu audiniu, buvo nustatyta 
pakitusi 15-os mikro RNR raiška, iš kurių 7-ių mikro RNR buvo padidėjusi, 
o 8-ių sumažėjusi, kai raiškos pokytis > 2, p < 0,01. Šešios mikro RNR buvo 
pasirinktos replikacijai, iš kurių hsa-135a-5p, hsa-miR-148a-3p, hsa-miR-
204-5p ir hsa-miR-375 genų raiška buvo sumažėjusi, o hsa-miR-223-3p ir 
hsa-miR-155-5p buvo padidėjusi. Validavimo studijoje, naudojant mikro 
RNR validuotus TaqMan pradmenis, nustatyta, kad 4-ių (iš 6-ių) mikro RNR 
(hsa-miR-148a-3p, hsa-miR-204-5p, hsa-miR-375, hsa-miR-223-3p) genų 
raiška buvo pakitusi skrandžio vėžio audinyje, palyginti su kontroliniu 
audiniu ta pačia kryptimi, kaip ir profiliavimo studijoje. Tuomet jų (hsa-miR-
148a-3p, hsa-miR-204-5p, hsa-miR-375, hsa-miR-223-3p) raiška buvo tirta 
skrandžio vėžiu sergančių pacientų plazmoje, palyginti su nesergančių. Buvo 
nustatyta, kad (hsa-miR-148a-3p, hsa-miR-375, hsa-miR-223-3p) raiška 
buvo pakitusi ta pačia kryptimi, kaip ir audinyje (p < 0,05). 

Naudojant mažųjų RNR sekoskaitos metodą mikro RNR profiliavimas 
atliktas skrandžio vėžio ir atrofinio gastrito audinyje, palyginti su kontroliniu 
audiniu. 

Skrandžio vėžio audinyje, palyginti su kontroliniu, nustatyta 110-ies 
mikro RNR pakitusi raiška, iš jų 72-iejų buvo padidėjusi, o 38-ių sumažėjusi. 
Tuo tarpu, skrandžio vėžio audinyje, palyginti su šalia esančiu audiniu, buvo 
nustatyta 32-iejų mikro RNR pakitusi raiška, iš kurių, 25-ių mikro RNR 
raiška buvo padidėjusi, o 7-ių sumažėjusi. Tai rodo šalia vėžio esančio nepa-
žeisto audinio panašumą su kontroliniu skrandžio audiniu. Tuo tarpu, 17-kos 
mikro RNR raiška buvo pakitusi atrofinio gastrito audinyje palyginti su kont-
roliniu audiniu, iš jų 11-os buvo sumažėjusi, o 6-ių padidėjusi. Skrandžio 
vėžio audinyje, palyginti su atrofinio gastrito pažeistu audiniu, buvo pakitusi 
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76-ių mikro RNR raiška, iš jų 54-ių buvo padidėjusi, o 22-jų sumažėjusi. 
Sekančiame etape buvo nusekvenuota skrandžio vėžiu (n = 2) ir atrofinio 
gastritu (n = 2) sergančių pacientų plazma.  

Mikro RNR profilio validavimui skrandžio vėžio ir atrofinio gastrito 
grupėse buvo pasirinkta po 21-ą mikro RNR, kurių raiška buvo pakitusi ir 
kraujo plazmoje (kurių nuskaitymo skaičius buvo > 5). Validavimo studijoje 
skrandžio vėžio audinyje (n = 39), palyginti su kontroliniu skrandžio audiniu 
(n = 40), buvo pakitusi 8-ių mikro RNR raiška iš 21-os. Atrofinio gastrito 
audinyje (n = 40), palyginti su kontroliniu (n = 40), buvo pakitusi 2-jų, iš 21-
os. Skrandžio vėžio audinyje, palyginti su atrofinio gastrito audiniu, buvo 
pakitusi 5-ių mikro RNR raiška, lentelė 2. 

2 lentelė. Mikro RNR raiškos pokyčiai skrandžio vėžio ir atrofinio gastrito 
audinyje, palyginti su kontroliniu skrandžio audiniu, naudojant mažo tankio 
TaqMan plokšelę.  

Mikro RNR Pokyčio 
kryptis 

SV vs kontrolė AG vs kontrolė SV vs AG 
Pokytis 
kartais 

p reikšmė Pokytis 
kartais 

p 
reikšmė 

Pokytis 
kartais 

p reikšmė 

hsa-miR-204-5p down 8,29 6,6 × 10-12 2,23 1,5 × 10-6 3,71 1 × 10-4 
hsa-miR-148a-5p down 3,24 3,1 × 10-7 

  
2,92 7,1 × 10-6 

hsa-miR-375 down 3,07 2,9 × 10-8 
    

hsa-miR-142-3p up 2,94 4,6 × 10-12 
    

hsa-miR-223-3p up 3,58 1,1 × 10-12 
  

2,54 2 × 10-9 
hsa-miR-215-5p up 4,41 3,3 × 10-7 7,19 2,9 × 10-9 

  

hsa-miR-224-5p up 5,04 5,7 × 10-8 
  

3,10 4,4 × 10-4 
hsa-miR-335-3p up 5,77 4,6 × 10-12 

  
5,12 1,8 × 10-10 

SV – skrandžio vėžys, AG – atrofinis gastritas. 

III STUDIJA 
Mikro RNR hsa-miR-20b-5p, hsa-miR-451a-5p ir  
hsa-miR-1468-5p genų raiškos pokyčių skrandžio vėžinėse  
ląstelėse AGS ir MKN-28 analizė 
Mikro RNR hsa-miR-451a-5p ir hsa-miR-1468-5p raiška skrandžio 

vėžio ląstelėse AGS (n = 7) ir MKN-28 (n = 7) buvo sumažėjusi (p < 0,01),  
o hsa-miR-20b-5p padidėjusi (p < 0,01), palyginti su skrandžio audiniu  
(n = 11).  
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Mikro RNR hsa-miR-20b-5p, hsa-miR-451a-5p ir  
hsa-miR-1468-5p genų taikinių atranka ir raiškos analizė 
Naudojantis genų taikinių prognozavimo programomis buvo nustatyti 

mikro RNR genai taikiniai: EREG, FAT4, IRF1, TXNIP ir PTEN – galimi 
hsa-miR-20b-5p taikiniai; CAV1 ir ADAM28 – hsa-miR-451a-5p, o TNF, 
DNMT1 ir CITED2 – hsa-miR-1468-5p genai taikiniai.  

Atlikus transfekciją inhibitoriumi hsa-miR-20b-5p geno IRF1 raiška 
padidėjo 1,38 karto (p < 0,01) ir 1,43 karto (p < 0,01) skrandžio vėžinėse 
ląstelėse AGS ir MKN-28, atitinkamai, po transfekcijos praėjus 24 val. Tuo 
tarpu po 48 val. IRF1 geno raiška padidėjo 1,40 karto (p < 0,01) tik ląstelėse 
AGS.  

