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Abstract
Aim: Gastric mucosal changes associated with chronic gastritis are known to be pre-
cancerous lesions of gastric cancer. We aimed to identify individuals with a high risk of 
gastric cancer by detection of microRNAs (miRNA) in the blood as biomarkers.
Methods: Of 1206 individuals screened, 144 who were positive for Helicobacter pylori 
(H. pylori) by the serum antibody test and who underwent endoscopy were the sub-
jects of this study. For the gross assessment of mucosal inflammation, we applied the 
Kimura–Takemoto classification, in which normal mucosa was defined as grade 0, and 
atrophy was categorized as grade 1 (C-1 and C-2), grade 2 (C-3 and O-1), and grade 
3 (O-2 and O-3). Serum samples were divided into two phases and used for miRNA 
microarray profiling. We compared the expression of miRNAs in grade 3 mucosa and 
other grades. Expression in gastric cancer was confirmed with TCGA data.
Results: miR-196b-3p was significantly upregulated, and miR-92a-2-5p was downregu-
lated (P < .05 and q < 0.2). TCGA data showed a high expression of miR-196b-3p in 
gastric cancer cases (P < .001). Comparing grade 3 and the others, the area under 
the receiver operating characteristic curve using the detected miRNAs was as high 
as about 0.7. Furthermore, the combination of miRNAs resulted in higher accuracy. 
In terms of the significance of the combinatory mRNAs, the combination of three 
miRNAs (miR-196b-3p, miR-92a-2-5p, and miR-6791-3p) revealed high sensitivity and 
specificity, with the area under the curve exceeding 0.8.
Conclusion: The identified combinatory miRNAs may represent promising biomarkers 
of precancerous lesions in gastric cancer.
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1  |  INTRODUC TION

Gastric cancer (GC) is one of the essential cancers globally, with 
more than 1 million new cases and an estimated 783 000 deaths in 
2018.1 Helicobacter pylori (H. pylori) is the leading risk factor for GC, 
with almost 90% of new cases attributed to this organism.2 GC is 
often detected in an advanced stage because it lacks characteristic 
markers and symptoms. The 5-y survival rate is 81.6% for Stage I, 
59.3% for Stage II, 39.6% for Stage III, and 8.0% for Stage IV.3 Thus, 
if we could detect GC at a much earlier stage, we could improve its 
prognosis and provide patients with curable treatment with mini-
mally invasive surgery, such as endoscopic mucosal resection.

In countries with a high prevalence of GC, such as Japan, China, 
and Korea, screening is commonly performed. Endoscopy and gas-
tric fluoroscopy are the two most common methods; endoscopy is 
reported to be more sensitive,4 and it reduces the cancer mortality 
rate.5 As for the GC diagnosis, current medical practice requires ob-
servation by endoscopy and pathologic diagnosis by tissue biopsy. 
Although the risks associated with endoscopy are lower than in 
the past, it is still a painful and invasive test that requires the doc-
umented consent of the patient. The risk of severe complications, 
such as bleeding, perforation, and infection was 0.78% in the past 3 y 
in Japan, which is very low.6 Almost no deaths were associated with 
endoscopy; unfortunately, however, sedation-related deaths have 
been reported. Some reports have shown that sedation is associated 
with a risk of severe complications.7 Over-diagnosis by endoscopy is 
another problem, and frequent examinations are considered unde-
sirable.8 Therefore, a screening test is needed to identify individuals 
with a high risk of GC who would require endoscopic examination.

The gastritis-metaplasia-carcinoma sequence is known as the GC 
carcinogenesis model.9 Gastric mucosal changes (atrophic changes, 
including intestinal epithelialization) associated with chronic inflam-
mation are considered precancerous lesions of GC, and inflamma-
tion of the gastric mucosa associated with H.  pylori is involved in 
carcinogenesis through this pathway.10 For the assessment of gas-
tric atrophy, histologic evaluation is the gold standard. However, the 
Kimura–Takemoto classification, which was established in the 1960s, 
has been used as an assessment of gross gastric inflammation during 
endoscopy, and the results are consistent with the histologic diagno-
sis.11 This classification is based on detecting atrophic boundaries in 
the gastric mucosa. Kishino et al12 and Song et al13 further proposed 
scoring for endoscopic atrophic gastritis, and we used that classifica-
tion in this study. Since the risk of GC correlates with the severity of 
atrophic gastritis, severe atrophic gastritis is commonly recognized 
as a precancerous lesion.14 In studies with post-detection follow-up, 
results showed that the incidence of GC was predominantly higher 
in the group with a higher gastritis grade.13

