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Abstract: In order to provide a new direction for the diagnosis and treatment of gastric cancer, the differentially
expressed blood-based miRNAs in gastric carcinoma were obtained and analyzed from the datasets
GSE113486, GSE112264 and GSE113740 by the SangerBox, the miRNA - target genes prediction, GO and KEGG
functional enrichment analyses with DAVID 6.8, and the STRING database with Cytoscape, respectively. The
correlation between the key miRNAs expression and the prognosis and diagnostic value of gastric cancer
patients were detected by survival prognosis and ROC curve. QRT-PCR was used to detect the possible key
miRNAs expression in human blood species. The dataset GSE108307 which shows the miRNAs affected by H.
pylori infection was analyzed by GEO2R. The expression level of CagA and the clinically used gastric cancer
markers were detected in human blood species for contrast. Five key blood-based miRNAs were determined,
including hsa-miR-124-3p, hsa-miR-125a-3p, hsa-miR-29b-3p, hsa-miR-4276, and hsa-miR-575.The detection in
human blood species as well as the cross analysis with H. pylori infection and clinically used markers expression
suggested the importance and efficacy of the specific miRNAs in the early diagnosis and monitoring of gastric
carcinoma. The study identified potential novel blood miRNA biomarkers of gastric cancer by bioinformatics
and human blood species detection, which may give a new possibility of the important biomarkers for the
diagnosis and prognosis of gastric cancer.

Keywords: gastric cancer; blood-based miRNAs; differentially expressed genes; biomarkers;
bioinformatics

1. Introduction

Gastric cancer is a kind of malignant tumors which organizes from the gastric mucosal
epithelium. There are more than 1,000,000 new patients suffering from gastric cancer every year. At
the same time, about 769,000 people lose their lives in 2021 due to it [1, 2]. Gastric cancer has been
bringing enormous mental and financial burden to individuals and the whole society. There is
progress on the early diagnosis and treatment of gastric cancer, however it is needed of breakthrough
on the new molecular mechanism of gastric carcinoma to achieve efficient, reliable and measurable
biomarkers.

MiRNA is a class of non-coding single-stranded RN A molecules of approximately 22 nucleotides
in length encoded by endogenous gene [3]. It plays an important role in the regulation of the post-
transcriptional gene expression in plants and animals [4]. MiRNA acts through base pairing with
complementary sequences within the mRNA molecule, resulting in silencing of these mRNA
molecules. This disorder of negative expression regulation is closely related to the most of
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tumorigenesis. In the past few years, manipulation of miRNA clusters expression is attempted for
diagnosis, treatment and prognosis in cancers [5].

As a common test material, blood is easy to obtain, easy to detect and minimally invasive. At the
same time, since the tumor microenvironment has a great influence on the carcinogenesis, invasion
and metastasis, the components in the blood might also affect the tumorigenesis. Therefore, the study
of miRNAs in blood may have great effect on the prediction and diagnose of tumors [6]. After
searching for the most cutting-edge data, we found that the research on differentially expressed
miRNAs in the blood of patients with gastric cancer is not perfect. Therefore, the study on
differentially expressed miRNAs in the gastric cancer patients' blood is promising to promote the
discovery of new tumor markers and determine new research directions.

In recent years, with the establishment of tumors databases, sequencing technology and
bioinformatics analysis have been widely used in the research of cancer at the molecular level [7].
Drug designed based on bioinformatics analysis is also emerging [8]. This provides new ideas and
tools for us to find out differentially expressed miRNAs from patients' blood samples and explore
their functional pathways that might affect gastric carcinoma. Therefore, this study searched for the
corresponding dataset through the GEO database [9]. Next the bioinformatics tools were used to
analyze the obtained data for screening out key miRN As which were predicted biological mechanism
through functional enrichment and protein network construction. The results were detected in
human blood species with analysis of patient prognosis and diagnostic value. These determined
crucial blood miRNAs and the corresponding target genes might become biomarkers for early
screening and diagnosis of gastric cancer. Helicobacter pylori (H. pylori) is recognized Class I
carcinogen by the World Health Organization/International Agency for Research on Cancer
(WHO/IARC). According to epidemiological statistics, H. pylori and its key virulence factor
Cytotoxin-associated gene A (CagA) are the main environmental factors in gastric carcinogenesis.
Thus the prediction results was checked by the relevance analysis with H. pylori infection and CagA
expression by the utilization of clinically used markers. The flow chart of the methods used in this
study is shown in Figure 1.
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Figure 1. Flow chart of the methods utilized in the present study.
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2. Results