Geno PTEN raiška padidėjo 1,25 karto (p = 0,02) ir 1,87 karto (p < 0,01) 
skrandžio vėžinėse ląstelėse AGS ir MKN-28, atitinkamai, po transfekcijos 
inhibitoriumi hsa-miR-20b-5p praėjus 24 val. Tuo tarpu po 48 val. geno 
raiškos pokyčio nebuvo nei vienoje ląstelių linijoje.  

Geno TXNIP raiška padidėjo 1,65 karto (p = 0,04) ir 1,70 karto (p < 0,01) 
skrandžio vėžinėse ląstelėse AGS ir MKN-28, atitinkamai, po transfekcijos 
inhibitoriumi hsa-miR-20b-5p, praėjus 24 val. Tuo tarpu po 48 val. geno 
raiška padidėjo 1,63 karto (p < 0,01) ir 1,80 karto (p < 0,01) skrandžio vėžinė-
se ląstelėse AGS ir MKN-28, palyginti su ląstelėmis, transfekuotomis su 
neigiama kontrole. Tuo tarpu, genų EREG ir FAT4 raiškos pokyčių nustatyta 
nebuvo. 

Atlikus transfekciją imitatoriumi hsa-miR-451a-5p geno CAV1 raiška 
sumažėjo skrandžio vėžinėse ląstelėse AGS 1,76 karto (p < 0,01) ir 1,43 karto 
(p = 0,03), po 24 ir 48 val., atitinkamai. Tuo tarpu skrandžio vėžinėse ląstelėse 
MKN-28 geno CAV1 raiška sumažėjo 1,46 karto (p < 0.01) po transfekcijos 
praėjus 24 val., palyginti su ląstelėmis, transfekuotomis su neigiama kontrole.  

Atlikus transfekciją imitatoriumi hsa-miR-1468-5p, genų DNMT1 ir 
CITED2 raiškos pokyčio nebuvo nei vienoje ląstelų linijoje nei po 24 val, nei 
po 48 val., palyginti su ląstelėmis, transfekuotomis su neigiama kontrole. 
Geno TNFα raiška buvo nustatyta žemiau slenkstinės (angl. threshold) ribos. 

Diskusija 
Visame pasaulyje sergamumo ir mirtingumo lygis nuo skrandžio vėžio 

išlieka aukštas. Pagrindiniai skrandžio vėžio rizikos veiksniai yra atrofinis 
gastritas su Helicobacter pylori infekcija, genetinių ir epigenetinių procesų 
įtaka, netinkami mitybos įpročiai ir kt. [1]. Mikro RNR yra potranskripciniai 
reguliatoriai, kurie komplementariai susijungia su informacine RNR (iRNR), 
ko pasekoje įvyksta transliacijos nuslopinimas ir genų nutildymas. Nustatyta, 
kad mikro RNR raiškos intensyvumas įvairiuose audiniuose, tame tarpe ir 
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navikiniuose, skiriasi, todėl jos gali būti panaudotos kaip biožymenys anksty-
voje vėžinių ligų diagnostikoje, chemoterapijos efektyvumui įvertinti, ligos 
eigos prognozavimui ar nežinomos kilmės navikų klasifikavimui. Mikro 
RNR yra atsparios ribonukleazių sukeltam irimui, ilgiau nei siRNR išlieka 
stabilios audiniuose ir aptinkamos kraujo serume, plazmoje bei kituose kūno 
skysčiuose. Mikro RNR reguliuoja geno raišką, prisijungdama prie iRNR 3‘ 
galo netransliuojamos dalies, todėl geno taikinio vieno nukleotido polimor-
fizmas gali turėti įtakos mikro RNR prisijungimui. 

Šiame darbe buvo nustatyta, kad europiečių populiacijoje geno INSR 
(rs1051690) vieno nukleotido polimorfizas (VNP) yra susijęs su skrandžio 
vėžiu. Tuo tarpu sąsajos tarp skrandžio vėžio ir genų IL12B (rs1368439), 
CCND1 (rs7177) ir IL10 (rs3024498) VNP nustatyta nebuvo. Tai pirmasis 
toks atliktas tyrimas skrandžio vėžio atveju. INSR geno raiškos pokyčiai buvo 
nustatyti prostatos, gaubtinės žarnos vėžiu sergančiųjų tarpe [103–105, 20, 
111, 112]. Tai rodo, kad INSR geno (rs1051690) VNP gali būti susijęs navi-
kiniais susirgimais.  

Šiame darbe buvo atliktas mikro RNR profiliavimas skrandžio vėžio ir 
atrofinio gastrito audinyje, naudojant skirtingus metodus, t. y. kiekybinės 
tikrojo laiko polimerazinės grandininės reakcijos (TL-kPGR) metodą ir mažo 
tankio TaqMan plokštelę (II studija, I dalis) ir mažųjų RNR sekoskaitos 
metodą (II studija II dalis). II studijos I dalyje mikro RNR profiliavimo metu 
nustatyta, kad skrandžio vėžio audinyje, palyginti su kontroliniu audiniu, 
buvo pakitusi 15-os mikro RNR raiška iš 377-ių. Miko RNR raiškos valida-
vimui skrandžio vėžio audinyje buvo pasirinktos 6-ios mikro RNR, iš kurių 
4-ių mikro RNR raiška buvo pakitusi ta pačia kryptimi kaip ir profiliavimo 
metu. Tuo tarpu skrandžio vėžiu sergančiųjų kraujo plazmoje, palyginti su 
nesergančiųjų, 3-jų mikro RNR raiška buvo pakitusi ta pačia kryptimi kaip ir 
audinyje, iš 4-ių tirtų. 