MicroRNAs (miRNAs) are 18–25-base RNAs that do not encode 
proteins.15 Recently, they have attracted attention because they are 
very stable and easy to detect in blood.16 They can be identified by 
collecting blood and performing polymerase chain reaction (PCR) 
analysis, and the results are reproducible. miRNAs are expected 
to be biomarkers for some cancers.16 An association between GC 

and various miRNAs has been shown.17,18 There have been several 
reports on miRNA expression in precancerous lesions of GC.19,20 
However, the results have not been verified sufficiently, and there 
are no reports of comprehensive analysis using microarrays.

In this study, we conducted microarray experiments using blood 
samples and focused on miRNAs characteristically detected in pa-
tients with chronic atrophic gastritis as precancerous lesions of GC. 
We identified cases of severe atrophy of the stomach with H. pylori 
infection.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

The study included 1206 people who underwent screening at the 
USA-Takata Regional Adult Health Screening Center in 2017. As 
previously described in a prospective study conducted in the same 
region,21 we defined positive cases as those with anti-H. pylori IgG 
antibody titers of 3 or higher. In total, 379 patients (32.8%) showed 
positivity and were subjected to additional examinations. Of the 155 
subjects who underwent endoscopy, one patient was found to have 
GC and was excluded. The study was conducted using blood sam-
ples from 144 subjects graded for gastritis (Figure 1). Consent for 
the study was obtained from all eligible subjects, and information on 
age and sex was obtained. Residual sera (2 mL) from blood samples 
collected for physical examination were used for miRNA analysis.

The Ethics Committee of the Graduate School of Kyushu 
University approved the study (Review Number: 597-00).

2.2  |  Endoscopic evaluation

The Kimura–Takemoto classification was used for evaluation of the 
gastric mucosa.11 This classification is divided into two main types: 
Closed type (C type) and Open type (O type). The normal gastric mu-
cosa is C-0, and the two main types are further divided into C-1,2,3 
and O-1,2,3.11 The characteristics of each type of atrophy are as fol-
lows: C-1, atrophic mucosa limited to the antrum; C-2, limited to the 
gastric angle or the lower corpus; C-3, limited to the upper canon; 
O-1, limited to the surroundings of the gastric cardia, with maintained 
folds of the greater curvature; O-3, present in the entire stomach, with 
lack of folds in the greater curvature as a whole; O-2, an intermediate 
type between O-1 and O-3.12,13 Additional biopsies were performed if 
suspicious neoplastic lesions were seen during endoscopy. Four expe-
rienced endoscopists reviewed all endoscopic findings. Several meet-
ings were held to minimize interobserver variability.

2.3  |  miRNA expression microarray analysis

Serum collection and preparation were performed according to the 
standard operating procedures of the Early Detection Research 
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Network of the National Cancer Institute (https://edrn.nci.nih.
gov/). Total RNA was extracted from 300 μL of serum with the 
3D-Gene RNA extraction reagent of a liquid sample kit (Toray 
Industries, Tokyo, Japan). Comprehensive miRNA expression 
analysis was performed using a 3D-Gene miRNA 6iRbase6g kit 
(Toray Industries) and a 3D-Gene Human miRNA Oligo chip (Toray 
Industries), which was designed to detect 2555 miRNA sequences 
registered in 6iRbase release 20 (http://www.mirba​se.org/). If the 
microarray signal was more significant than the (mean + 2 × stand-
ard deviation) signal of the negative control with the top and bot-
tom 5% of the signal intensity removed, respectively, the miRNA 
was considered to be present. When miRNAs were deemed to be 
present, the average signal of the negative control from which the 
top and bottom 5% of the signal intensity were removed was sub-
tracted from the miRNA signal. If the signal value after background 
subtraction was negative or undetectable, the lowest signal inten-
sity on the microarray was replaced by a matter of minus 0.1 on 
the bottom two logarithmic scales. The miRNA expression profiles 
were quantile normalized to normalize the signal between differ-
ent microarrays, and the ComBat method was applied to remove 
batch effects.

