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ABSTRACT

Gastric cancer is a highly malignant disease with complex pathogenic mechanisms, and has high incidence and
mortality rate. At present, the diagnosis of gastric cancer mainly includes gastroscopy, serum analysis and needle
biopsy, and the treatment methods include conventional surgical resection, radiotherapy and chemotherapy. Yet,
some limitations were involved in these diagnostic and therapeutic methods, so accurate targeted therapy has
received considerable attention. MicroRNAs (miRNAs) are non-coding RNA that can interact with the 3-terminal
non-translational region of the target gene mRNA to reduce the expression of the target gene, participate in the
regulation of multiple signaling pathways, and play an important role in life activities of the cell. More and more
studies have shown that miRNAs can participate in the formation and development of cancer, and many abnor-
mally expressed miRNAs in gastric cancer cells are considered to be potential targets for clinical diagnosis and
treatment of gastric cancer. This paper summarizes research progress of miRNAs in gastric cancer, and aims
to provide new ideas for the diagnosis and treatment of gastric cancer.
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1 Introduction

As one of the five most common malignant tumors in the world, gastric cancer has a high incidence and
fatality rate. According to GLOBOCAN statistics, the number of new cases of gastric cancer reached
783,000 as of year 2018 [1]. Gastric cancer is one of the important causes of cancer-related deaths in
some Asian countries, and its incidence in these regions has shown an upward trend year by year [2].
Although the overall medical level of the world continues to improve, and various diagnosis and
treatment methods for gastric cancer are constantly improving and perfecting, the incidence and mortality
of gastric cancer in various countries still remain high. Studies have shown that Helicobacter pylori
infection in the gastrointestinal tract, long-term excessive intake of nitrite, and obesity are all considered
to promote the formation and development of gastric cancer to a large extent [3–6]. The pathogenesis of
gastric cancer is rather complicated, and the causes are various. A large number of studies have
confirmed that the formation and development of gastric cancer are closely related to changes in the
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activity of multiple signaling pathways in cells, changes in the expression levels of factors such as protein
and non-coding RNA, and changes in epigenetic modifications of certain intracellular factors. These
changes further induce the deterioration of normal cells, cancer formation with immortal proliferation
capacity, high invasiveness and metastasis capacity, and ultimately lead to the loss of organ function.
Currently, physical examination, blood chemistry test, gastroscopy, acupuncture biopsy and other
diagnostic methods are mainly used to differentiate, locate and stage the patient’s pathological tissue in
clinic; the patient’s condition is intervened by conventional means such as surgical resection, radiotherapy
and chemotherapy [7–10]. Yet, gastric cancer patients cannot be completely cured, which leads to a
generally low survival rate for gastric cancer worldwide. For this reason, the research focus on the
treatment of gastric cancer has gradually shifted from traditional methods to targeted therapies
concentrating on the discovery and use of precise biomarkers. miRNA is a kind of non-coding RNA in
cells, which can participate in a variety of cell life activities. As the research on cancers deepens,
miRNAs have been proved to be closely related to the formation and development of cancer. As a result,
miRNA targeted therapy is also considered to be a new direction for cancer treatment. This paper
summarizes the research status of miRNA in the diagnosis and treatment of gastric cancer, with a aim to
propose new ideas for the treatment of gastric cancer.

2 miRNA Overview

MicroRNAs (miRNAs) are single-stranded non-coding RNAs with a small molecular weight in cells,
usually only about 19-23bp in mammalian cells. Initially, miRNA is usually transcribed by RNA
polymerase II or III to form primary miRNA (Pri-miRNA), and the primary RNA is cleaved by the
Drosha/DGCR8 complex to form precursor miRNAs (pre-miRNAs) with a hairpin structure [11];
Subsequently, the pre-miRNAs will be transported from the nucleus to the cytoplasm by the Exportin5-
Ran-GTP complex, and the Dicer enzyme that binds to the binding protein TRBP on the double-stranded
RNA will cleave the pre-miRNA to the length of the mature miRNA [11]; Eventually, double-stranded
miRNAs will form RNA-induced silencing complexes (RISCs) with AGO2, in which one single strand of
miRNAs will be separated from RISCs and be degraded immediately, while the other single strand will
be combined with target mRNAs along with the RISCs complex [11]. By complementing the 3’-UTR of
the target mRNA, miRNA inhibits the translation process of the protein, and then participates in the
process of cell proliferation, differentiation and apoptosis, and has an important impact on the life
activities of cells [12–14].

