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Abstract

Background Gastric cancer (GC) is one of the most com-

mon causes of cancer deaths worldwide; however, reliable

and non-invasive screening methods for GC are not

established. Therefore, we conducted this study to develop

a biomarker for GC detection, consisting of urinary

microRNAs (miRNAs).

Methods We matched 306 participants by age and sex [153

pairs consisting of patients with GC and healthy controls

(HCs)], then randomly divided them across three groups:

(1) the discovery cohort (4 pairs); (2) the training cohort

(95 pairs); and (3) the validation cohort (54 pairs).

Results There were 22 urinary miRNAs with significantly

aberrant expressions between the two groups in the dis-

covery cohort. Upon multivariate analysis of the training

cohort, urinary expression levels of miR-6807-5p and miR-

6856-5p were significantly independent biomarkers for

diagnosis of GC, in addition to Helicobacter pylori (H.

pylori) status. A diagnostic panel that combined these 2

miRNAs and H. pylori status distinguished between HC

and GC samples with an area under the curve (AUC) =

0.736. In the validation cohort, urinary miR-6807-5p and

miR-6856-5p showed significantly higher expression levels

in the GC group, and the combination biomarker panel of

miR-6807-5p, miR-6856-5p, and H. pylori status also

showed excellent performance (AUC = 0.885). In addition,

this biomarker panel could distinguish between HC and

stage I GC patients with an AUC = 0.748. Urinary

expression levels of miR-6807-5p and miR-6856-5p sig-

nificantly decreased to undetectable level after curative

resection of GC.

Conclusions This novel biomarker panel enables early and

non-invasive detection of GC.

Keywords Biomarker � Gastric cancer � Urinary miRNA �
miR-6807-5p � miR-6856-5p

Introduction

Gastric cancer (GC) is the third most frequent cause of

cancer death in the world [1]. One reason for this is that it

is difficult to diagnose GC at an early stage where symp-

toms may be mild or absent. Early GC detection by mass

screening is important for reduction of mortality. With this

purpose, upper gastrointestinal imaging (UGI) and upper

gastrointestinal endoscopy (GIE) are often used during

medical check-ups in East Asian countries with high GC

incidence. Although neither examination was associated

with reduced GC mortality in a prospective trial, GIE is

generally superior to UGI for detection of GC [2, 3].

Pathological diagnosis using endoscopic biopsy samples is

considered the gold standard for GC diagnosis. However,

GIE requires trained endoscopists and is highly invasive

with great potential for patient discomfort. Consequently,
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non-invasive screening methods for GC are needed; how-

ever, serum tumor markers, including carcinoembryonic

antigen and carbohydrate antigen 19-9, have not been used

in clinical practice due to their low sensitivity, especially

for early-stage disease [4].

MicroRNAs (miRNAs) are short non-coding RNAs that

consist of 20–25 nucleotides, which are believed to be

involved in carcinogenesis and other immune-related dis-

eases [5–7]. The pathway of circulating miRNAs is so

complicated that they are transported as complex forms

that bind with Argonaute proteins and high-density

lipoproteins or with microvesicles such as exosomes [8],

which are protected from degeneration. While many

reports demonstrated that serum and plasma levels of

miRNAs may be diagnostic biomarkers for GC [9–17], few

reports have examined urinary miRNAs. Since office visits

and special tools are needed for blood sampling, urine is an

ideal health check screening medium because of its non-

invasiveness and low cost. There have been only two

reports examining urinary miRNA biomarkers for GC. One

study found that urinary levels of miR-21-5p were elevated

in patients with GC and decreased after surgery [18].

Another study found that urinary miR-376c showed 60%

sensitivity and 64% specificity with an area under the curve

(AUC) of 0.70 for diagnosis of GC [19]. These results

suggest that urinary miRNA may be a useful diagnostic

biomarker for GC. However, this use remains hypothetical

because the two previous reports were pilot studies with

very small sample sizes (around 30 individuals) and both

studies lacked the validation of an independent cohort.

Hence, the current study sought to establish a reliable

urinary miRNA biomarker for diagnosis of GC. We herein

report the efficacy of a novel GC diagnostic biomarker

panel that used urinary miRNA.

