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ABSTRACT

Micro RNA (miR)-486-5p is often aberrantly expressed in human cancers. The aim 
of this study was to identify the prognostic value of miR-486-5p expression in digestive 
system cancers. Tissue microarrays were constructed with 680 samples including 185 
esophageal squamous cell carcinomas (ESCCs), 90 gastric adenocarcinomas (GCs), 
and 60 digestive system cancer tissues from 10 ESCC, 10 GC, 10 colon, 10 rectum, 
10 liver, 10 pancreatic cancer, and corresponding normal tissues. Twenty normal 
digestive system mucosa tissues from healthy volunteers were included as normal 
controls. In GC, miR-486-5p expression was decreased in 62.8% of cases (59/94), 
increased in 33.0% (31/94), and unchanged in 4.2% (4/94); in ESCC its expression 
was decreased in 66.2% (129/195), increased in 32.3% (63/195), and unchanged 
in 1.5% (3/195). Expression of miR-486-5p was decreased in 12, and increased 
in 8, of 20 cases of colon or rectum cancer; decreased in 6, and increased in 4, 
of 10 cases of liver cancer; and decreased in 8, and increased in 2, of 10 cases of 
pancreatic cancer. Multivariate and univariate regression analysis demonstrated that 
low/unchanged miR-486-5p predicted poor prognosis in ESCC (hazard ratio [HR], 
4.32; 95% confidence interval [CI], 2.62–7.14; P < 0.001; HR, 3.88; 95% CI, 2.43–
6.22; P < 0.001, respectively) and GC (HR, 2.46; 95% CI, 1.35–4.50; P = 0.003; HR, 
2.55; 95% CI, 1.39–4.69; P = 0.002, respectively). MiR-486-5p might therefore be 
an independent tumor marker for evaluating prognosis in patients with ESCC or GC.
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INTRODUCTION

Incidence rates of esophageal cancer vary 
internationally by more than 21-fold; the highest rates are 
found in Eastern Asia and in Eastern and Southern Africa 
and the lowest rates are in Western Africa. Esophageal 
cancer is usually three to four times more common among 
men than women [1]. The two main types of esophageal 
cancer are squamous cell carcinoma and adenocarcinoma. 
From Northern Iran through Central Asia to North-Central 
China, 90% of cases are squamous cell carcinomas, 
compared with approximately 26% in the United States 
(among white individuals) [2, 3]. Patients are usually 
diagnosed with late-stage ESCC, which has limited 
treatment options. Therefore, there is a need for biomarkers 
to improve early detection and prognosis evaluation.

It is accepted that gastric carcinogenesis, like that 
of other malignancies, involves the accumulation of 
genetic and epigenetic changes [4]. However, the precise 
mechanisms underlying gastric carcinogenesis and 
prognosis remain unclear.

MicroRNAs (miRNAs) are noncoding RNA 
molecules of 18–25 nucleotides that inhibit translation 
or promote degradation of complementary messenger 
RNAs [5]. A single miRNA can influence the expression 
of hundreds of target genes, and miRNAs have been 
reported as key regulatory molecules in various 
diseases, including cancer [6]. Numerous studies 
have demonstrated that various miRNAs function as 
potential oncogenes or tumor suppressor genes during 
the progression of cancer [7], andmiRNAs have been 
associated with the carcinogenesis, metastasis, and 
prognosis of gastroesophageal cancers [8].

Aberrant expression of miR-486/miR-486-5p is 
associated with different types of disease. For example, 
high levels of circulating miR-486 are associated with 
acute myocardial infarction and may be used as a novel 
and powerful biomarker for acute myocardial infarction 
[9]. Reduced miR-486-5p expression is a common 
molecular event in human cancers [10–19] and miR-486 
is frequently downregulated in hepatocellular carcinoma 
(HCC) tissues and cell lines. miR-486 inhibition in HCC 
cells enhances proliferation, invasion, and chemosensitivity 
to sorafenib [18]. miR-486 was shown to be significantly 
downregulated in primary gastric carcinoma (GC) and GC 
cell lines, and genomic loss of the miR-486 locus has been 
shown in approximately 25–30% of GCs, consistent with a 
tumor-suppressive role [15]. In contrast, miR-486-5p was 
upregulated in tissues of renal cell carcinoma. Deregulation 
of cancer-related miR-486-5p can also be a common event 
in both benign and malignant human breast tumors [17].