2.4  |  miRNA expression data of gastric cancer 
tissue from a public database

Using the TCGA gastric cancer dataset (https://tcga-data.nci.nih.
gov/tcga/), we compared the miRNA expression in 95 normal gas-
tric mucosal tissues and 441 gastric cancer tissues. We obtained 
single nucleotide polymorphism (SNP) array data of genes and miR-
NAs from the Firehose pipeline at the Broad Institute. The copy 

number of miRNAs was calculated from SNP array data using the 
ASCAT algorithm and R software version 3.3.2 (The R Foundation, 
Vienna, Austria). The Broad Institute’s Firehose can be accessed at 
http://gdac.broad​insti​tute.org/runs/stdda​ta__2016_01_28/data/
STAD/20160​128/.

2.5  |  Statistical analysis

The expression profiles of serum miRNAs were compared between 
the two groups with Fisher’s Exact test. For receiver operating char-
acteristic (ROC) curve analysis, the cutoff value was determined by 
the point on the ROC curve that was the minimum distance from 
the upper left corner on the unit square. Fisher’s linear discriminant 
analysis was performed to calculate the diagnostic sensitivity, speci-
ficity, and accuracy. Results with P values less than .05 were consid-
ered statistically significant.

3  |  RESULTS

3.1  |  Characteristics of the study population

Among the 144 subjects, there were 19 with C-0, 23 with C-1, 31 
with C-2, 23 with C-3, 13 with O-1, 19 with O-2, and 16 with 0-3 
(Figure 1). The previous classification was as follows: C-0 was de-
fined as grade 0, C-1 and C-2 as grade 1, C-3 and O-1 as grade 2, and 
O-2 and O-3 as grade 3.12,13 Thus, there were 19 subjects with grade 
0, 54 subjects with grade 1, 35 subjects with grade 2, and 36 sub-
jects with grade 3. Age and sex were examined for each grade, but no 
significant differences between groups were observed (Figure 2A). 

F I G U R E  1  Subject selection. One thousand two hundred six patients underwent screening at the USA-Takata regional adult health 
screening center during 2017. There were 379 subjects (32.8%) whose anti-H. pylori IgG antibodies were three or higher and required further 
examination. Of the 155 subjects who underwent endoscopy, one was found to have GC and was excluded. The study was conducted using 
blood samples from 144 subjects graded for gastritis. The Kimura–Takemoto classification was used for visual evaluation. Among the 144 
subjects, there were 19 with C-0, 23 with C-1, 31 with C-2, 23 with C-3, 13 with O-1, 19 with O-2, and 16 with 0-3

Screening targets (n = 1,206)

An�-H. pylori IgG an�body ≥ 3 (n = 379)An�-H. pylori IgG an�body < 3 (n = 827)

Underwent gastroscopy  (n = 155)

Pathological diagnosis
cancer (n = 1)

Gross diagnosis
grade revealed
(n = 144)

Incomplete gastroscopy  (n = 224)

Gross diagnosis
grade unknown
(n = 10)

Kimura-Takemoto 
criteria
C-0 (n = 19) 
C-1 (n = 23)
C-2 (n = 31)
C-3 (n = 23)
O-1 (n = 13)
O-2 (n = 19)
O-3 (n = 16)

https://edrn.nci.nih.gov/
https://edrn.nci.nih.gov/
http://www.mirbase.org/
https://tcga-data.nci.nih.gov/tcga/
https://tcga-data.nci.nih.gov/tcga/
http://gdac.broadinstitute.org/runs/stddata__2016_01_28/data/STAD/20160128/
http://gdac.broadinstitute.org/runs/stddata__2016_01_28/data/STAD/20160128/
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All subjects were divided into the Discovery phase (n = 71) and the 
Training phase (n = 73; Figure 2B). Grade 3 in this classification is an 
advanced stage of chronic gastritis, which is defined as a precancer-
ous lesion of GC.13

3.2  |  Results of miRNA microarray analysis

We performed a microarray analysis of miRNAs in all subjects, 
classified them into two clusters in each phase, and compared 
miRNA expression between grades 0-2 and 3. Analysis under 
the condition of P < .05 and q < 0.2 revealed 44 miRNAs in the 
Discovery phase (Fisher’s Exact test, P = .005; Figure 3A) and 137 
miRNAs that showed differential expression in the Training phase 
(P < .0005; Figure  3B). When we compared the two phases, two 
common miRNAs were found among the detected miRNAs: miR-
196b-3p and miR-92a-2-5p. miR-196b was upregulated in grade 3 
(Figure 3C, Discovery phase: q = 0.11, Training phase: q = 0.08), 
and miR92a-2-5p was downregulated (Figure 3D, Discovery phase: 
q = 0.18, Training phase: q = 0.18). The trend was the same in each 
phase.