Methods

Patients and study design

This study included 372 urine samples from 197 patients

with GC and 175 healthy controls (HCs). All samples were

collected from September 2012 to May 2017 at three

Japanese institutions. We included males and females aged

between 20 and 90 years old. Patients with GC (GC group)

had an existing cancer diagnosis, established by histolog-

ical and endoscopic findings, and no prior treatment on

entry. HC participants had no neoplasms, as confirmed by a

medical checkup including UGI or GIE, blood test, fecal

occult blood test, chest radiograph, abdominal ultrasound,

and medical examination (HC group). Persons with a pre-

vious cancer history (within 5 years) or multiple malig-

nancies were excluded from participation. To ensure the

accuracy and comprehensiveness of reporting in this case–

control biomarker study, the present study complied with

both the REMARK guidelines [20] and the STROBE

statement [21]. The study protocol conformed to the ethical

guidelines of the 1975 Declaration of Helsinki (6th revi-

sion, 2008) and was approved by the ethics committee at

each participating institution (Nagoya City University

Hospital Institutional Review Board, Nagoya Daini Red

Cross Hospital Institutional Review Board, and Okazaki

Public Health Center Ethical Committee). Written

informed consent was obtained from all participants. This

study was registered with the University Hospital Medical

Information Network Clinical Trials Registry

(UMIN000021350).

Samples and definition

Urine and serum samples were collected from each patient

with GC before tumor resection or chemotherapy. Samples

were immediately stored at - 80 �C until analyzed, as

previously reported [22–24]. All patients with GC were

classified based on tumor node metastasis (TNM) staging

(the Union for International Cancer Control version 7) [25].

Helicobacterpylori (H. pylori) status was analyzed using

the serum anti-H.pylori immunoglobulin G antibody, the
13C-urea breath test, and the RAPIRUN test (Otsuka

Pharmaceutical Co., Ltd., Tokyo, Japan).

Gastric cancer cell and exosome collection

Human GC cell lines, MKN45 and MKN74 (ATCC,

Manassas, VA) were maintained in RPMI 1640 medium

containing 10% fetal bovine serum (FBS) in a humidified

atmosphere of 5% CO2 at 37 �C. We collected exosomes

from cell culture media using ultracentrifugation [26].

Briefly, the cells with 60–80% confluency were washed

twice with PBS and maintained in the media without FBS

for 24 h. Then, 40 ml of conditioned media was collected

and centrifuged at 3009g for 10 min. Next, the supernatant

was centrifuged at 20009g for 10 min followed by col-

lecting and centrifuging the supernatant at 10,0009g for

30 min. The supernatant was ultracentrifuged at

100,0009g for 70 min using CP-100WX (Koki Holdings,

Tokyo, Japan), followed by saving 200 ll for miRNA

extraction. After discarding the supernatant, we added

40 ml of PBS and ultracentrifuged the tube at

100,0009g for 70 min. We discard the supernatant and

added 200 ll of PBS to collect exosomes.

miRNA extraction

Urine was centrifuged at 10,000 rpm after thawing on ice

and miRNAs were extracted from 200 ll (600 ll for
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microarray use) of the supernatant using miRNeasy Serum/

Plasma Kit (Qiagen, Valencia, CA, USA) according to the

manufacturer’s protocol, with the exception that the col-

umn was washed three times using 80% ethanol before

small RNAs were eluted in 14 ll of RNase-free water.

Cellular miRNA and exosomal miRNA extraction was

performed using the miRNeasy Mini Kit (Qiagen)

according to the manufacturer’s protocol and small RNAs

were eluted in 60 ll RNase-free water. miRNAs from

formalin-fixed paraffin-embedded (FFPE) tissues were

extracted using the miRNeasy FFPE Kit (Qiagen). For

extraction of miRNAs from culture media, we also used

miRNeasy Serum/Plasma Kit.

Microarray assay

Cyanine-3 (Cy3)-labeled cRNA was prepared from urinary

RNA (42 ll of the urine miRNA-containing solution from

the GC and HC groups) using the miRNA Complete

Labeling and Hyb Kit (Agilent, Santa Clara, CA, USA)

according to the manufacturer’s instructions. T4 RNA

ligase and Cy-3-pCp were used for labeling the miRNA

samples. Cy3-labeled miRNA samples were hybridized in

a reaction volume of 45 ll containing 1 9 Hi-PRM

hybridization buffer and 1 9 GE blocking agent following

the manufacturer’s instructions. The mixed samples were

hybridized to Agilent Human miRNA Microarrays

(G4872A) for 20 h at 55 �C in a rotating Agilent

hybridization oven. After hybridization, microarrays were

washed 5 min at room temperature with Gene Expression

Wash Buffer 1 and 5 min with 37 �C GE Wash buffer 2

and then dried. The slide was scanned immediately after

washing on the Agilent DNA Microarray Scanner

(G2539A) using one color scan setting for 8 9 60 k array

slides (Scan Area 61 9 21.6 mm, Scan resolution 3 lm,

Dye channel is set to Green and Green PMT is set to

100%). The scanned images were analyzed with Feature

Extraction Software 11.0.1.1 (Agilent) using default

parameters (protocol AgilentHD_miRNA and Grid:

070156_D_F_20141006) to obtain background subtracted

and spatially detrended processed signal intensities. The

microarray raw data have been deposited in the Gene

Expression Omnibus (GEO) database under number

GSE128720.

Quantitative reverse transcription polymerase chain

reaction (qRT-PCR)

Complementary DNA (cDNA) was synthesized using the

TaqMan Advanced MicroRNA cDNA Synthesis Kit (Ap-

plied Biosystems, Foster, CA, USA) and 2 ll of the

miRNA-containing solution, according to the manufac-

turer’s protocol. After creating a tenfold dilution of the

solution, 2 ll of cDNA was used for qPCR. PCRs were

performed in duplicate using the TaqMan Advanced

MicroRNA Assay (Applied Biosystems) by 7500 Fast

Real-Time PCR system (Applied Biosystems), totaling

10 ll of reaction solution with the following thermal cycle:

95 �C for 20 s, 40 cycles at 95 �C for 3 s, and 60 �C for

30 s. Cycle threshold (Ct) values were calculated to

quantify miRNA expressions using the 2-DCt method.

Internal normalization controls for qPCR of miRNAs in

urine, serum, and samples from in vitro examinations were

determined using a global mean normalization method with

the microarray results [27]. Beta-actin was used as a nor-

malizer when evaluating miRNA expression in FFPE tis-

sues. The miRNA assays used in qRT-PCR are listed in

Table S1.

Statistical analyses

The GC and HC groups were subjected to propensity score

(PS) matching, made from a logistic regression model (age

and sex). We randomly matched the two groups one by

one, using the nearest-neighbor method with a caliper with

a width of 0.05 of the standard deviation of the logit of the

PS.

Mann–Whitney U test, Student’s t test, and the chi-

squared test were used for detecting significant between-

group differences, as appropriate. Spearman’s rank method

with a coefficient (r) was used for evaluating correlations.

Receiver operating characteristic curve analysis was used

to calculate AUC for each biomarker, and the representa-

tive value was shown as the AUC value with 95% confi-

dence intervals (CIs). Logistic regression modeling was

used to estimate the odds ratio (OR) with a 95% CI and

construct a composite score. This score was used to cal-

culate the AUC for the combination biomarker. The com-

pensated values (100 9 2-DCt) were used to calculate OR.

Statistical analyses were carried out using R software

(https://www.R-project.org/) or IBM SPSS statistics, ver-

sion 25 (IBM Corp., Tokyo, Japan). All P values were two

sided and P\ 0.05 was considered statistically significant.

Results

Participants

Among the 372 participants, there were 197 patients with

GC and 175 HCs. This produced 306 age- and sex-matched

participants (153 pairs from each group) who were enrolled

in this study. After that, the cohort was randomly divided

into three groups: 8 participants (4 pairs) in the discovery

cohort, 190 participants (95 pairs) in the training cohort

and 108 participants (54 pairs) in the validation cohort.
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Moreover, additional validation was conducted using other

samples including 64 participants (32 pairs) with serum

samples (Fig. 1). Expectedly, the H. pylori positivity rate

was significantly higher in the GC groups than in the HC

group. However, there were no significant between-group

differences for any other factor. More than 60% of patients

with GC were stage I and around 50% could undergo

curative endoscopic resection in this study (Table 1).

Urinary miRNA difference between HC and GC

groups

First, to comprehensively detect differences in urine miR-

NAs between the HC and GC groups, we carried out an

miRNA microarray analysis. Since one sample from the

GC group was determined to be of poor quality given that

the resultant signals were quite smaller than the other

plates, we finally analyzed the microarray data from seven

samples (HC = 4 and GC = 3) after excluding this sample.