 II studijos II dalyje RNR profiliavimo metu, naudojant mažųjų RNR 
sekoskaitos metodą, skrandžio vėžio ir atrofinio gastrito audinyje, palyginti 
su kontroliniu nustatyta 110-ies ir 17-os, atitinkamai, pakitusi mikro RNR 
raiška, iš 2180-ies, kai raiškos pokytis >2, p < 0,01. Tuo tarpu skrandžio vėžio 
audinyje, palyginti su atrofinio gastrito audiniu, nustatyta 76-ių mikro RNR 
pakitusi raiška. Mikro RNR profilio validavimui skrandžio vėžio ir atrofinio 
gastrito grupėse buvo pasirinktos po 21-ą mikro RNR, kurių raiška buvo 
pakitusi ir skrandžio vėžiu ar atrofiniu gastritu sergančiųjų kraujo plazmoje 
(kurių nuskaitymo skaičius sekvenuojant buvo > 5). Validavimo metu 
skrandžio vėžio audinyje, palyginti su kontroliniu audiniu nustatyta aštuonių 
mikro RNR pakitusi raiška, tuo tarpu atrofinio gastrito audinyje – dviejų. 
Skrandžio vėžio audinyje, palyginti su atrofiniu gastritu nustatyta penkių 
mikro RNR pakitusi raiška. Apibendrinant, šiame darbe skrandžio vėžio 
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audinyje, palyginti su kontroliniu skrandžio audiniu, buvo nustatyta pakitusi 
9-ių genų raiška mikro RNR lygyje (hsa-miR-148a-3p, hsa-miR-148a-5p, 
hsa-miR-204-5p, hsa-miR-375 raiška buvo sumažėjusi, o hsa-miR-142-3p, 
hsa-miR-215-5p, hsa-miR-223-3p, hsa-miR-224-5p ir hsa-miR-335-3p – 
padidėjusi). Tuo tarpu atrofinio gastrito audinyje, palyginti su kontroliniu 
audiniu, buvo pakitusi dviejų mikro RNR (hsa-miR-204-5p ir hsa-miR-215-
5p) raiška. Skrandžio vėžio audinyje, palyginti su atrofiniu gastritu nustatyta 
šių mikro RNR pakitusi raiška: hsa-miR-148a-5p, hsa-miR-204-5p, hsa-miR-
223-3p, hsa-miR-224-5p ir hsa-miR-335-3p. Neinvazyvios diagnostikos ver-
tinimui atlikta genų raiškos analizė mikro RNR lygyje pacientų sergančių 
skrandžio vėžiu kraujo plazmoje, palyginti su nesergančių ir buvo nustatyta 
trijų mikro RNR pakitusi raiška hsa-miR-148a-3p, hsa-miR-375 ir hsa-miR-
223-3p, tačiau jautrumo ir specifiškumo analizės metu nenustatytas jų tinka-
mumas diagnostikai. Iki šiol yra publikuota daug mikro RNR profiliavimo 
studijų, kuriose yra nustatyta pakitusi daugiau nei 300-tų genų raiška mikro 
RNR lygyje skrandžio vėžio atveju (Shrestha et al., 2014).  

Shrestha ir jo kolegų apžvalgoje pateikta, kad genų raiška mikro RNR 
(hsa-miR-148a-3p, hsa-miR-148a-5p, hsa-miR-204-5p, hsa-miR-375, hsa-
miR-142-3p, hsa-miR-215-5p, hsa-miR-223-3p, hsa-miR-224-5p ir hsa-miR-
335-3p) lygyje buvo pakitusi ta pačia kryptimi, kaip ir šioje studijoje. Tuo 
tarpu atrofinio gastrito atveju duomenų apie genų raišką mikro RNR lygyje 
nėra. Šioje studijoje nustatėme, kad sumažėjusi hsa-miR-148a-5p raiška yra 
susijusi su atrofiniu gastritu ir skrandžio vėžiu. Shui-Long Guo ir kt. nustatė, 
kad hsa-miR-148a slopinimas sumažino ląstelių proliferaciją skrandžio vėžio 
ląstelėse, tuo tarpu imitavimas didino [114]. Hsa-miR-204-5p raiškos slopini-
mas didino skrandžio vėžinių ląstelių proliferaciją in vitro [115]. Hsa-miR-
215 raiškos lygis koreliavo su naviko diferenciacijos laipsniu, stadija, meta-
stazėmis ir skrandžio vėžio vystumusi [67, 119]. Nustatyta, kad hsa-miR-223 
dalyvauja skirtinguose ląstelių procesuose, nuo ląstelės ciklo reguliavimo ir 
invazyvumo iki kraujodaros ląstelių diferenciacijos ir imuninių ląstelių 
funkcijos [117]. Hsa-miR-224 slopinimas sumažino vėžinių ląstelių augimą, 
migraciją, tuo tarpu imitavimas sukelė priešingą efektą. Be to, hsa-miR-224 
slopinimas mažino naviko ląstelių augimą in vivo [118]. Nustatyta, kad miR-
375 turi įtakos skrandžio ląstelių proliferacijai [119]. 

Svarbu pažymėti, kad šiame tyrime pirmą kartą buvo nustatyta, kad hsa-
miR-204-5p ir hsa-miR-215-5p yra susijusios su atrofiniu gastritu (AG). 
Ankstesniuose tyrimuose buvo nustatyta, kad šios mikro RNR susijusios su 
vėžiniais procesais, tačiau nėra atlikta tyrimų apie jų raiškos pokyčius užde-
giminiuose procesuose. Be to, tai pirmasis tyrimas, kuriame buvo nustatyta 
pakitusi hsa-miR-148a-5p, hsa-miR-204-5p, hsa-miR-224-5p ir hsa-miR-
335-3p genų raiška atrofinio gastrito audinyje, palyginti su skrandžio vėžio 
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audiniu, todėl jie gali būti panaudoti kaip ankstyvos diagnostikos žymenys. 
Nustatyta, kad hsa-miR-223-3p genų raiška buvo pakitusi AG ir skrandžio 
vėžio atveju [123]. Skrandžio vėžio tyrimuose didelis dėmesys skiriams nein-
vazinei ligos diagnostikai. Wang atlikęs meta-analizę nustatė, skrandžio vėžio 
atveju kraujyje cirkuliuojančių mikro RNR jautrumas siekė 0,75, o specifiš-
kumas – 0,81. Be to, plazmoje cikuliuojančių mikro RNR raiškos tyrimai 
buvo tikslesni, nei serume [76]. Kitų mokslininkų atliktuose kraujyje cirku-
liuojančių mikro RNR raiškos tyrimuose, skrandžio vėžio atveju, rezultatai 
yra prieštaringi [66, 90, 124]. Mes šiame tyrime nustatėme, kad skrandžio 
vėžiu sergančiųjų plazmoje, palyginti su nesergančių, trijų mikro RNR genų 
raiška (hsa-miR-148a-3p, hsa-miR-375 ir hsa-miR-223-3p) buvo pakitusi, be 
to, skrandžio vėžio audinyje, palyginti su atrofiniu gastritu mikro RNR hsa-
miR-148a-5p ir hsa-miR-223-3p genų raiška taip pat buvo pakitusi. Atlikus 
šių mikro RNR jautrumo ir specifiškumo analizę paaiškėjo, kad neivazinei 
ligos diagnostikai jos nėra tinkamos. Tikslinga atlikti mažųjų RNR sekoskai-
tos analizę, siekiant nustatyti plazmoje cirkuliuojančių mikro RNR tinkamu-
mą ankstyvai ir neivazinei ligų diagnostikai, nes tai yra tikslesnis tyrimo 
metodas, nei kiekybinės TL-PGR metodas, naudojant vienos mikro RNR 
pradmenis kiekvienai mikro RNR atskirai. 