2.1. The differentially expressed blood miRNAs in gastric carcinoma

The SangerBox was used to analyze the GSE113486, GSE112264 and GSE113740 data to screen
and obtain the abnormally expressed miRNAs in the blood of gastric cancer patients. The results
detected that in the chip GSE113486, compared with the normal controls, there were 2086 miRNAs
with statistically significant difference in the group of gastric cancer. Therein to raised miRNAs were
1784 and decreased miRNAs were 302 (Figure 2A). The most remarkably up-regulated 50 miRNAs
and down-regulated 50 miRNAs were shown in the Figure 2B. In the chip GSE112264, there were a
total of 2086 abnormal miRNAs in the blood of patients with gastric cancer that are statistically
significant, with an increase of 1831 and a decrease of 255 (Figure 2C). The 50 miRNAs with the most
significant up-regulation and down-regulation were shown in the Figure 2D. In the chip GSE113740,
compared with the normal blood of the control, there were 1482 abnormal miRNAs in the blood of
gastric cancer patients, which were statistically significant, with an increase of 1340 and a decrease of
142 (Figure 2E), of which the most significant up-regulation and down-regulation and the 50 miRNAs
were shown in the Figure 2F.

2.2. The prediction of target genes directly silenced by the most differentially expressed miRNAs and the
enrichment results of GO and KEGG

The RRA algorithm was used to find the top 10 up-regulated miRNAs and the top 10 down-
regulated miRNAs from the three chip datasets (Figure 3A). With the combination and comparison
of the predictions from Targetscan, Mirtarbase and miRDB, 691 over-expressed genes and 1074
down-regulated ones were obtained as the possible targets of the selected 20 miRNAs. GO and KEGG
enrichment analysis on differentially expressed genes by DAVID received the molecular functions,
cellular components, corresponding biological processes and signaling pathways of the target genes.
KEGG enrichment results showed that Endocytosis, Proteoglycans in cancer and
Glycosylphosphatidylinositol (GPI)-anchor biosynthesis were the main signaling pathways involved
in overexpressed target genes-related mechanism (Figure 3B). Up-regulated genes (targets of down-
regulated miRNAs) GO enrichment results suggested that the main biological processes included
autophagosomes maturation, regulation of mitochondrial membrane potential and folic acid
metabolic process. The corresponding main molecular functions included protein binding, metal ion
binding and RNA polymerase II core promoter proximal region sequence-specific DNA binding. The
cellular components included cytosol, cytoplasm and nucleus (Figure 3C). On the contrary, for the
down-regulated genes (targets of up-regulated miRNAs), the main involved biological processes
included regulation of transcription from RNA polymerase II promoter, platelet-derived growth
factor receptor signaling pathway and DNA-templated positive regulation of transcription. The main
molecular functions included protein binding, chromatin binding, transcriptional activator activity,
and RNA polymerase II core promoter proximal region sequence-specific binding. The cellular
components included nucleoplasm, nucleus and focal adhesion (Figure 3D). The signaling pathways
involved in down-expressed genes regulation were Focal adhesion, Prolactin signaling pathway,
PI3K-Akt signaling pathway and Focal adhesion (Figure 3E).
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Figure 2. The differentially expressed blood miRNAs in gastric carcinoma. (A) The differently
expressed miRNAs in the bloods of gastric cancer patients compared with the normal controls from
the dataset GSE113486. (B) The most significantly up-regulated 50 miRNAs and down-regulated 50
miRNAs in GSE113486. (C) The differently expressed miRNAs in the bloods of gastric cancer patients
compared with the normal controls from the dataset GSE112264. (D) The most significantly up-
regulated 50 miRNAs and down-regulated 50 miRNAs in GSE112264. (E) The differently expressed
miRNAs in the bloods of gastric cancer patients compared with the normal controls from the dataset