3 miRNA is Involved in the Formation and Development of Gastric Cancer

Extensive studies have demonstrated that the expression levels of certain miRNAs in gastric cancer cells
are quite different from those in normal cells. miRNA can participate in a variety of signal transduction,
therefore, the abnormal expression of some miRNAs can activate or inhibit the expression of a variety of
oncogenes, participate in the regulation of cell proliferation, invasion, metastasis and apoptosis, and play a
role in the formation and development of cancer [15–17]. Ye et al. [18] found in the study that miR-7 is
significantly low-expressed in gastric cancer cells. The lack of miR-7 can cause abnormal activation of p65-
mediated NF-κB signaling pathway, and miR-7 can target to inhibit the expression of p65 and p65 of
phosphoric acid, consequently inhibiting the proliferation and migration of gastric cancer cells by inhibiting
the expression of NF-κB and its downstream factors VEGF, MMP-2, MMP-9, ICAM-1 and VCAM-1.
Wang et al. [19] found that miR-575 is over-expressed in gastric cancer cell lines such as BGC823,
GC9811, SGC-7901, MGC-803 and NCI-N87, and miR-575 can promote the progression of gastric cancer
by targeting the PTEN signaling pathway. And knocking down miR-575 can significantly inhibit the
proliferation of gastric cancer cells and promote the apoptosis of gastric cancer cells. Xu et al. [20] found in
the study that miR-122-5p is significantly lower-expressed in gastric cancer cell lines such as BCG-823,
SGC-7901, MGC-803 and HGC-27, while over-expression of miR-122-5p can inhibit the proliferation,
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migration and invasion of gastric cancer cells by reducing the expression level of DUSP4 in cells. These studies
suggest that miRNAs are closely related to the formation and development of gastric cancer.