Early detection of lung adenocarcinoma in sputum 
using a panel of microRNA markers has been reported. 
Monitoring changes in plasma miR-486 expression might be 
an effective non-invasive method for predicting recurrence 
of early-stage non-small-cell lung cancer (NSCLC) 
[20]. Serum miR-486-5p holds great potential for further 

applications in the clinical diagnosis of lung cancers [21] 
and could be used to stratify patients with higher recurrence 
risk and potentially guide more effective surveillance tools 
for HCC [22]. We previously systematically screened the 
plasma miRNA profiles of patients with gastric non-cardia 
adenocarcinoma and healthy controls and identified miR-
486-5p as one of five differentially expressed miRNAs [23].

However, there is an apparent contradiction between 
miR-486-5p expression in plasma and in GC tissues 
[23] and the clinical significance of miR-486-5p in GC 
remains unknown. We therefore investigated expression 
of miR-486-5p in tissues of different digestive system 
cancers including ESCC, GC, colon, rectum, liver, and 
pancreatic cancer, corresponding normal tissues, and 
normal digestive mucosa from healthy volunteers by 
miRNA locked nucleic acid (LNA) in situ hybridization, 
and evaluated its relationship with clinicopathologic 
parameters and prognosis.

RESULTS

Aberrant expression of miR-486-5p in digestive 
system cancers, paracancerous tissues, and 
normal mucosa of the digestive system

The clinical data were list in Table 1  and Table 2. 
MiR-486-5p was mainly located in the cytoplasm of cells 
from digestive system cancers, neighboring normal tissue, 
and some samples of normal digestive mucosa (Figure 1). 
In GC, miR-486-5p expression was decreased in 62.8% 
(59/94), increased in 33.0% (31/94), and unchanged in 4.2% 
(4/94) of cases. In ESCC, its expression was decreased 
in 66.2% (129/195), increased in 32.3% (63/195), and 
unchanged in 1.5% (3/195). Expression of miR-486-5p 
was decreased in 60.0% (12/20) and increased in 40.0% 
(8/20) of colon or rectum cancers; decreased in 60.0% 
(6/10) and increased in 40.0% (4/10) of liver cancers; and 
decreased in 80.0% (8/10) and increased in 20.0% (2/10) 
of pancreatic cancers. Twenty normal esophageal, gastric, 
colon, rectum, liver, and pancreatic mucosa samples from 
healthy volunteers were included as normal controls. The 
expression of miR-486-5p was positive in 90.0% (18/20) 
and negative in 10.0% of normal digestive system mucosa 
samples from healthy volunteers. Aberrant miR-486-5p 
expression was thus detected in most digestive tissues, and 
its expression was decreased in the majority of cases of 
ESCC and GC, as well as other digestive system cancers 
(P < 0.01).

Relationship between miR-486-5p expression 
and clinicopathologic features in ESCC and GC

There was a tendency towards a difference in TNM 
stage and local invasion between patients with low/
unchanged versus high expression levels of miR-486-5p 
in ESCC and GC (χ2 = 3.047, P = 0.082; χ2 = 2.912, P = 
0.088 respectively), but no significant correlations between 
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Table 1: Characteristics of the study subjects with esophageal squamous cell carcinoma

Clinicopathologic features Number Percentage (%)

Age (years)

<60 56 28.7

≥60 139 71.3

Gender

male 154 79.0

female 41 21.0

Tumor size (cm)

<5 108 54.4

≥5 87 45.6

Tumor site

Upper 3 1.5

Upper-Middle 157 80.5

Low 35 18.0

Pathological type

squamouscellcarcinoma 194 99.5

squamouscellcarcinoma combined 
with esophageal endocrine cell 
carcinoma

1 0.5

Tumor status

T1+T2 41 21.0

T3+T4 134 68.7

Unknown 20 10.3

Nodal status

negative 45 23.1

positive 135 69.2

unknown 15 7.7

Metastasis status

M0 184 94.4

M1 0 0

Unknown 11 5.6

Tumor stage

I 8 4.3

II 86 46.5

III 85 45.9

IV 6 3.3

unknown 10

Follow-up time (months) 45.6-93.6

Prognosis
(Continued)
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Table 2: Characteristics of the study subjects with gastric carcinoma

Clinicopathologic features Number Percentage (%)

Age (years)

<60 32 34.0

≥60 62 66.0

Gender

male 73 77.7

female 21 22.3

Size(cm)