GSE113740. (F) The most significantly up-regulated 50 miRNAs and down-regulated 50 miRNAs in
GSE113740.
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Figure 3. The GO and KEGG enrichment results of target genes that were directly regulated by the
key blood miRNAs. (A) The highest-scoring up-regulated and down-regulated miRNAs obtained by
the RRA algorithm. (B) The main biological processes, molecular functions and cellular components
of down-regulated miRNAs and the corresponding up-regulated target genes. (C) KEGG- signaling
pathway enrichment results of down-regulated miRNAs and the corresponding up-regulated target
genes. (D) The main biological processes, molecular functions and cellular components of up-
regulated miRNAs and the corresponding down-regulated target genes. (E) KEGG- signaling
pathway enrichment results of up-regulated miRNAs and the corresponding down-regulated target
genes.

2.3. The analysis of the proteins interaction network and selection of the key blood miRNAs with the correlant
target genes

All the 20 most differently expressed blood miRNAs and the corresponding target genes were
analyzed in the STRING database (Figure 4A-C). The results of the PPI network were imported into
Cytoscape software for analysis. Then a total of 38 nodes were obtained which indicated that the 20
most differently expressed blood miRNAs were closely related to each other. And they were involved
in multiple signaling pathways which might play important roles in the tumorigenesis. At the same
time, the number of nodes in the up-regulated genes-encoded proteins network was 650. The number
of edges was 1571. The average node degree was 4.83. The average local clustering coefficient was
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0.337. And the enrichment P value was less than 0.0123. The number of nodes in the down-regulated
genes-encoded proteins network was 1007. The number of edges was 5171. The average node degree
was 10.3. The average local clustering coefficient was 0.308. And the enrichment P value is less than
1.0e-16. The results showed the data was reliable and can be used for further analysis.

Figure 4. The analysis of the proteins interaction network by STRING database. (A) The network of
all the 20 most differently expressed blood miRNAs and the corresponding target genes-coded
proteins. (B) The PPI of the up-regulated genes-encoded proteins. (C) The PPI of the down-regulated
genes-encoded proteins.

The number of occurrences of the blood miRNAs on the key nodes was obtained by Cytoscape
software, which determined the importance of the corresponding miRNAs (Table S1). The results
suggested the key blood miRNAs involved in the up-regulated ones were hsa-miR-124-3p and hsa-
miR-29b-3p, whereas in down-regulated ones were hsa-miR-125a-3p, hsa-miR-4276 and hsa-miR-575.
They could be the possible key miRNAs for the early diagnosis and treatment of gastric carcinoma.
The sub-network genes obtained in the PPI network, which might be the targets of the key miRNAs,
were involved in the survival analysis. The results showed there were 31 blood miRNAs-targeted
genes which were associated with gastric cancer (Table S2).

2.4. The key blood miRNAs with the correlant target genes were detected by the examination of the expression
levels in human blood species and the survival curve analysis.