There were 22 miRNAs in urine with significantly aberrant

expressions between the HC and GC groups, including

differences of threefold or greater. Patients with GC

showed significantly higher expression of 17 miRNAs,

compared with the HC group, and lower expression of five

miRNAs (Table S2).

Development of urinary miRNA biomarker

Among 22 candidate miRNAs that were identified using

microarray analysis, we quantitated 10 miRNAs using

qRT-PCR in the training cohort (Figure S1). Based on a

global mean normalization method using microarray

Fig. 1 Study profile. HC

healthy control, GC gastric

cancer, n number, qPCR

quantitative polymerase chain

reaction

Table 1 Characteristics of the study cohort

HC GC P value

(n = 153) (n = 153)

Age (years)

Median (IQR) 68 (62–73) 70 (64–76) 0.077

Sex, n

Male 109 110 0.899

Female 44 43

Serum Cr (mg/dl)

Mean ± SD 0.79 ± 0.16 0.80 ± 0.24 0.753

H. pylori status, n

Positive 21 74 \ 0.001

Negative 132 76

Unknown 0 3

Stage, n, %

I 97 (63.4)

II 16 (10.5)

III 15 (9.8)

IV 25 (16.3)

Clinical stage is according to the UICC-TNM classification (the

seventh edition)

HC healthy control, GC gastric cancer, n number, qPCR quantitative

polymerase chain reaction, IQR interquartile range, Cr creatinine, SD

standard deviation, H. pylori Helicobacter pylori
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signals, miR-3610 and miR-4669 were determined as

internal controls for qRT-PCR.

On univariate analysis, urinary expression levels of 2

miRNAs including miR-6807-5p were significantly higher

in the GC group than in the HC group. On multivariate

analysis, including H. pylori status, another significant

factor for GC, urinary levels of miR-6807-5p and miR-

6856-5p were also independent biomarkers for diagnosis of

GC [miR-6807-5p, OR 1.58 (95% CI 1.06–2.34),

P = 0.024; miR-6856-5p, OR 1.21 (95% CI 1.01–1.46),

P = 0.042], as well as H. pylori status (Table 2). Based on

these results, we established a diagnostic biomarker panel

of GC consisting of urinary miR-6807-5p, miR-6856-5p,

and H. pylori status using a logistic regression model. This

urinary miRNA biomarker panel was satisfactorily able to

distinguish patients with GC from HCs with an AUC =

0.736 (95% CI 0.663–0.810), which was higher than that

observed with miR-6807-5p/6856-5p alone or both without

H. pylori status (Fig. 2a). When the cutoff point was

determined using Youden’s index, the logistic regression

model showed 62.0% sensitivity, 83.2% specificity, and

72.7% accuracy for detection of GC.

Validation of urinary miRNA biomarker

Next, we validated this diagnostic panel using an inde-

pendent validation cohort for general extrapolation. As

shown in Table 3, both urinary miR-6807-5p and miR-

6856-5p showed significantly higher expression levels in

the GC group than in the HC group (P\ 0.001), consistent

with the training cohort. For the prediction of GC, the

combination biomarker panel of urinary miR-6807-5p,

miR-6856-5p, and H. pylori status also showed an excellent

AUC = 0.885 (95% CI 0.823–0.948) with 76.9% sensitiv-

ity, 88.9% specificity and 81.5% accuracy in the validation

cohort (Fig. 2b).

This combination biomarker panel showed an AUC =

0.774 (95% CI 0.721–0.827) in the whole cohort (Fig-

ure S2). We investigated whether H. pylori infection

affects urinary level of miR-6807-5p or miR-6856-5p;

however, no significant differences were found for urinary

levels of these miRNAs between H. pylori-positive and -

negative HCs (Figure S3).

Since early detection is essential for diagnostic bio-

marker on medical checkup, we next analyzed diagnostic

potential for early stage. On comparing HCs with early-

stage GC, urinary expression levels of both miR-6807-5p

and miR-6856-5p were significantly higher in the stage I

GC group than in the HC group (Fig. 3a). This biomarker

panel was distinguished between HC and stage I GC with

an AUC = 0.748 (95% CI 0.683–0.812), indicating that

this biomarker panel can predict the presence of even early-

stage GC (Fig. 3b). In addition, urinary levels of both miR-

6807-5p and miR-6856-5p were significantly correlated to

clinical stage (Figure S4A, B).