4 miRNA Serves as a Diagnostic Marker for Gastric Cancer

Endoscopic biopsy and histopathological evaluation are the gold standard of gastric cancer diagnostics,
but it is difficult to implement in routine screening on a population basis, particularly for asymptomatic
individuals. Serum tumor markers, such as carcinoembryonic antigen (CEA), cancer antigen 19-9
(CA19-9) and cancer antigen 72-4 (CA72-4), have been developed as a clinical method for the diagnosis
of gastric cancer. However, the sensitivity and specificity of these markers are not high. In addition,
serum tumor markers may useful for monitor patients after surgery since positive conversion of tumor
markers normally occurs 2 or 3 months before imaging abnormalities. However, serum markers can not
be used to predict early cancer. MiRNAs are abnormally expressed in tumor tissues and body fluids of
patients with gastric cancer. Since detection of miRNAs in plasma, serum, urine, and gastric juice can be
used for diagnosis, multiple studies evaluated the performance of diagnostic miRNAs in body fluids.
Several miRNAs exhibited values in diagnosis, recurrence monitoring and/or clinical staging. The degree
of malignancy and clinical stage of the tumor have a strong correlation with the survival and prognosis of
patients. Therefore, early diagnosis is of great significance to the survival and prognosis of patients. With
the development of technology, many studies have used miRNA microarray technology to detect the
expression level of miRNA in pathological tissues of gastric cancer patients, so as to obtain the
differential expression map of miRNA in gastric cancer tissues. Hwang et al. [21] detected the changes in
the expression of 132 miRNAs in the miRNA microarray analysis in 24 samples of gastric cancer
patients (7 cases of early gastric cancer, 3 cases of high-grade dysplastic adenoma, 4 cases of low-grade
dysplastic adenoma, and 10 cases of paracancerous tissue), of which 42 miRNAs have significant
abnormal expressions in the diseased tissues of patients with early gastric cancer. Among these miRNAs,
the expression levels of miR-200C and miR-29a in gastric cancer tissues of patients were significantly
lower than those of normal gastric mucosal tissues, while miR-601, mir-107, miR-18a, miR-370,
miR-300 and miR-96 increased significantly. And in subsequent further screening using RT-qPCR,
5 representative miRNAs were obtained as markers of early gastric cancer. Liu et al. [22] selected lesion
specimens of 15 patients from 40 gastric cancer patients admitted to the Shanghai Cancer Center of
Fudan University, and used microRNAs arrays to identify 2006 differentially expressed miRNAs
(302 highly expressed miRNAs and 1704 lowly expressed miRNAs). In addition, he further screened out
6 significantly abnormally expressed miRNA (miR-16-2-3p, miR-340-5p, miR-338-3p, miR-142-3p,
miR-142-5p and miR-582-5p) through RT-PCR, and finally confirmed that miR-338-3p and miR-142-3p
can be used as biomarkers for patients with advanced gastric cancer. These studies show that the
expression levels of certain miRNAs have specificity in different stages of gastric cancer tissues, have the
potential as gastric cancer markers, and have great application value in the diagnosis of different stages.

Helicobacter pylori infection is also one of the main causes of gastric cancer, and studies have confirmed
that the mechanism of Helicobacter pylori inducing gastric cancer is closely related to certain miRNAs.
Chang et al. [23] compared the miRNA differential expression profiles of the adjacent and pathological
tissues of gastric cancer patients through miRNA microarrays and found that there are about
219 miRNAs in gastric cancer tissues of H. pylori positive and negative patients with significant
differential expression. And among them, miR-99b-3p, miR-564 and miR-638 were significantly up-
regulated in the cancer tissues of Helicobacter pylori-positive patients, while miR-204-5p, miR-338-5p,
miR-375 and miR-548c-3p were significantly up-regulated in the pathological tissues of Helicobacter
pylori-negative patients, which suggests that Helicobacter pylori-positive and negative gastric cancer may
have different pathogenesis. Lee et al. [24] revealed that there are 156 significantly differentially
expressed miRNAs in the positive and negative noncancerous gastric mucosa of Pylori. For the negative
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normal gastric mucosa, the expression of miR-135b-5p, mir-196-5p and miR-145-5p is significantly
dysregulated, while the expression of miR-18a-5p, miR-135b-5p and miR-196a-5p in gastric cancer
tissues is significantly dysregulated compared to the positive normal gastric mucosa. Therefore, it is
concluded that there are certain differences in the pathogenesis of Helicobacter pylori positive and
negative gastric cancer. Rai et al. [25] analyzed cancer and adjacent tissues in 40 cases of gastric cancer
patients and found that compared with Helicobacter pylori-negative tissues, tumor-promoting factors
miRNA-223 and miR-221 in cancer tissues and adjacent tissues infected with Helicobacter pylori showed
significant high expression, and it is speculated that the abnormal expression of miR-223 and
miR-221 may be related to the carcinogenicity of Helicobacter pylori. In addition, the abnormal
expression profile of miRNA can not only be obtained by detecting gastric cancer tissues, but also by
non-invasive methods to detect patients’ peripheral blood, gastric juice and urine, so as to achieve rapid
and accurate screening for early gastric cancer [26–28]. Therefore, miRNA has broad application
prospects in cancer diagnosis, clinical staging and tumor development prediction.