The basic information of the patients who provided the blood samples and the correlation with
the expression of key miRNAs was shown in Table S3. The results of gRT-PCR which determined the
expression of selected key miRNAs in human blood species were shown in Figure 5. The survival
curves which suggested the correlation of selected miRNAs expression with the patient prognosis
were shown in Figure 6. The survival curves of the corresponding target genes with the patient
prognosis were shown in Figures S1 and S2. From the results, it was preliminarily found that the
significant up-regulation of hsa-miR-124-3p and hsa-miR-29b-3p as well as down-regulation of hsa-
miR-575 was closely related to the prognosis of gastric cancer patients (P < 0.05) in human blood
species. Whereas of hsa-miR-125a-3p and hsa-miR-4276, the expression in human blood species was
consistent with bioinformatics prediction results and inconsistent with the prognosis of gastric cancer
patients. At the same time, although the prognosis analysis suggested the expression of hsa-miR-4276
was insignificant with the patient survival rate (P > 0.05), the lower expression of hsa-miR-4276 had
a tendency to reduce the survival rate of patients. The prognosis analysis also identified that the
expression of most target genes was associated with the patient survival possibility. The expression
of the key miRNAs had nothing to do with the patients” age and gender (P > 0.05). All these results
determined that the prediction of bioinformatics could be useful for diagnosis, which might not be
completely consistent with the patients’ conditions. It will be necessary to use more patients blood
samples for testing and verification.
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Figure 5. The expression of key miRNAs in human blood species by qRT-PCR detection. (A) The
expression of hsa-miR-124-3p increased in the blood samples of gastric cancer patients (P < 0.01 vs.
normal). (B) The blood expression of hsa-miR-125a-3p decreased in the blood samples of gastric
cancer patients (P < 0.01 vs. normal). (C) The expression of hsa-miR-29b-3p increased in the blood
samples of gastric cancer patients (P < 0.05 vs. normal). (D) The expression of hsa-miR-4276 decreased
in the blood samples of gastric cancer patients (P < 0.01 vs. normal). (E) The expression of hsa-miR-
575 decreased in the blood samples of gastric cancer patients (P < 0.01 vs. normal).
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Figure 6. Survival analysis results of the key miRNAs. (A) Kapler-Meier Plotter analysis showed that
the high expression of hsa-miR-124-3p, which was predicted as an oncogene, significantly reduced
the survival rate of patients (P < 0.05). (B) The high expression of hsa-miR-125a-3p significantly
reduced the survival rate of patients (P < 0.01). (C) The high expression of hsa-miR-29b-3p
significantly reduced the survival rate of patients (P < 0.05). (D) The high expression of hsa-miR-4276
with tumor suppressive effect improved the survival rate of patients to a certain extent, but there was

no significant difference (P=0.063). (E) The high expression of hsa-miR-575 improved the survival rate
of patients significantly (P < 0.05).
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2.5. The diagnostic value of key blood miRNAs in patients with GC.

In order to further clarify the value of key blood miRNAs in the diagnosis of gastric carcinoma,
ROC analysis was conducted in an expression-dependent manner. The results showed that miR-124-
3p, miR-125-3p and miR-29b-3p could have the potential application in diagnosis, with AUC values
of 0.952, 0.812 and 0.824, respectively. The ROC value of the group to combine miR-124-3p, miR-125-
3p and miR-29b-3p could get to 0.975. Although the ROC value of hsa-miR-4276 and hsa-miR-575
were relatively low to 0.556 and 0.41, the results showed the model composed of the key miRNAs
was excellent in distinguishing patients with and without GC (Figure 7).
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Figure 7. The key miRNAs could have diagnostic value in gastric cancer determined by ROC analysis.
(A) The value of hsa-miR-124-3p area under the ROC curve (AUC) was 0.952, P <0.001. (B) The value
of hsa-miR-125a-3p AUC was 0.812, P <0.001. (C) The value of miR-29b-3p AUC was 0.824, P <0.001.
(D) The value of hsa-miR-4276 AUC was 0.556, P > 0.05. (D) The value of hsa-miR-575 AUC was 0.41,
P >0.05. (E) The value of (hsa-miR-124-3p + hsa-miR-125a-3p + miR-29b-3p) AUC was 0.975, P < 0.001.