<10 22 23.4

≥10 72 76.6

Tumor site

cardia 20 21.3

Body 18 19.1

antrum 38 40.4

others 18 19.2

Pathological type adenocarcinoma 94 100

Nodal status

negative 27 28.7

positive 67 71.3

Tumor stage

 I 7 7.4

II 34 36.2

III 49 52.1

IV 4 4.3

Follow up time (yeas) ( 6.6-7.3)

Prognosis

alive 24 25.5

dead 60 63.8

patients lived for 5 years 30 33.3

unknown 10 10.6

Clinicopathologic features Number Percentage (%)

alive 53 28.6

dead 132 71.4

unknown 10

patients lived for≥5 years 34 18.4

patients lived for<5 years 145 78.4

Unknown 6 3.2
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miR-486-5p expression levels and other clinicopathologic 
variables, including age, sex, tumor site, TNM stage, 
tumor size, nodal status, distant metastasis, and depth of 
tumor invasion (all P > 0.05; Tables 3, 4).

Survival analysis

The median overall survival (OS) in the study 
cohorts for ESCC and GC was 19.5 and 38 months and 

Figure 1: miRNA-486–5p levels were stained by in situ hybridization in esophageal squamous cell carcinomas (ESCC) 
and gastric carcinoma (GC). a. miR-486–5p expression in ESCC. b. miR-486–5p expression in ESCC neighboring normal tissue. c. 
miR-486–5p expression in GC. d. miR-486–5p expression in GC neighboring normal tissue.

Table 3: miR-486-5p expression and clinicopathologic features in patients with esophageal squamous cell carcinoma

Characteristics MiR-486-5p low or 
unchanged (%)

MiR-486-5p high (%) χ2 P-value

Age( years) 0.044 0.833

<60 30 (26.1) 16 (27.6)

≥60 85 (73.9) 42 (72.4)

Gender 3.090 0.079

male 96 (83.5) 41 (70.7)

female 19 (16.5) 17 (29.3)

Local invasion 0.148 0.7

T1+T2 23 (21.9) 14 (24.6)

T3+T4 82 (78.1) 43 (75.4)

TNM stage 3.047 0.082

I + II 52 (47.7) 37 (61.7)

III + IV 57 (52.3) 23 (38.3)

Nodal status 1.049 0.306

positive 60 (53.1) 26 (44.8)

negative 53 (46.9) 32 (55.2)

Tumor size(cm) 0.033 0.856

≥5 47 (44.3) 24 (42.9)

<5 59 (55.7) 32 (57.1)
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the longest OS was 93.6 and 87.6 months, respectively 
(Tables 1, 2). Kaplan–Meier analysis demonstrated 
that low or unchanged expression of miR-486-5p, 
stage of disease, tumor status, and node status were 
significant negative prognostic predictors for OS in 
patients with ESCC (P < 0.001, P < 0.001, P = 0.001, 

P < 0.001, respectively) and those with GC (P = 0.002, 
P < 0.001, P = 0.001, P = 0.005, respectively). Other 
clinicopathologic characteristics, including age, sex, 
and tumor size and location, were not significantly 
associated with prognosis in ESCC or GC (P > 0.05; 
Tables 5, 6).

Table 4: miR-486-5p expression and clinicopathologic features in patients with gastric carcinoma

Characteristics miR-486-5p 
Low/unchanged 

expression (n=57)

miR-486-5p High 
expression (n=27)

Significance

χ2 or Fisher's exact 
test

P-value

Age( years) 4.673 0.031

<60 14 (24.6) 13 (48.1)

≥60 43 (75.4) 14 (51.9)

Gender 1.117 0.291

Male 46 (80.7) 19 (70.4)

Female 11 (19.3) 8 (29.6)

Local invasion 2.912 0.088

T1+T2 5 (8.8) 6 (22.2)

T3+T4 52 (91.2) 21 (77.8)

Site 1.625 0.202

gastric cardia 13 (22.8) 3(11.1)

non-cardia 44 (77.2) 24(88.9)

TNM stage 0.455 0.5

I + II 23 (40.3) 13 (48.1)

III + IV 34 (59.7) 14 (51.9)

Nodal status 2.422 0.120

positive 45 (78.9) 17 (63.0)

negative 12 (21.1) 10 (37.0)

Distant metastasis 0.591

M0 55 (96.5) 25 (92.6)

M1 2 (3.5) 2 (7.4)