5 miRNA Serves as a Therapeutic Target for Gastric Cancer

miRNAs play a vital role in cell life activities and can participate in almost all intracellular signal pathway
regulation. Therefore, taking miRNAs as targets, by intervening in the expression levels and epigenetic
modifications of some key miRNAs, can play a positive role in the treatment of cancer. Currently, studies
on miRNA targeting anticancer use miRNA inhibitors or mimics to interfere or promote the expression of
target miRNAs in cancer cells, thereby inhibiting the proliferation, migration and invasion of cancer cells
by affecting the activity of multiple signaling pathways. Xiao et al. [29] found that miR-340 can bind to the
3’-UTR end of SOCS3 gene mRNA to inhibit its expression in cancer cells, and then participate in the
regulation of life activities such as proliferation, migration and apoptosis of gastric cancer cells by
inactivating the JAK-STAT signaling pathway. And Dong et al. [30] found that miR-101 can target to
inhibit the expression of Nrf2, and up-regulating the expression of miR-101 in gastric cancer cell lines can
inhibit the activity of the Nrf2/ARE signaling pathway, thereby effectively inhibiting the proliferation of
gastric cancer cells, and promoting its apoptosis. These studies show that the intervention of some key
miRNAs can effectively kill cancer cells, so as to achieve the purpose of cancer treatment.

Radiotherapy, chemotherapy and surgical resection are currently the main methods of treatment of
tumors, and drug resistance is one of the main reasons affecting the treatment [31–33]. A large number of
studies have shown that the resistance of cancer cells to chemotherapy drugs is related to certain
miRNAs, and changing the expression level of these miRNAs can significantly improve the killing effect
of chemotherapy drugs on cancer cells. miRNA can interfere with the autophagy and other signal
pathways of cancer cells by regulating the expression levels of its downstream genes, and weaken the
resistance of tumors to drugs. Therefore, miRNA targeted therapy may provide a new strategy for
overcoming the drug resistance of cancer cells. Zhang et al. [34] found that miR-99a and miR-491 can
promote the resistance of gastric cancer drug-resistant cell lines to cisplatin by targeted inhibiting the
expression of CAPNS1. Xu et al. [35] revealed that miR-494 is low expressed in gastric cancer tissues,
and up-regulation of miR-494 can increase the sensitivity of gastric cancer cells to TRAIL by targeted
inhibiting the expression of survivin, and promote TRAIL to induce decrease of cancer cell mitochondrial
membranes potential, release of cytochrome C and AIF, interaction of apaf-1 and caspase-9, and
activation of caspase-9 and caspase-3, and finally induce apoptosis of gastric cancer cells. Cao et al. [36]
found that miR-129 is low-expressed in gastric cancer cells, and up-regulation of miR-129 can inhibit
MAPK3 expression to reduce gastric cancer cell resistance to cisplatin, and promote cancer cell
apoptosis. These studies suggest that certain miRNAs can be used as potential targets to reduce the
sensitivity of gastric cancer cells to chemotherapy drugs, thereby improving the therapeutic effect of
clinical interventions (Tab. 1).
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6 Summary

As an important factor in cell life activities, miRNA is closely related to the formation and development
of gastric cancer. Regulating the expression and epigenetic modification of some miRNAs in cancer cells has
a positive effect on the diagnosis and treatment of gastric cancer. Although the regulatory role of multiple
miRNAs in gastric cancer has been widely reported, the understanding of the regulatory mechanism of
miRNAs involved in the formation and development of gastric cancer still remains limited due to the
complexity of the cancer itself and the diversity of miRNA types. Moreover, although many current
studies have confirmed that by interfering with the expression of certain miRNAs in cancer cells and their
epigenetic modification, they can effectively kill cancer cells and obtain satisfactory anti-cancer effects,
the application value of miRNAs as biomarkers and therapeutic targets for clinical diagnosis and its
safety still need further research. As research continues to deepen coupled with the experience gained
from the past, miRNA targeted therapy may be widely used in the diagnosis and treatment of gastric
cancer in the future.
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