The model was further verified in GSE108307 which invovled the miRNAs induced by H. pylori
infection. The cross verfification showed the up-regulated hsa-miR-29b-3p and down-regulated hsa-
miR-4276 could be found in the dataset (Figure 8A). CagA expression was examined in human blood
species using qRT-PCR. The result suggested that CagA was overexpressed in gastric caner patients
group compared with the normal (Figure 8B). The clinically used markers for pathological diagnosis
of gastric cancer and the key miRNAs were detected in the samples of gastric caner patients which
was divided into CagA-positive and CagA-negative groups. Compared with the clinically used
markers, the model composed of the key miRNAs gave accurate diagnosis which demostrated the
correlation between CagA-positive group and the expression of the key miRNAs (Figure 8C,D). In
conclusion, the five key miRNAs totally showed the diagnostic value in patients with GC by blood
samples check.


https://doi.org/10.20944/preprints202308.0543.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 August 2023 doi:10.20944/preprints202308.0543.v1

P=0.0471

[N
=3
1

-
a
1

}?’nlﬁ-ﬁb—. L

-
o
1

:
¢

Relative expression of CagA
n

(&-& &
o & &
D

C

Tumor marker levels <

o
<15 g 20
& g
. 5 -+
s - @ 15
510 =
] 4
* £ 10
$ £
x g o
o §s
£ g
20 E L
£ > © \]
& & & LA R
& & & & @8' &
&

Figure 8. The expression of key miRNAs in CagA-positive human blood species by qRT-PCR
detection. (A) The differently expressed miRNAs in H. pylori -infected gastric cancer patients
compared with the normal controls from the dataset GSE108307, including the key hsa-miR-29b-3p
and hsa-miR-4276. (B) The expression of CagA, the key virulence factor of H. pylori, was remarkably
overexpressed in human gastric cancer blood species compared with the normal controls (P < 0.05).
(C) The correlation between CagA expression and clinically used markers expression levels including
Ki67, E-Cadherin, CK19 and Her-2. (D) The correlation between CagA expression and key miRNAs

expression levels.

3. Discussion

In the research, GSE113486, GSE112264 and GSE113740 selected from the GEO database were
analyzed with the bioinformatics tools to get the key blood miRNAs in gastric carcinoma. RRA
analysis were performed to get the ranking of the corresponding miRNAs. Then the 20 most
differentially expressed blood miRNAs (10 up-regulated and the other 10 down-regulated) became
the aims to predict the target genes and the relative biological activities. There were 691 up-regulated
differentially expressed genes and 1074 down-regulated genes which might be directly silenced by
the 20 blood miRNAs. GO and KEGG enrichment analysis were proceeded on the differentially
expressed genes by DAVID. The results suggested the biological processes and the signaling
pathways in which the differentially expressed genes were mainly involved in this system. On this
basis, analysis of the target genes — encoded proteins with PPI network suggested five crucial blood
miRNAs which were hsa-miR-124-3p, hsa-miR-125a-3p, hsa-miR-29b-3p, hsa-miR-4276 and hsa-miR-
575. The results in human blood detection and survival curve analysis confirmed the important roles
of the key blood miRNAs in gastric carcinoma. ROC analysis and the cross validation with H. pylori-
induced miRNAs as well as the comparative study by the clinical used markers all suggested the key
miRNAs could be useful in gastric cancer diagnosis.

MiRNAs have been identified as a key regulator in complex biological processes, including the
pathogenesis of cancer [10]. Human cancers express the characteristics such as sustained proliferation
signals, activation of invasion and metastasis, angiogenesis, escape from immune destruction and so
on [11]. MiRNAs can be involved in the every feature and affect multiple signal pathways [12]. Blood
miRNAs are becoming one of the most useful biomarkers in the diagnosis and treatment of cancers
[13-16]. MiRNAs have the specific expression profile in different cancer cells and tissues which can
enter the circulation. Circulating free miRNA can be detected in blood, plasma and other body fluids.
Mature miRNAs are very stable in body fluids and have high specificity in different cancer states,
which determines miRNAs a potential non-invasive tumor marker. There have been some research
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on the blood miRNAs in gastric carcinoma, such as miR-210, miR-1, miR-20a, miR-34a, miR-423-5p,
and so on [17, 18]. In this research, with the bioinformatics tools, five new blood miRNAs, which were
hsa-miR-124-3p, hsa-miR-125a-3p, hsa-miR-29b-3p, hsa-miR-4276 and hsa-miR-575, might be the
potential targets in gastric carcinoma diagnosis and treatment. The key miRNAs and the relative
target genes were involved in the biological activities which are closely correlant to tumorigenesis.
For example, platelet-derived growth factor receptor signaling pathway and transcription RNA
polymerase II both play important roles in gastric carcinoma and development [19, 20]. Focal
adhesion and PI3K-Akt signaling pathway are closely related to the carcinogenesis [21, 22]. These
results detected the importance of the selected blood miRNAs in gastric carcinoma.