III šios disertacijos studijoje atlikta mikro RNR genų taikinių eksperi-
mentinė analizė, naudojant mikro RNR inhibitorius ir imitatorius skrandžio 
vėžio ląstelėse AGS ir MKN-28. Hsa-miR-20b-5p slopinimas didino galimų 
genų taikinių IRF1, PTEN ir TXNIP raišką, o hsa-miR-451a-5p imitavimas 
sumažino galimo geno taikinio CAV1 raišką skrandžio vėžio ląstelėse AGS ir 
MKN-28. Hsa-miR-20b priklauso onkogeninių mikro RNR šeimai hsa-miR-17 
[122]. Atlikę tyrimą nustatėme, kad skrandžio vėžio ląstelėse AGS ir  
MKN-28, palyginti su kontroliniu audiniu, hsa-miR-20b-5p geno raiška buvo 
padidėjusi, be to, nustatėme, kad jos galimų genų taikinių IRF1, PTEN ir 
TXNIP raiška padidėjo po transfekcijos su šios mikro RNR inhibitoriumi 
praėjus 24 val. Tuo tarpu po transfekcijos praėjus 48 val., hsa-miR-20b-5p 
galimo geno taikinio TXNIP raiška padidėjo abiejose ląstelių linijose, o geno 
taikinio IRF1 raiška padidėjo tik ląstelėse AGS. Ankstesniuose tyrimuose 
nustatyta, kad hsa-miR-20b geno raiškos pokyčiai buvo susiję su kepenų 
[123] ir stemplės vėžiu [124]. Be to, nustatyti kiti šios mikro RNR genai 
taikiniai: MMP-2 [125], HIF1A [126], NFAT5 ir CAMTA1 [127], bei PTEN 
[128, 132–134].  

Nustatyta, kad TXNIP geno raiška buvo sumažėjusi storosios žarnos ir 
skrandžio vėžio audinyje, palyginti su šalia esančiu nepažeistu audiniu [131]. 
Kitose studijose nustatyta, kad TXNIP geno raiška galimai reguliuojama 
skirtingų mikro RNR (hsa-miR-33a [133], hsa-miR-20a [134], hsa-miR-17 
[135] ir kt.).  
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Genas IRF1 priklauso interferono transkripcijos reguliatorių šeimai 
(angl. interferon regulatory transcription factor family), nustatyta, skrandžio 
vėžio ląstelėse reguliuoja apoptozę ir slopina vėžinius procesus [136]. Kitoje 
studijoje nustatyta, kad sėklidės vėžiniame audinyje genas IRF1 yra galimas 
hsa-miR-383 taikinys [137]. Mes pirmieji nustatėme hsa-miR-20b geno raiš-
kos pokyčius skrandžio vėžio ląstelių linijose ir atradome šios mikro RNR 
galimus genus taikinius TXNIP ir PTEN. 

Nustatėme, kad hsa-miR-451a-5p geno raiška skrandžio vėžio ląstelėse 
AGS ir MKN-28 buvo sumažėjusi, kaip ir Riquelme ir kolegų atliktame 
tyrime. Be to, atlikę transfekciją hsa-miR-451a imitatoriumi nustatė, kad šios 
mikro RNR genas taikinys yra TSC1 [138]. 

Mes atlikę transfekciją hsa-miR-451a imitatoriumi nustatėme, kad 
galimo šios mikro RNR geno taikinio CAV1 raiška skrandžio vėžinėse ląste-
lėse AGS ir MKN-28 sumažėjo. Nustatyta, kad Kaveolino-1 baltymų šeima 
yra susijusi su tumorogeneze, o pakitusi CAV1 geno raiška nustatyta daugelio 
navikinių ligų atvejais: padidėjusi prostatos vėžinėse ląstelėse [140] ir kasos 
vėžio audinyje [141] ir sumažėjusi storosios žarnos [142], plaučių vėžio [143] 
ir kiaušidžių vėžio atveju [139]. 

Mes pirmieji nustatėme, kad hsa-miR-20b galimai reguliuoja CAV1 geno 
raišką. 

Tačiau reikėtų paminėti, kad potencialūs mikro RNR genai taikiniai 
turėtų būti patvirtinti naudojant Western bloto (imunobloto) metodą ir 
liuciferazės tyrimą. 
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Išvados 
1. Geno INSR (rs1051690) vieno nukleotido polimorfizmas buvo 

susijęs su skrandžio vėžiu. Tuo tarpu IL12B (rs1368439), CCND1 
(rs7177) ir IL10 (rs3024498) vieno nukleotido polimorfizmai su liga 
nebuvo susieti. 

2.1. Mikro RNR profiliavimo metu skrandžio vėžio audinyje, palyginti 
su kontroline grupe, nustatytos devynios pakitusios raiškos mikro 
RNR: hsa-miR-148a-3p, hsa-miR-148a-5p, hsa-miR-204-5p ir hsa-
miR-375 raiška buvo sumažėjusi, o hsa-miR-142-3p, hsa-miR-215-
5p, hsa-miR-223-3p, hsa-miR-224-5p ir hsa-miR-335-3p – padidė-
jusi. 

2.2. Mikro RNR profiliavimo metu atrofinio gastrito audinyje, palyginti 
su kontroline grupe, nustatyta sumažėjusi hsa-miR-204-5p ir padi-
dėjusi hsa-miR-215-5p raiška. 

2.3. Skrandžio vėžio audinyje palyginti su atrofiniu gastritu, nustatyta 
padidėjusi hsa-miR-223-3p, hsa-miR-224-5p ir hsa-miR-335-3p 
raiška, o hsa-miR-148a-5p, hsa-miR-204-5p – sumažėjusi. 

3. Skrandžio vėžiu sergančiųjų plazmoje, palyginti su kontroline grupe, 
nustatyta sumažėjusi hsa-miR-148a-3p, hsa-miR-375 raiška ir 
padidėjusi hsa-miR-223-3p raiška. Mikro RNR raiškos jautrumas ir 
specifiškumas buvo nepakankamas neinvazinei ligos diagnostikai. 