Tumor size (cm) 1.0

≥10 9 (15.8) 4 (14.8)

<10 48 (84.2) 23 (85.2)

Depth of tumor 
invasion Mucosa, 
submucosa, 
muscularis 
propria, subserosa 
Penetration of serosa, 
adjacent structures

40 (70.2) 20 (74.1) 0.712

17 (29.8) 7 (25.9) 0.136
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The prognosis of ESCC patients with low/
unchanged miR-486-5p expression was significantly 
poorer than that of ESCC patients with high miR-486-5p 
expression (P < 0.001; Figure 2). The mean survival times 
were 59.5 months for high miR-486-5p expression and 
27.8 months for low/unchanged miR-486-5p expression. 
After stratification of patients according to American 
Joint Committee on Cancer stage, low/unchanged miR-
486-5p expression remained a significant predictor of poor 
survival in stage II (34.8 vs. 63.2 months; P < 0.001, n 
= 82) and stage III (15.2 vs. 50.0 months; P < 0.001, n 
= 78) ESCC. Variables that were significantly associated 
with OS in univariate analysis were included in Cox 
proportional hazards, multivariate regression analysis.

The prognosis of GC patients with low/unchanged 
miR-486-5p expression was significantly poorer than 
that of GC patients with high miR-486-5p expression (P 
< 0.001; Figure 2). The mean survival times were 61.9 

months for high miR-486-5p expression and 36.7 months 
for low/unchanged miR-486-5p expression.

In univariate analysis for ESCC, tumor status (hazard 
ratio [HR], 2.12; 95% confidence interval [CI], 1.31–3.43; P 
= 0.002), stage (HR, 2.24; 95% CI, 1.57–3.19; P < 0.001), 
lymph node metastasis (HR, 1.94; 95% CI, 1.37–2.76; P 
< 0.001), low/unchanged miR-486-5p (HR, 4.32; 95% CI, 
2.62–7.14; P < 0.001), and tumor size (HR, 1.92; 95% CI, 
1.18–3.12; P = 0.009) predicted poor prognosis. Age (HR, 
1.098; 95% CI, 0.71–1.70; P = 0. 675), sex (HR, 0.91; 
95% CI, 0.58–1.43; P = 0.688), and pathologic grade (HR, 
0.876; 95% CI, 0.56–1.37; P = 0.562) were not correlated 
to prognosis (P > 0.05) (Table 7). Moreover, in multivariate 
analysis for ESCC, tumor status (HR, 1.89; 95% CI, 1.12–
3.19; P = 0.018), stage (HR, 2.46; 95% CI, 1.66–3.65; P < 
0.001), lymph node metastasis (HR, 1.87; 95% CI, 1.26–2.78; 
P < 0.001), and low/unchanged miR-486-5p (HR, 3.88; 95% 
CI, 2.43–6.22; P < 0.001) predicted poor prognosis (Table 7).

Table 5: Univariate analysis of survival in esophageal squamous cell carcinoma

Variable Mean survival time Month (±SE) 95% CI (Month) P

Age (years) 0.573

<60 39.5 (4.9) 29.9 -49.0

≥60 38.2 (3.2) 31.9 -44.6

Gender 0.483

Male 40.0 (3.1) 24.0-46.1

Female 24.7 (3.3) 18.2-31.1

Pathological grade 0.978

I–II 39.2 (3.2) 33.0-45.4

III 37.1 (5.2) 26.8-47.3

Stage of disease 0.000

I–II 50.7 (4.0) 42.8 -58.6

III –IV 22.6 (2.8) 17.2-28.0

Tumor status (p) 0.001

T1-T2 47.7 (5.1) 37.7-57.6

T3-T4 32.7 (3.0) 26.9-38.5

Node status 0.000

Negative 49.4 (4.1) 41.4-57.5

Positive 26.9 (3.0) 21.1-32.8

MiR-486-5p 0.000

High expression 59.5 (4.4) 50.8-68.2

Low/unchanged 27.8 (2.7) 22.4-33.3

Tumor size (cm)