By tracing the upstream miRNAs of the target genes, the results of Cytoscape which screened
out key node genes from the PPI network showed the appearance frequency of hsa-miR-124-3p was
the highest in the key miRNAs. However, there was no clear conclusion about the relationship
between hsa-miR-124-3p and tumorigenesis in the miRbase database. A few research are beginning
to hint the potential role of miR-124-3p in tumorigenesis [23, 24]. Both the examination in human
blood species and the analysis of the survival curve suggested the correlation between hsa-miR-124-
3p and the gastric carcinogenesis. The further ROC analysis also suggested the importance of hsa-
miR-124-3p in gastric cancer diagnosis. In the predicted target genes of hsa-miR-124-3p, a number of
genes had a higher correlation with the prognosis of gastric cancer, such as ANXA5 and CAV1.
ANXAD5 is a member of the Annexin family and is involved in the tumorigenesis and development
of a variety of cancers [25], which plays the role on gastric cancer by regulating the ERK signal
pathway [26]. The low expression of CAV1 means decreased expression of E-cadherin, cell
morphology changes and an increase in the migration ability of gastric cancer cells [27]. Other
miRNAs, such as miR-6792-3p, can also be involved in gastric carcinogenesis by their inhibitory effect
on the target CAV1 [28]. So, it can be speculated that hsa-miR-124-3p may facilitate gastric carcinoma
by negatively regulating multiple downstream target genes in one network. At present, there are no
studies on the correlation between H. pylori infection and hsa-miR-124-3p. This study suggested the
up-regulation of hsa-miR-124-3p in CagA-positive gastric cancer patients’ blood samples. All the
results detected the value of hsa-miR-124-3p in gastric carcinogenesis and diagnosis.

It has been explored that hsa-miR-125a-3p could influence immunity and carcinogenesis by
regulating tumor-associated signal transduction pathway, such as the Hippo pathway [29]. In
addition, hsa-miR-125a-3p is related to the tumorigenesis of prostate cancer, colon cancer, and so on
[30]. However, the research of hsa-miR-125a-3p on gastric carcinoma is still few [31]. In this research,
the abnormal expression of hsa-miR-125a-3p was identified in the blood species of gastric cancer
patients. At the same time, the downstream target of hsa-miR-125a-3p was predicted as PR domain
zinc finger protein 1 (PRDM1) gene. PRDML1 is the protein involved in regulating the differentiation
of B cells and T cells, which plays an important role in immunosuppression [32]. Previous reports
have shown that PRDMI1 is associated with many kinds of cancers, such as adrenocortical cancer,
colon cancer, acute myeloid leukemia, brain cancer and lung cancer [33]. The expression of PRDM1in
non-germinal center B cell-like (non-GCB) patients was also associated with a worse prognosis [34].
In this research, PRDM1lalso showed its correlation with the survival possibility of gastric cancer
patients. There are no studies on the correlation between H. pylori infection and hsa-miR-125a-3p /
PRDMI1 until now. In this study, CagA induced the inhibition of hsa-miR-125a-3p which was
consistent with the down-regulation of hsa-miR-125a-3p in blood samples of GC patients. Therefore,
it may have high probability that hsa-miR-125a-3p is participating in the gastric carcinogenesis by
inhibiting the expression of PRDM1, which need in-depth research later.