We investigated the expression status of the above-detected 
miRNAs in GC. Using the TCGA database, we performed a compar-
ative analysis of miRNA expression in tissue samples. The results 
showed that miR-196b-3p was highly expressed, with a signifi-
cant difference in GC tissues compared to normal gastric mucosa 
(P < .001). Unfortunately, however, miR-92a-2-5p did not show any 
significant difference between GC tissues and normal gastric mu-
cosa (Figure 3E).

3.3  |  Analysis using a combination of miRNAs

Comparing grades 0-2 and grade 3, the areas under the ROC curve 
(AUCs) of the serum miR-196b-3p signature were 0.730 and 0.763 
for the two sets of serum samples (Figure  4A). For miR-92a-2-5p, 
the values were 0.696 and 0.714, respectively (Figure  4B). Since 
the usefulness of combining miRNAs has been reported,22 we also 
analyzed the two detected miRNAs simultaneously. The AUC of the 
ROC curve showed even higher values in each phase (Figure  4C, 
Discovery phase: 0.796, Training phase: 0.792).

We tried to increase the number of detected miRNAs by chang-
ing the detection conditions: when q < 0.25, miR-6791-3p was newly 
detected as a common miRNA, and when q < 0.3, miR-1185-1-3p and 
miR-1228-5p were newly detected. When we raised q < 0.35, miR-
1185-1-3p and miR-1228-5p were detected. The AUC value increased 
when analyzed using three miRNAs with the addition of miR-6791 
(Discovery phase: 0.825, Training phase: 0.839), and further in-
creased when five miRNAs were used (Discovery phase: 0.840, 
Training phase: 0.856; Figure 4D). However, when we checked the 
sensitivity and the specificity, we found that the method using three 
miRNAs was the most suitable for detection, because the specificity 
in the Discovery phase and the sensitivity in the Training phase de-
creased in the case of five miRNAs (Table 1).

4  |  DISCUSSION

This study identified the serum miRNA, miR-196b-3p, in subjects 
with precancerous lesions of GC by microarray analysis. The miR-196 

F I G U R E  2  Characteristics of the study 
population. We divided the subjects 
into four grades based on the Kimura–
Takemoto classification and compared 
the characteristics of the tissues between 
each step. C-0 of the Kimura–Takemoto 
classification was defined as grade 0, C-1 
and C-2 as grade 1, C-3 and O-1 as grade 
2, and O-2 and O-3 as grade 3. Thus, 
there were 19 subjects with grade 0, 54 
subjects with grade 1, 35 subjects with 
grade 2, and 36 subjects with grade 3. 
Age and sex were examined for each step, 
but no significant differences were found 
between groups (A). All subjects were 
divided into the Discovery phase (n = 71) 
and the Training phase (n = 73) (B)

Grade Kimura Takemoto 
criteria n Average age 

(years)
M : F
(n)

0 C-0 19 49.6 9 : 10
1 C-1, 2 54 51.9 30 : 24
2 C-3, O-1 36 54.3 20 : 16
3 O-2, 3 35 60.4 18 : 17

(A)

Grade Discovery Phase
(n)

Training Phase
(n)

0 11 8
1 20 34
2 20 16
3 20 15

Total 71 73

(B)
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gene family (miR-196a-1, miR-196a-2, miR-196b) is transcribed from 
a region harboring three genes, ECRG4,23 RAD23B,24 and HOXA10 
in the human homeobox (HOX) gene cluster region. miR-196a-1 and 
miR-196a-2 have the same mature nucleotide sequence, but mature 
miR-196b differs from mature miR-196A by only one nucleotide. In 
previous studies, the abundant expression of miR-196b inhibited 
ECRG4 and RAD23B. In addition, GC cases with simultaneous over-
expression of HOXA10 and miR-196b had a poor prognosis.17 Thus, 
overexpression of miR-196b and HOXA10 may mediate the devel-
opment of hematopoietic progenitor cells and gastric cancer with 
chronic inflammation caused by H. pylori.