Moreover, we compared expression levels of urinary

miR-6807-5p and miR-6856-5p before and after curative

resection with endoscopy or surgery using urine samples

obtained from 14 GC patients (Table S3). Remarkably,

urinary levels of these 2 miRNAs decreased to unde-

tectable range in all cases (Fig. 4a–c).

Table 2 Urinary miRNAs expression in the training cohort

Univariate analysis P value Multivariate analysis P value

2-DCt (median, IQR) Odds ratio (95% CI)

HC GC

miR-575 0.011 (0.007–0.017) 0.013 (0.007–0.033) 0.036

miR-3938 0.288 (0.212–0.409) 0.295 (0.197–0.493) 0.259

miR-4476 0.027 (0.019–0.038) 0.028 (0.014–0.045) 0.878

miR-5003-3p 0.169 (0.120–0.256) 0.223 (0.107–0.426) 0.147

miR-5189-5p 0.006 (0.003–0.018) 0.010 (0.003–0.034) 0.202

miR-6500-5p 0.021 (0.016–0.037) 0.035 (0.015–0.078) 0.060

miR-6511a-5p 0.010 (0.007–0.016) 0.011 (0.005–0.027) 0.506

miR-6807-5p 0.009 (0.006–0.014) 0.012 (0.007–0.023) 0.016 1.58 (1.06–2.34) 0.024

miR-6856-5p 0.021 (0.015–0.030) 0.023 (0.015–0.051) 0.089 1.21 (1.01–1.46) 0.042

miR-6875-5p 0.061 (0.045–0.080) 0.058 (0.034–0.130) 0.872

H. pylori positive, n 12 48 \ 0.001 5.82 (2.71–12.5) \ 0.001

IQR interquartile range, CI confidential interval, n number
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Analysis using serum, tissue sample, cell line

and in silico

Since both miR-6807-5p and miR-6856-5p are unfamiliar

miRNAs, we also measured expression levels of these

miRNAs in other samples including serum and tissue

samples. Interestingly, serum levels of miR-6807-5p and

miR-6856-5p were also significantly higher in the GC

groups compared with the HC group, as well as urinary

levels (miR-6807-5p, P = 0.003; miR-6856-5p, P = 0.002)

(Table S4). The combination panel of serum miR-6807-5p,

miR-6856-5p, and H. pylori status showed excellent power

with an AUC = 0.798 (95% CI 0.679–0.917) as well as the

panel with urinary miRNAs (Figure S5). In addition,

expression level of miR-6807-5p was significantly higher

in primary tumor tissues than in adjacent normal tissues,

and miR-6856-5p revealed the same tendency without

significant level (Figure S6). Characteristics of GC patients

for tissue miRNA analysis are shown in Table S5. To

investigate whether these miRNAs originated from GC, we

evaluated the expression of these miRNAs in exosomes,

culture media, and cells bodies using MKN45 and MKN74.

As expected, these miRNAs were detectable in all exo-

somes, culture media, and cell bodies (Figure S7).

To explore function of miR-6807-5p and miR-6856-5p,

we conducted gene ontology (GO) analysis using the data

of miRNA-target interactions from miRTarBase (https://

miRTarBase.mbc.nctu.edu.tw/). In miRTarBase, 577 genes

and 253 genes are listed as the target of miR-6807-5p and

miR-6856-5p, respectively. The targets of 2 miRNAs

showed the same tendency in classification of GO terms,

suggesting that both miRNAs may control similar gene

expression (Figure S8).

Fig. 2 Receiver operating characteristics curves. a Training cohort. b Validation cohort. H. pylori Helicobacter pylori, AUC area under the

curve, 95% CI 95% confidence interval

Table 3 Urinary miRNA biomarker in the validation cohort

Univariate analysis P value Multivariate analysis P value

2-DCt (median, IQR) Odds ratio (95% CI)

HC GC

miR-6807-5p 0.001 (0.000–0.006) 0.011 (0.007–0.021) \ 0.001 19.4 (4.61–81.90) \ 0.001

miR-6856-5p 0.003 (0.001–0.029) 0.024 (0.017–0.035) \ 0.001 0.79 (0.57–1.11) 0.178

H. pylori positive, n 12 48 \ 0.001 3.26 (1.03–10.30) 0.044

IQR interquartile range, CI confidential interval, n number
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Discussion

Following our large study of three independent cohorts, we

identified urinary miR-6807-5p and miR-6856-5p as non-

invasive biomarkers for GC. Moreover, a diagnostic bio-

marker panel combined with H. pylori status demonstrated

excellent diagnostic power.