4. Hsa-miR-20b-5p slopinimas didino galimų genų taikinių IRF1, 
TXNIP ir PTEN raišką, o hsa-miR-451a-5p imitavimas sumažino 
galimo geno taikinio CAV1 raišką skrandžio vėžio ląstelėse AGS ir 
MKN-28. 
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SUPPLEMENTS 

Table 1. List of deregulated miRNAs determined by sRNA-seq in gastric 
cancer (n = 20) compared to normal gastric (n = 26) tissues (FDR adjusted 
p-value < 0.01 and fold change > 2).  

 miRNA ID Base Mean Direction of 
expression Fold Change p value 

1 hsa-miR-642a-3p 8.89 down 5.87 2.69 × 10-13 
2 hsa-miR-1224-5p 7.86 down 4.86 1.47 × 10-8 
3 hsa-miR-876-3p 1.02 down 4.86 0.000598 
4 hsa-miR-642a-5p 12.14 down 4.56 2.69 × 10-13 
5 hsa-miR-375 45,503.86 down 3.99 3.65 × 10-7 
6 hsa-miR-873-5p 70.94 down 3.86 1.38 × 10-5 
7 hsa-miR-873-3p 10.58 down 3.85 5.29 × 10-5 
8 hsa-miR-4521 6.53 down 3.82 2.42 × 10-6 
9 hsa-miR-148a-5p 1,728.98 down 3.82 3.49 × 10-11 

10 hsa-miR-3065-3p 21.31 down 3.65 6.82 × 10-11 
11 hsa-miR-129-1-3p 7.36 down 3.46 4.14 × 10-5 
12 hsa-miR-1179 4.41 down 3.46 5.78 × 10-5 
13 hsa-miR-1468-5p 81.91 down 3.44 1.54 × 10-12 
14 hsa-miR-1266-5p 10.34 down 3.42 3.95 × 10-11 
15 hsa-miR-625-3p 127.93 down 3.38 7.68 × 10-14 
16 hsa-miR-148a-3p 153,165.30 down 3.22 2.4 × 10-8 
17 hsa-miR-670-3p 6.21 down 3.15 0.000581 
18 hsa-miR-3065-5p 27.98 down 3.13 8.61 × 10-7 
19 hsa-miR-204-5p 662.33 down 3.12 0.000279 
20 hsa-miR-378b 8.18 down 2.97 1.3 × 10-7 
21 hsa-miR-1251-5p 2.19 down 2.73 0.008831 
22 hsa-miR-1295a 2.13 down 2.56 0.006836 
23 hsa-miR-203b-3p 29.80 down 2.55 1.48 × 10-5 
24 hsa-miR-4446-3p 2.57 down 2.44 0.006733 
25 hsa-miR-135a-5p 126.04 down 2.39 0.002762 
26 hsa-miR-2114-5p 3.26 down 2.37 0.008643 
27 hsa-miR-130b-5p 85.86 down 2.36 2.31 × 10-8 
28 hsa-miR-378c 1,423.24 down 2.26 9.62 × 10-9 
29 hsa-miR-429 6,414.37 down 2.24 0.000424 
30 hsa-miR-153-5p 4.50 down 2.22 0.005605 
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Table 1. Continued  

 miRNA ID Base Mean Direction of 
expression Fold Change p value 

31 hsa-miR-561-5p 169.72 down 2.17 2.3 × 10-6 
32 hsa-miR-551b-3p 35.32 down 2.12 0.000297 
33 hsa-miR-130b-3p 553.26 down 2.09 4.18 × 10-7 
34 hsa-miR-378d 582.11 down 2.06 1.48 × 10-5 
35 hsa-miR-203a 4,186.77 down 2.06 0.003719 
36 hsa-miR-629-3p 4.04 down 2.03 0.008496 
37 hsa-miR-200c-3p 7,574.98 down 2.02 0.005336 
38 hsa-miR-3934-5p 10.20 down 2.02 0.000291 
39 hsa-miR-10b-3p 10.30 up 2.01 0.000117 
40 hsa-miR-224-3p 5.75 up 2.05 0.001061 
41 hsa-miR-152-5p 12.24 up 2.10 0.000502 
42 hsa-miR-708-3p 44.62 up 2.11 0.002613 
43 hsa-miR-335-5p 366.65 up 2.12 5.05 × 10-5 
44 hsa-miR-199b-5p 2,064.29 up 2.13 4.69 × 10-8 
45 hsa-miR-1185-1-3p 6.50 up 2.16 0.000841 
46 hsa-miR-214-3p 251.87 up 2.19 1.59 × 10-6 
47 hsa-miR-181a-3p 247.43 up 2.20 1.48 × 10-9 
48 hsa-miR-218-5p 278.61 up 2.24 0.000195 
49 hsa-miR-143-5p 257.75 up 2.24 0.003789 
50 hsa-miR-10a-5p 135,330.60 up 2.24 1.28 × 10-7 
51 hsa-miR-146b-5p 8,861.17 up 2.27 8.28 × 10-5 
52 hsa-miR-584-5p 38.72 up 2.35 1.44 × 10-5 
53 hsa-miR-92a-1-5p 11.26 up 2.37 1.66 × 10-5 
54 hsa-miR-487a-3p 7.24 up 2.45 1.35 × 10-6 
55 hsa-miR-181b-3p 2.93 up 2.48 0.000977 
56 hsa-miR-199a-3p 21,650.41 up 2.51 2.05 × 10-11 
57 hsa-miR-199b-3p 10,795.71 up 2.51 2.05 × 10-11 
58 hsa-miR-380-3p 2.26 up 2.53 0.000343 
59 hsa-miR-499a-5p 13.83 up 2.63 5.19 × 10-7 
60 hsa-miR-34c-5p 48.55 up 2.66 6.17 × 10-6 
61 hsa-miR-199a-5p 3,848.21 up 2.68 2.85 × 10-13 
62 hsa-miR-618 3.32 up 2.71 0.004369 
63 hsa-miR-29b-1-5p 6.84 up 2.75 9.11 × 10-6 
64 hsa-miR-145-3p 2,313.02 up 2.79 3.72 × 10-5 
65 hsa-miR-214-5p 111.97 up 2.80 1.09 × 10-12 
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Table 1. Continued  

 miRNA ID Base Mean Direction of 
expression Fold Change p value 

66 hsa-miR-143-3p 567,160.44 up 2.81 8.26 × 10-5 
67 hsa-miR-5683 4.12 up 2.86 0.006006 
68 hsa-miR-10a-3p 84.49 up 2.91 2.42 × 10-11 
69 hsa-miR-483-3p 2.17 up 3.16 0.001784 
70 hsa-miR-431-5p 9.29 up 3.30 1.26 × 10-6 
71 hsa-miR-187-3p 5.99 up 3.32 0.005494 
72 hsa-miR-452-5p 77.91 up 3.36 2.69 × 10-13 
73 hsa-miR-615-3p 8.14 up 3.36 3.38 × 10-6 
74 hsa-miR-4661-5p 1.39 up 3.39 0.000775 
75 hsa-miR-135b-5p 84.04 up 3.40 1.58 × 10-5 
76 hsa-miR-135b-3p 4.02 up 3.59 9.13 × 10-5 
77 hsa-miR-4510 9.75 up 3.60 8.33 × 10-8 
78 hsa-miR-223-5p 15.87 up 3.61 1.16 × 10-6 
79 hsa-miR-125b-5p 7,254.51 up 3.66 6.82 × 10-11 
80 hsa-miR-100-5p 3,199.35 up 3.66 5.32 × 10-10 
81 hsa-miR-222-5p 2.44 up 3.69 3.81 × 10-6 
82 hsa-miR-1 4.18 up 4.00 0.001837 
83 hsa-miR-223-3p 1,440.64 up 4.01 1.06 × 10-6 
84 hsa-l*10t-7c-5p 2,611.21 up 4.05 5.23 × 10-11 
85 hsa-miR-371b-5p 1.28 up 4.05 0.00294 
86 hsa-miR-218-1-3p 0.37 up 4.11 0.006816 
87 hsa-miR-4485 4.08 up 4.34 9.12 × 10-5 
88 hsa-miR-184 2.71 up 4.59 0.001779 
89 hsa-miR-216a-3p 0.59 up 4.61 0.001888 
90 hsa-miR-125b-2-3p 300.98 up 4.70 2.35 × 10-10 
91 hsa-miR-23a-5p 11.98 up 4.70 1.2 × 10-9 
92 hsa-miR-6510-3p 1.07 up 4.75 0.001731 
93 hsa-miR-675-5p 0.44 up 4.85 0.003018 
94 hsa-miR-99a-3p 40.22 up 4.95 2.52 × 10-11 
95 hsa-miR-27a-5p 61.97 up 4.95 2.85 × 10-13 
96 hsa-miR-335-3p 391.85 up 4.96 5.23 × 10-11 
97 hsa-miR-216a-5p 3.56 up 5.01 0.000352 
98 hsa-miR-99a-5p 874.77 up 5.30 1.04 × 10-12 
99 hsa-miR-100-3p 19.24 up 5.60 2.69 × 10-13 
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Table 1. Continued  