In terms of miR-92a, a former study reported that miR-92a is 
downregulated in gastric cancer, warranting further analysis of this 
miRNA.18 However, in the current study we found that miR-92a-
2-5p did not show cancer-specific expression compared with that 

in normal lesions, whereas miR-92a-2-5p was expressed at a lower 
level in precancerous lesions. In general, the expression of miRNAs 
in cancerous tissues does not necessarily indicate a sequential or 
continuous difference from that in precancerous lesions or normal 
tissues. We assumed that miR-92a may not be involved in the pro-
cess of carcinogenesis itself, but in the formation of precancerous 
lesions, such as chronic inflammation and severe atrophy.

In contrast, several studies have focused on the clinical signifi-
cance of miRNAs in early-stage GC lesions. Highly expressed miR-
NAs in precancerous lesions have been reported in various cancer 
types. Of those, miR-421,19 miR-19a-3p, and miR-483-5p25 showed 
clinical significance, especially in GC cases. Another miRNA, miR-
365, inhibited the progression of precancerous lesions in the 
stomach.20 These reports differ from our current study on the 
following points. They used miRNAs that were already shown 

F I G U R E  3  miRNAs detected by microarray analysis. The results of the miRNA microarray analysis are shown. The subjects were divided 
into two phases: 71 subjects were assigned to the Discovery phase, and 73 subjects were assigned to the Training phase. They were 
classified into two clusters in each phase, and miRNA expression was compared between grades 0-2 and 3. Analysis under the condition of 
P < .05 and q < 0.2 revealed 44 miRNAs in the Dscovery phase (Fisher’s exact test, P = .005) (A). In the Taining phase, 137 miRNAs showed 
differential expression (P < .0005) (B). The miRNAs satisfying the conditions were miR-196b-3p and miR-92a-2-5p. The expression of the two 
miRNAs was compared in the Discovery phase and Training phase. miR-196b-3p was upregulated (Discovery phase: Q = 0.11, Training phase: 
Q = 0.08) (C), and miR-92a-2-5p was downregulated (Discovery phase: Q = 0.18, Training phase: Q = 0.18) (D) in grade 3 in both phases. In 
(E), we used the TCGA database to compare the expression of the two miRNAs in GC tissue and normal tissue. The expression of miR-196b 
was predominantly highly expressed in GC, while no significant difference in expression was observed between GC and normal tissue for 
miR-92a

(A) (B)

(C) (E)

miR-196b miR-92a

(D)

Cluster2Cluster
1

grade 0,1,2 (G0-2)
grade 3 (G3)

Training phase(n = 73)

Cluster1 Cluster2

grade 0,1,2 (G0-2)
gade 3 (G3)Discovery phase(n = 71)

miR-
92a-2-5p

miR-
196b-3p

miR-
92a-2-5p

miR-
196b-3p

Discovery TrainingTrainingDiscovery

p5-2-a29-Rimp3-b691-Rim
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to be highly expressed in early and advanced GC, and they con-
firmed that those miRNAs are also highly expressed in sera from 
precancerous lesions. In contrast, our study is the first to use 3D 

microarrays to detect miRNAs highly expressed in atrophic gastri-
tis, a precancerous lesion of GC, compared to patients with other 
levels of gastritis. Our discovery will support the identification of 

F I G U R E  4  The combination of miRNAs related to grade 3 increased the AUC of the ROC curve. Comparing grades 0-2 and grade 3, we 
calculated the area under the receiver operating characteristic (ROC) curve (AUC). First, we calculated the AUC for miR-196b-3p alone or 
miR-92a2-5p alone. The results were 0.730 and 0.736 (A) and 0.696 and 0.714 (B) for the Discovery and Training phases, respectively. The 
combination of miR-196b-3p and miR-92a-2-5p increased the AUC (C). When miR-6791-3p was added, the AUC increased to 0.825 and 0.839. 
Furthermore, when miR-111 and miR-112 were added, the AUC increased to 0.840 and 0.856 (D)

Training phaseDiscovery phase
Training phaseDiscovery phase

Training phaseDiscovery phase

(A) (C)

(D)