Urine is one of the ideal samples for mass disease

screenings due to its non-invasiveness and low cost. miR-

NAs originating from specific tissues are secreted into the

extracellular environment and biological fluids, including

urine [28]. Extracellular circulating miRNAs can be carried

to the kidneys and discharged into urine by connecting with

RNA-binding proteins or setting in microvesicles [8, 29].

Urinary miRNAs are considered relatively stable under

various storage conditions [30].

Both miR-6807-5p and miR-6856-5p are novel miRNAs

with a limited history of use. There have been no specific

reports of the functions and targets related to both miR-

6807-5p and miR-6856-5p. Whether detected miR-6807-5p

and miR-6856-5p are secreted from the kidneys or other

urothelial organs exactly remains unclear. In the current

study, urinary levels of both miRNAs showed a positive

association with disease stage of GC and remarkably

Fig. 3 Receiver operating characteristics curve for early detection of stage I GC. a boxplots in HC and stage I GC. b ROC analysis for detecting

stage I GC. H. pylori Helicobacter pylori, AUC area under the curve, 95% CI 95% confidence interval

Fig. 4 Urinary miR-6807-5p

and miR-6856-5p after curative

resection
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decreased to undetectable range after curative resection

even in the patients with early-stage GC, suggesting that

these miRNAs would be derived from GC.

Moreover, the fact that both miR-6807-5p and miR-

6856-5p are elevated in serum samples of patients with GC

also might imply that these miRNAs originated from GC.

In fact, the expression level of miR-6807-5p was higher in

GC tissues significantly, compared with adjacent normal

tissues and that of miR-6856-5p had the same tendency. In

addition, we confirmed that both miRNAs were

detectable in GC cell lines (MKN45 and MKN74) and

secreted to culture media as exosomes and other forms.

These results suggested that miR-6807-5p and miR-6856-

5p might be secreted from GC tissues and excreted into

urine. However, whether these miRNAs are specific to GC

remains unclear. H. pylori infections play a well-known

and crucial role in the carcinogenesis of GC [31]; however,

H. pylori status alone is not sufficient for diagnosing GC

due to the very high frequency of false positives. Since

miR-6807-5p and miR-6856-5p were independent from H.

pylori infection in the current study, combining these 2

miRNAs with H. pylori may overcome these issues.

Several reports have indicated that urinary miRNAs

might be useful biomarkers for urological cancers and

diseases [32–34]; however, a few studies showed urinary

miRNAs as indicators of non-urological cancers including

breast and pancreatic cancers [35, 36]. Only two studies

have identified urinary miR-21-5p and miR-376c as diag-

nostic biomarkers of GC [18, 19]. Although these two

studies raised the possibility of urinary miRNA as a GC

biomarker, the utility of miR-21-5p and miR-376c

remained unrealized due to the relatively small sample

sizes and lack of independent validation of these prelimi-

nary results. Interestingly, neither urinary miR-21-5p nor

miR-376c was detected in the urine of both patients with

GC and HCs, for unknown reasons, in the current

microarray analysis. This discrepancy may be due to dif-

ferences in study scale, disease stage, and/or participant

ethnicity.

Our current study included around 300 urine samples

and consisted of a straightforward method comprising three

independent phases: miR-6807-5p and miR-6856-5p were

selected in the discovery cohort; a novel significant bio-

marker panel, including miR-6807-5p, miR-6856-5p, and

H. pylori status, was established following multivariate

analysis of the training cohort; the diagnostic potential of

this biomarker panel was proven in the independent vali-

dation cohort. We, therefore, believe that the current study

provides high-quality evidence.

The current study has a limitation. Future studies should

elucidate the exact mechanisms between miRNAs and GC.

However, consistent significant results of both miRNAs

through all independent phases may produce strong

evidence to support the use of these biomarkers for GC.

Moreover, the GC cohort in this study featured many

patients with early-stage GC: GCs more than 60% were

stage I and most could be treated with endoscopic resec-

tion. The fact that a novel biomarker panel could detect

very early-stage GC is a notable result of this investigation.

In conclusion, a novel biomarker panel consisting of

urinary miR-6807-5p, miR-6856-5p, and H. pylori status

enabled early and non-invasive detection of GC.
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