 miRNA ID Base Mean Direction of 
expression Fold Change p value 

100 hsa-miR-1305 0.60 up 5.91 0.000502 
101 hsa-miR-125b-1-3p 83.99 up 6.06 2.85 × 10-13 
102 hsa-l*10t-7c-3p 2.95 up 6.64 1.19 × 10-8 
103 hsa-miR-224-5p 98.74 up 7.35 6.93 × 10-15 
104 hsa-miR-196b-3p 1.28 up 7.48 5.78 × 10-5 
105 hsa-miR-549a 0.88 up 10.09 2.42 × 10-6 
106 hsa-miR-196b-5p 76.47 up 11.98 2.18 × 10-10 
107 hsa-miR-196a-5p 128.15 up 16.16 1.09 × 10-12 
108 hsa-miR-552-5p 9.45 up 18.76 1.05 × 10-8 
109 hsa-miR-196a-3p 3.01 up 21.28 1.48 × 10-9 
110 hsa-miR-552-3p 9.88 up 31.66 4.64 × 10-12 

Table 2. List of deregulated miRNAs determined by sRNA-seq in adjusted 
gastric cancer (n = 20) compared to normal gastric (n = 26) tissues (FDR 
adjusted p-value < 0.01 and fold change >2).  

 miRNA ID Base Mean Direction of 
expression Fold Change p value 

1 hsa-miR-378g 130.99 down 5.88 0.00000000 
2 hsa-miR-4521 6.53 down 4.38 0.00002254 
3 hsa-miR-1224-5p 7.86 down 2.91 0.00141988 
4 hsa-miR-378i 36.22 down 2.56 0.00423695 
5 hsa-miR-6129 6.91 down 2.48 0.00149283 
6 hsa-miR-455-3p 121.31 down 2.22 0.00004504 
7 hsa-miR-203b-3p 29.80 down 2.11 0.00324285 
8 hsa-miR-27a-5p 61.97 up 2.05 0.00879307 
9 hsa-miR-422a 15.34 up 2.18 0.00164862 

10 hsa-miR-99a-5p 874.77 up 2.18 0.00679974 
11 hsa-miR-145-5p 5,478.47 up 2.34 0.00324285 
12 hsa-miR-125b-1-3p 83.99 up 2.50 0.00218292 
13 hsa-miR-504-5p 8.97 up 2.69 0.00071668 
14 hsa-miR-7704 8.62 up 2.70 0.00218292 
15 hsa-miR-143-3p 567,160.44 up 2.75 0.00058731 
16 hsa-miR-145-3p 2,313.02 up 2.92 0.00007685 
17 hsa-miR-4508 3.27 up 3.01 0.00319098 
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Table 2. Continued  

 miRNA ID Base Mean Direction of 
expression Fold Change p value 

18 hsa-miR-143-5p 257.75 up 3.05 0.00012332 
19 hsa-miR-3196 4.09 up 3.19 0.00929309 
20 hsa-miR-4485 4.08 up 3.23 0.00879307 
21 hsa-miR-6087 4.00 up 3.24 0.00324285 
22 hsa-miR-4492 30.48 up 3.25 0.00105693 
23 hsa-let-7c-3p 2.95 up 3.37 0.00352797 
24 hsa-miR-187-3p 5.99 up 3.95 0.00351760 
25 hsa-miR-7641 158.67 up 4.43 0.00324285 
26 hsa-miR-619-5p 6.91 up 6.79 0.00000000 
27 hsa-miR-552-3p 9.88 up 7.32 0.00068929 
28 hsa-miR-5096 9.03 up 7.39 0.00000000 
29 hsa-miR-196a-5p 128.15 up 7.47 0.00000414 
30 hsa-miR-3648 3.34 up 8.26 0.00003625 
31 hsa-miR-196b-5p 76.47 up 8.58 0.00000051 
32 hsa-miR-552-5p 9.45 up 9.22 0.00011093 

Table 3. List of deregulated miRNAs determined by sRNA-seq in atrophic 
gastritis (n = 18) compared to normal gastric (n = 26) tissues (FDR adjusted 
p-value < 0.01 and fold change > 2).  

 MiRNA ID Base Mean Direction of 
expression Fold Change p value 

1 hsa-miR-7641 158.67 down 9.80 1.99 × 10-6 
2 hsa-miR-3196 4.09 down 5.40 6.97 × 10-4 
3 hsa-miR-3687 4.83 down 3.92 2.25 × 10-3 
4 hsa-miR-1251-5p 2.19 down 3.54 3.54 × 10-3 
5 hsa-miR-6087 4.00 down 3.42 8.81 × 10-3 
6 hsa-miR-378i 36.22 down 3.02 8.35 × 10-4 
7 hsa-miR-204-5p 662.33 down 2.90 3.79 × 10-3 
8 hsa-miR-2114-3p 3.30 down 2.70 4.37 × 10-3 
9 hsa-miR-1468-5p 81.91 down 2.64 1.07 × 10-6 

10 hsa-miR-3065-5p 27.98 down 2.33 2.05 × 10-3 
11 hsa-miR-3065-3p 21.31 down 2.13 1.23 × 10-3 
12 hsa-miR-378g 130.99 up 2.16 6.97 × 10-4 
13 hsa-miR-142-3p 1,595.41 up 2.17 1.13 × 10-3 
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Table 3. Continued  