Hsa-miR-29b-3p plays a key role in the tumorigenesis and metastatic of glioblastoma, colorectal
cancer, breast cancer and so on [35-37]. Hsa-miR-29b-3p can also regulate the expression of VEGFA
in pancreatic ductal adenocarcinoma [38]. The research also showed hsa-miR-29b-3p might act as one
of the important circulating microRNAs and have clinical value in endometrial cancer Regulation
[39]. In addition, as one of the important target genes of hsa-miR-29b-3p, activation of PER1 can
inhibit the progression of pancreatic cancer [40]. The GC blood check displayed the correlation
between circulating hsa-miR-29b-3p expression and gastric cancer prognosis and diagnostic.
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Although there is few studies about the role of hsa-miR-29b-3p in H. pylori infection, the
bioinformatics prediction suggested the importance of the miRNA and the negatively regulated
target genes in this process.

Hsa-miR-4276 is involved in lung epithelial cells resistance on influenza A infection by inducing
the expression of cytochrome c oxidase VIc [41]. There is few relevant research to prove that hsa-miR-
4276 is related to tumorigenesis, also with its target genes RNF217 and IP6K1. On the other hand,
among the key nodes obtained by Cytoscape, the number of downstream genes of hsa-miR-4276 was
24 times. This suggested that hsa-miR-4276 and its target genes might have a strong correlation with
gastric cancer. The result from patient blood check and the prediction from H. pylori - induced
miRNAs suggested this possibility. However, it need more in-depth exploration.

MSRB3 has been identified to be the key protein that can regulate the proliferation and migration
of gastric cancer cells which might be an effective marker to predict gastric cancer peritoneal
metastasis and poor prognosis [42, 43]. MSRB3 was predicted the target gene of hsa-miR-575 in this
research. It was also detected in blood check that hsa-miR-575 was differentially expressed in gastric
cancer and could be regulated by CagA. Hsa-miR-575 might has the trend correlated with the
prognosis of gastric cancer patients, which need more research to determine. The role of hsa-miR-575
which can negatively regulate MSRB3 in gastric carcinogenesis can be one of the targets of future
research.

In summary, all the research implied the accuracy and feasibility with the abnormal expression
level of the key miRNAs in blood for gastric cancer prevention, diagnosis and treatment. Through
bioinformatics analysis and check in human blood species, the model composed of hsa-miR-124-3p,
hsa-miR-125a-3p, hsa-miR-29b-3p, hsa-miR-4276 and hsa-miR-575 could be involved in gastric
carcinoma and used as circulating markers. The blood miRNAs may become new biomarkers for the
early diagnosis of gastric cancer. More research is needed in the future to further confirm the
mechanism and biological activities of the five key miRNAs in gastric carcinoma for better utilization.

4. Materials and Methods

4.1. Data selection

GEO (https://www.ncbinlm.nih.gov/geo/) is built by the National Center for Biotechnology
Information (NCBI) which contains high-throughput gene expression data submitted by the scientific
researchers around the world. The database was scanned with the keywords "gastric cancer", "blood",
"human" and "miRNA". GSE113486, GSE112264 and GSE113740 were confirmed as the most suitable
datasets. The datasets contain 115 cases of gastric cancer samples and 151 cases of normal samples.
GSE108307 was used to show the miRNAs affected by H. pylori infection.

4.2. Preliminary screening of differentially expressed miRNAs and predicted target genes

SangerBox is one of the biometric analysis platforms based on R language
(http://sangerbox.com). Using the GEO convenience converter in SangerBox, the sample files were
carried on differential analysis by DECenter. Then its network tool library was used to execute RRA
analysis. Thus 20 miRNAs which showed the most significant changes in the gastric cancer group
compared with the normal were screened out as the research targets (10 up-regulated and 10 down-
regulated, respectively). Targetscan (http://www.targetscan.org/), miRDB (http://mirdb.org/) and
mirtarbase (http://mirtarbase.mbc.nctu.edu.tw) are the three websites for online prediction of the
miRNA’s possible target genes.