(B)

miR-196b-3p

miR-92a-2-5p

miR-196b-3p
miR-92a-2-5p

miR-196b-3p
miR-92a-2-5p
miR-6791-3p

miR-196b-3p
miR-92a-2-5p
miR-6791-3p
miR-1185-1-3p
miR-1228-5p

TA B L E  1  Sensitivity/specificity and AUC for each miRNA and each phase

miRNA

Discovery phase Training phase

Sensitivity (%) Specificity (%) AUC Sensitivity (%) Specificity (%) AUC

miR-196b-3p (A) 60 78.4 0.73 80 74.1 0.763

miR-92a-5p (B) 74.5 65 0.696 55.2 86.7 0.714

miR-6791-3p (C) 45 76.5 0.564 66.7 89.7 0.764

miR-1185-1-3p (D) 95 43.1 0.678 93.3 56.9 0.757

miR-1228-5p (E) 58.8 65 0.638 63.8 80 0.683

A and B 60 84.3 0.796 66.7 91.4 0.792

A, B, and C 70 84.3 0.825 73.3 91.4 0.839

All 65 92.2 0.84 86.7 77.6 0.856

Note: The sensitivity, specificity, and AUC for the Discovery and Training phases are listed for each of the five miRNAs: miR-196b-3p, miR-92a-2-5p, 
miR-6791-3p, miR-1185-1-3p, and miR-1228-5p. Below the individual cases, we show where miR-196b-3p and miR-92a-2-5p are combined, miR-6791-3p 
is added, and mixed.
Abbreviation: AUC, area under the receiver operating characteristic curve.
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high-risk candidates harboring malignant transformation among 
thousands of patients with gastritis.

The point of the current study is that combining miRNAs in-
creased the detectability of high-risk cases. Single miRNAs are 
highly unstable and lack reproducibility. In the current study, there 
were also large differences in the sensitivity and specificity of spe-
cific miRNAs between the two phases. Notably, previous studies 
have reported that reproducibility is maintained by combining mul-
tiple miRNAs.26 In breast cancer, combining miR-1246, miR-1307, 
miR-4634, miR-6861, and miR-687522 upregulated the detectability 
of cancers. Considering the accuracy and practical clinical benefit, 
we suggest that the combination of miRNAs should be applied as 
opposed to one mere miRNA.

As mentioned in the Introduction, endoscopy carries a risk of 
complications,6,7 and frequent testing may lead to overdiagnosis.8 
Therefore, the current methodology to detect specific serum miR-
NAs could identify high-risk cohorts for GC that require fiberscope 
examination. Performing endoscopy on a limited number of individ-
uals can focus on detecting precancerous lesions, and it is easier to 
follow the course of subsequent improvement and carcinogenesis. 
Thus, early cancer detection is possible, and may even lead to a bet-
ter long-term prognosis.

A cutoff value of at least 3 for anti-H. pylori IgG antibodies was 
used as a criterion for cases in which endoscopy was performed. This 
cutoff value was set based on a previous report21 of a prospective 
study using a population from the same area. Because we did not ex-
amine the relationship with H. pylori in this study, the cutoff value was 
established as an acceptable range for selecting patients who should 
undergo endoscopic examination. Therefore, it is possible that some 
patients with antibody levels of <3 also exhibited atrophy. The asso-
ciations of H. pylori and miRNAs with gastric cancer are well known,17 
and some reports have described fluctuations of miRNAs with H. py-
lori eradication.27 However, one major limitation of this study was that 
we were unable to evaluate these relationships because the history of 
H. pylori eradication and current infection were not investigated.

In this study, precancerous lesions were defined as grade 3 of 
gross findings. The rate of carcinogenesis in gastric cancer is known to 
increase as the grade increases.13 However, a previous study showed 
that some cases progressed to carcinogenesis directly from grade 
2 or less mild atrophic gastritis without passing through grade 3.28 
Although we were unable to evaluate all cases of carcinogenesis, a 
previous meta-analyses reported that the risk associated with grade 3 
atrophic gastritis was approximately four times that of other grades.29 
Importantly, in this study, miR-196b expression increased in a stepwise 
manner roughly according to the degree of atrophy (Figure S1).

We plan to conduct a functional analysis of the identified miR-
NAs in future work. Prospective studies on the three miRNAs are 
also in progress. In this study we were able to identify miRNAs char-
acteristic of precancerous lesions in GC, and we expect that these 
miRNAs can be applied to select a group of subjects who should 
undergo endoscopy.

5  |  CONCLUSION

Three miRNAs (miR-196b-3p, miR-92a-2-5p, and miR-6791-3p) may be 
promising biomarkers of precancerous lesions in GC. Identification 
of these serum miRNAs should identify patients at high risk for GC 
by using miRNAs in the blood as biomarkers.
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