 MiRNA ID Base Mean Direction of 
expression Fold Change p value 

14 hsa-miR-215-5p 36,009.43 up 4.29 8.35 × 10-4 
15 hsa-miR-194-5p 6,574.73 up 4.64 1.39 × 10-4 
16 hsa-miR-196a-5p 128.15 up 5.11 6.97 × 10-4 
17 hsa-miR-215-3p 92.37 up 5.86 1.23 × 10-3 

Table 4. List of deregulated miRNAs determined by sRNA-seq in gastric 
cancer (n = 20) compared to atrophic gastritis (n = 18) tissues (FDR adjusted 
p-value < 0.01 and fold change > 2. 

 miRNA ID Base 
Mean 

Direction of 
expression Fold Change p value 

1 hsa-miR-802 25.63 down 5.52 0.001945 
2 hsa-miR-4521 6.53 down 4.97 5.87 × 10-8 
3 hsa-miR-378g 130.99 down 4.27 1.22 × 10-12 
4 hsa-miR-642a-3p 8.89 down 3.77 3.14 × 10-7 
5 hsa-miR-5189-3p 0.66 down 3.41 0.007108 
6 hsa-miR-642a-5p 12.14 down 3.28 8.97 × 10-8 
7 hsa-miR-138-1-3p 1.61 down 3.12 0.002086 
8 hsa-miR-1224-5p 7.86 down 3.11 0.000357 
9 hsa-miR-4724-5p 0.81 down 3.07 0.007514 

10 hsa-miR-5571-3p 13.15 down 3.00 0.000876 
11 hsa-miR-1266-5p 10.34 down 2.94 5.87 × 10-8 
12 hsa-miR-194-5p 6574.73 down 2.91 0.007439 
13 hsa-miR-625-3p 127.93 down 2.69 2.53 × 10-8 
14 hsa-miR-551b-3p 35.32 down 2.65 6.51 × 10-6 
15 hsa-miR-670-3p 6.21 down 2.61 0.009596 
16 hsa-miR-4446-3p 2.57 down 2.60 0.004939 
17 hsa-miR-1179 4.41 down 2.57 0.006589 
18 hsa-miR-9-3p 15.94 down 2.42 0.001964 
19 hsa-miR-148a-5p 1728.98 down 2.36 0.000267 
20 hsa-miR-138-5p 108.94 down 2.28 0.000589 
21 hsa-miR-3614-5p 14.10 down 2.09 0.006931 
22 hsa-miR-378b 8.18 down 2.02 0.002792 
23 hsa-miR-708-3p 44.62 up 2.07 0.008108 
24 hsa-miR-199b-5p 2064.29 up 2.08 1.11 × 10-6 
25 hsa-miR-511-5p 9.66 up 2.19 0.000666 
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Table 4. Continued 

 miRNA ID Base 
Mean 

Direction of 
expression Fold Change p value 

26 hsa-miR-34c-5p 48.55 up 2.19 0.001426 
27 hsa-miR-10a-3p 84.49 up 2.20 8.21 × 10-6 
28 hsa-miR-4510 9.75 up 2.21 0.002792 
29 hsa-miR-335-5p 366.65 up 2.24 6.12 × 10-5 
30 hsa-miR-1185-1-3p 6.50 up 2.26 0.000771 
31 hsa-miR-760 2.06 up 2.26 0.006748 
32 hsa-miR-199b-3p 10795.71 up 2.32 2.67 × 10-8 
33 hsa-miR-199a-3p 21650.41 up 2.32 2.67 × 10-8 
34 hsa-miR-145-3p 2313.02 up 2.33 0.002792 
35 hsa-miR-4697-3p 1.96 up 2.42 0.005499 
36 hsa-miR-378i 36.22 up 2.51 0.004402 
37 hsa-miR-452-5p 77.91 up 2.56 1.34 × 10-7 
38 hsa-miR-214-3p 251.87 up 2.57 6.2 × 10-8 
39 hsa-miR-199a-5p 3848.21 up 2.60 1.42 × 10-10 
40 hsa-let-7c-5p 2611.21 up 2.63 7.05 × 10-5 
41 hsa-miR-214-5p 111.97 up 2.63 9.59 × 10-10 
42 hsa-miR-487a-3p 7.24 up 2.65 2.17 × 10-7 
43 hsa-miR-584-5p 38.72 up 2.72 1.39 × 10-6 
44 hsa-miR-29b-1-5p 6.84 up 2.82 1.07 × 10-5 
45 hsa-miR-6500-3p 1.41 up 3.11 0.001348 
46 hsa-miR-100-5p 3199.35 up 3.16 5.53 × 10-7 
47 hsa-miR-125b-5p 7254.51 up 3.23 8.97 × 10-8 
48 hsa-miR-483-3p 2.17 up 3.32 0.001834 
49 hsa-miR-615-3p 8.14 up 3.39 9.21 × 10-6 
50 hsa-miR-365b-5p 1.81 up 3.40 0.001475 
51 hsa-miR-100-3p 19.24 up 3.42 9.42 × 10-7 
52 hsa-miR-3687 4.83 up 3.53 0.003001 
53 hsa-miR-196b-5p 76.47 up 3.64 0.005396 
54 hsa-miR-23a-5p 11.98 up 3.71 1.39 × 10-6 
55 hsa-miR-431-5p 9.29 up 3.78 2.66 × 10-7 
56 hsa-miR-335-3p 391.85 up 4.01 2.58 × 10-7 
57 hsa-miR-125b-2-3p 300.98 up 4.04 2.14 × 10-7 
58 hsa-miR-196b-3p 1.28 up 4.07 0.009293 
59 hsa-miR-99a-3p 40.22 up 4.09 7.45 × 10-8 
60 hsa-miR-184 2.71 up 4.27 0.005499 
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Table 4. Continued 

 miRNA ID Base 
Mean 

Direction of 
expression Fold Change p value 

61 hsa-miR-224-5p 98.74 up 4.41 7.45 × 10-8 
62 hsa-miR-1 4.18 up 4.47 0.001668 
63 hsa-miR-7641 158.67 up 4.60 0.002086 
64 hsa-miR-27a-5p 61.97 up 4.66 1.42 × 10-10 
65 hsa-miR-99a-5p 874.77 up 4.85 9.59 × 10-10 
66 hsa-miR-675-3p 1.65 up 5.06 0.001342 
67 hsa-miR-6510-3p 1.07 up 5.09 0.001765 
68 hsa-miR-125b-1-3p 83.99 up 5.12 1.69 × 10-9 
69 hsa-miR-549a 0.88 up 5.33 0.001131 
70 hsa-let-7c-3p 2.95 up 5.54 3.5 × 10-7 
71 hsa-miR-216a-5p 3.56 up 5.76 0.000267 
72 hsa-miR-663b 0.73 up 6.02 0.000679 
73 hsa-miR-4485 4.08 up 9.74 1.9 × 10-8 
74 hsa-miR-552-5p 9.45 up 9.81 3.02 × 10-5 
75 hsa-miR-552-3p 9.88 up 11.31 4.96 × 10-6 
76 hsa-miR-196a-3p 3.01 up 16.81 7.93 × 10-8 