4.3. Functional envichment of differentially expressed genes

DAVID6.8 (https://david.ncifcrf.gov/) is one of widely used bioinformatics databases that can
provide systematic and comprehensive information for large-scale genes or proteins lists. In this
research, it was used to proceed GO and KEGG enrichment analysis on differentially expressed genes
and relative signal pathways that might play key roles in gastric carcinoma, which provided a rough

doi:10.20944/preprints202308.0543.v1
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understanding of the relevant molecular mechanisms. The P <0.05 and gene counts > 2 were rated to
be statistically significant.

4.4. Protein-protein interaction network (PPI network )

PPI network is composed of individual proteins through their interactions. The study of PPI
network can help to understand the functional links among proteins and to obtain the core regulators.
String (https://string-db.org) is one of the proteins interaction databases with the most exhaustive
species and the most comprehensive interaction information. After obtaining the PPI network of 20
differentially expressed genes, the important sub-network and the corresponding genes were
analyzed with the MCODE plug-in clustering function module of Cytoscape (version 3.6.1). The
minimum score required for interaction is medium confidence (0.400).

4.5. Selection and survival curve analysis of the key miRNAs and relative target genes

It was to cluster the sub-network nodes of the PPI network, and sort the most important genes
which were negatively regulated by the corresponding key miRNAs. The occurrence number of a
miRNA was used to decide whether it should be regarded as the key one in the research. ONCOLNC
and GEPIA are the two tools that can interactively explore survival dependencies. In this study, the
correlation between the key nodal genes and the survival rate of gastric cancer patients was analyzed
with ONCOLNC and GEPIA. The survival curves of the key miRNAs and the target genes were
examined by the Kapler-Meier Plotter online tools (https://kmplot.com/analysis/) to determine the
influence of their expression level on the prognosis of gastric cancer patients. The significance was
defined as a P value of <<0.05.

4.6. The human blood species and gRT-PCR determination

The human blood species were collected from Xiajin County People's Hospital, Dezhou,
Shandong Province. They were divided into two groups: one control group (n=17) which came from
randomly selected normal volunteers, and the other experimental group (n=29) which came from
patients who were newly diagnosed with gastric cancer without any treatment. The gender, age,
lymph node metastasis and gastric cancer marker expression were all derived from the pathological
examination reports of patients. This research has been approved by the Ethics Committee of
Shandong University School of Basic Medical Sciences.

Total RNA was extracted using Invitrogen TRIzol (Thermo Fisher SCIENTIFIC, Code: 15596018).
For miRNA quantification, the synthesis of cDNA was performed using Evo M-MLV RT Kit for gPCR
(Accurate Biology, Code: AG11707). The qPCR primers of miR-575, miR-125a-3p, miR-124-3p, miR-
4276 and miR-29b-3p were designed and synthesized with the Bulge-Loop miRNA gRT-PCR Primer
sets (RIBOBIO, Code: MQPSCMO001). Real-time PCR was carried on with SYBR Green Premix Pro Taq
HS qPCR Kit (Accurate Biology, Code: AG11701) on a Bio-Rad CFX-96 real-time system. U6 was
detected as the internal control. CagA expression was determined with the primers forward: 5'-
CAAGTCCGTGGGCATCATGT-3’and reverse: 5-GAGGACACTCGGTCTCTAGC-3". All qRT-PCR
reactions were conducted in triplicates, and relative quantification was calculated by the 2-AACt
method (95% confidence interval) with calibration to the corresponding control. The expression data
were analyzed with a Student’s t-test. The P < 0.05 was considered significant difference in statistics.

4.7. ROC analysis

The expression data of key miRNAs were used to construct the ROC curves by software SPSS
26.0 with area under the curve (AUC) values as the diagnosis value indicator. The P < 0.05 was
considered to be statistically significant.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: Survival analysis results of the target genes regulated by the key hsa-
miR-124-3p; Figure S2. Survival analysis results of the target genes regulated by the key miRNAs; Table S1. The
most differentially expressed blood miRNAs in gastric carcinoma; Table S2. The key blood miRNAs-targeted
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genes in gastric cancer; Table S3. The correlation between key miRNAs expression and the age and gender of
gastric cancer patients providing blood species.
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