Table 5. List of deregulated miRNAs determined by sRNA-seq in plasma if 
patients with gastric cancer (n = 2) compared to health patients (n = 2) (sum 
of read count > 5).  

 miRNA ID Mean Counts   miRNA ID Mean Counts 
1 hsa-miR-486-5p 41,309.3  15 hsa-miR-191-5p 526.5 
2 hsa-miR-92a-3p 9,419.3  16 hsa-miR-101-3p 481.7 
3 hsa-miR-16-5p 3,339.3  17 hsa-miR-107 406.3 
4 hsa-miR-22-3p 2,240  18 hsa-miR-30e-5p 388.2 
5 hsa-miR-26a-5p 2,179.8  19 hsa-miR-142-5p 371 
6 hsa-let-7a-5p 1,652.2  20 hsa-miR-15a-5p 362.3 
7 hsa-miR-451a 1,363.8  21 hsa-let-7i-5p 362 
8 hsa-let-7f-5p 1,304.2  22 hsa-miR-126-5p 359.3 
9 hsa-miR-181a-5p 1,261  23 hsa-miR-25-3p 334 

10 hsa-miR-103a-3p 1,104.7  24 hsa-miR-143-3p 323.7 
11 hsa-miR-423-5p 1,038.3  25 hsa-miR-10a-5p 284.2 
12 hsa-miR-30d-5p 762.8  26 hsa-miR-27b-3p 282.8 
13 hsa-miR-21-5p 651.8  27 hsa-miR-423-3p 272.8 
14 hsa-miR-10b-5p 548.2  28 hsa-miR-199a-3p 261.2 
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Table 5. Continued  
 miRNA ID Mean Counts   miRNA ID Mean Counts 

29 hsa-miR-27a-3p 240.8  64 hsa-miR-30b-5p 47.7 
30 hsa-miR-30c-5p 223.3  65 hsa-miR-130a-3p 47.3 
31 hsa-miR-151a-3p 197.2  66 hsa-miR-320b 47.2 
32 hsa-miR-192-5p 175.8  67 hsa-miR-92b-3p 46 
33 hsa-miR-148a-3p 162  68 hsa-miR-106b-3p 45 
34 hsa-miR-320a 154.7  69 hsa-miR-181b-5p 44.5 
35 hsa-miR-28-3p 150.5  70 hsa-miR-125a-5p 43.7 
36 hsa-miR-93-5p 133  71 hsa-miR-98-5p 41.2 
37 hsa-miR-199b-3p 130.3  72 hsa-miR-148b-3p 40.3 
38 hsa-let-7d-5p 129.8  73 hsa-miR-375 39.7 
39 hsa-miR-186-5p 129.5  74 hsa-miR-340-5p 38.5 
40 hsa-let-7b-5p 123  75 hsa-miR-144-5p 32 
41 hsa-miR-26b-5p 115.7  76 hsa-let-7d-3p 31.8 
42 hsa-let-7g-5p 110  77 hsa-miR-128-3p 30.8 
43 hsa-miR-126-3p 108.5  78 hsa-miR-1307-5p 30.5 
44 hsa-miR-151a-5p 106.5  79 hsa-miR-3615 29.7 
45 hsa-miR-744-5p 95.2  80 hsa-let-7e-5p 27.3 
46 hsa-miR-140-3p 92.3  81 hsa-miR-146b-5p 27.2 
47 hsa-miR-425-5p 87.8  82 hsa-miR-941 25.3 
48 hsa-miR-146a-5p 85.7  83 hsa-miR-29a-3p 24.3 
49 hsa-miR-19b-3p 85  84 hsa-miR-21-3p 23.5 
50 hsa-miR-150-5p 84.7  85 hsa-miR-363-3p 23 
51 hsa-miR-222-3p 81.7  86 hsa-miR-409-3p 22.8 
52 hsa-miR-30a-5p 78.3  87 hsa-miR-532-5p 21.3 
53 hsa-miR-486-3p 73.2  88 hsa-miR-23a-3p 21 
54 hsa-miR-378a-3p 70.7  89 hsa-miR-17-5p 20 
55 hsa-miR-484 58  90 hsa-miR-24-3p 19.3 
56 hsa-miR-221-3p 56.3  91 hsa-miR-1307-3p 19.3 
57 hsa-miR-223-3p 51.5  92 hsa-miR-142-3p 18.8 
58 hsa-miR-584-5p 50.5  93 hsa-miR-106b-5p 18 
59 hsa-miR-151b 50.3  94 hsa-miR-127-3p 17.5 
60 hsa-miR-182-5p 50  95 hsa-miR-133a-3p 17.3 
61 hsa-miR-16-2-3p 49.2  96 hsa-miR-181c-5p 15.8 
62 hsa-miR-122-5p 48.7  97 hsa-miR-99b-5p 15.5 
63 hsa-miR-144-3p 48.5  98 hsa-miR-29c-3p 14.7 
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Table 5. Continued  
 miRNA ID Mean Counts   miRNA ID Mean Counts 

99 hsa-miR-328-3p 14.3  118 hsa-miR-877-5p 9.7 
100 hsa-miR-30e-3p 13.7  119 hsa-miR-28-5p 9.5 
101 hsa-miR-660-5p 12.5  120 hsa-miR-342-3p 9.5 
102 hsa-miR-769-5p 12.2  121 hsa-miR-381-3p 8.7 
103 hsa-miR-199a-5p 12  122 hsa-miR-654-3p 8.5 
104 hsa-miR-130b-3p 12  123 hsa-miR-6852-5p 8.2 
105 hsa-miR-339-5p 12  124 hsa-miR-210-3p 7.8 
106 hsa-miR-215-5p 11.8  125 hsa-miR-361-3p 7.7 
107 hsa-miR-20a-5p 11.2  126 hsa-miR-4433b-5p 7.7 
108 hsa-miR-181a-2-3p 11.2  127 hsa-miR-155-5p 6.5 
109 hsa-miR-301a-3p 11.2  128 hsa-miR-1285-3p 6.3 
110 hsa-miR-335-5p 11.2  129 hsa-miR-4446-3p 6.3 
111 hsa-miR-421 10.5  130 hsa-miR-671-3p 6.2 
112 hsa-miR-15b-5p 10.3  131 hsa-miR-550a-3p 6 
113 hsa-miR-345-5p 10.3  132 hsa-miR-361-5p 5.5 
114 hsa-let-7c-5p 10.2  133 hsa-miR-320c 5.5 
115 hsa-miR-4732-3p 10.2  134 hsa-miR-197-3p 5.3 
116 hsa-miR-19a-3p 10  135 hsa-miR-125b-5p 5.3 
117 hsa-miR-339-3p 10  137 has-miR-410-3p 5.3 
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