≥5 37.2 (4.1) 18.5-38.2 0.286

<5 40.4 (3.6) 29.2-45.3
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In univariate analysis for GC, tumor status (HR, 
7.23; 95% CI, 1.76–29.72; P = 0.006), stage (HR, 2.64; 
95% CI, 1.51–4.62; P = 0.001), lymph node metastasis 
(HR, 2.53; 95% CI, 1.28–5.02; P = 0.008), low/unchanged 
miR-486-5p (HR, 2.46; 95% CI, 1.35–4.50; P = 0.003), 
and tumor size (HR, 1.97; 95% CI, 1.04–3.76; P = 0.039) 
predicted poor prognosis. Age (HR, 1.12; 95% CI, 0.64–
1.95; P = 0. 692) and sex (HR, 1.02; 95% CI, 00.55–1.88; 
P = 0.956) were not correlated to prognosis (P > 0.05) 
(Table 8). Moreover, in multivariate analysis for GC, stage 
(HR, 2.72; 95% CI, 1.55–4.78; P < 0.001), low/unchanged 
miR-486-5p (HR, 2.55; 95% CI, 1.39–4.69; P = 0.002), 
and tumor size (HR, 2.09; 95% CI, 1.07–4.05; P = 0.03) 
predicted poor prognosis (Table 8).

DISCUSSION

To date, the antiapoptotic genes OLFM4 [15], SIRT1 
[24], PIM-1 [25], and DOCK3 [26], the tumor suppressor 
PTEN [27, 28], the cell proliferation and invasion genes 
CITRON and CLDN10 [18], and FGF9 [29] expressed 
by cancer-associated fibroblasts have been reported as 
potential targets for miR-486/miR-486-5p in malignant 
disease. However, the mechanistic role of miR-486-5p 
as either an oncogene or tumor suppressor in digestive 
system cancers remains largely unknown.

MiR-486-5p was also shown to directly inhibit 
PIK3R1 expression in gastric cancer cells [30]. In our 
previous study, we found that miR-486-5p inhibits FGF9 

Table 6: Univariate analysis of survival in gastric carcinoma

Variable Mean survival time Month 
(±SE)

95% CI (Month) P

Age (years) 0.689

<60 46.5 (6.2) 34.4-58.6

≥60 43.7 (4.1) 35.8-51.7

Gender

Male 44.7 (3.9) 37.1-52.4 0.955

Female 44.8 (7.0) 31.2-58.4

Tumor site 0.365

Gastric cardia 38.3 (6.2) 26.2-50.4

Non-cardia 46.2 (3.9) 38.5-53.9

Stage of disease <0.001

I–II 58.5 (5.2) 48.2-68.8

III –IV 34.4 (3.9) 26.8-42.1

Tumor status (p) 0.001

T1-T2 76.1 (8.1) 60.3-91.9

T3-T4 39.9 (3.4) 33.3-46.5

Node status 0.005

Negative 61.3 (6.7) 48.1-74.5

Positive 38.9 (3.7) 31.7-46.2

Distant metastasis 0.120

No 45.8 (3.5) 38.9-52.8

Yes 25.0 (6.6) 12.0-38.0

MiR-486-5p 0.002

High expression 61.9 (5.2) 51.6-72.2

Low/unchanged 36.7 (3.9) 29.0-44.5

Tumor size (cm) 0.034

≥10 30.4 (6.7) 17.3-43.6

<10 47.7 (3.8) 40.3-55.1
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and that high expression of miR-486-5p in GC is associated 
with shorter overall survival [29]. In addition to increased 
levels of circulating miR-486-5p in the plasma of patients 
with GC or lung cancer in our previous study [23, 31], 
levels of miR-486-5p in saliva and saliva supernatant 
are significantly upregulated and show great promise as 
biomarkers for the detection of esophageal cancer [32]. 
In a previous study, increased plasma levels of miR-21 
tended to be associated with greater vascular invasion 
(P = 0.1554) and showed a high correlation with recurrence 
(P = 0.0164) in ESCC [33]. However, the expression and 
prognostic value of miR-486-5p in patients with resected 
ESCC is unknown.

In our current study, the expression of miR-486-5p 
was increased in 90.0% (18/20) of esophageal, gastric, 
colon, rectum, liver, and pancreatic mucosa from healthy 
volunteers and decreased in 10.0% of normal digestive 
system mucosa samples. MiR-486-5p may have a 
protective function in healthy volunteers, as supported by 
a study suggesting that miR-486-5p inhibits pulmonary 
fibrosis [34]. We compared miR-486-5p expression levels 
in ESCC and paracancerous tissues by miRNA-LNA 
in situ hybridization and showed that miR-486-5p 
expression was significantly decreased in most, but not 
all, ESCC tissues—expression was decreased in 66.2% 
(129/195), increased in 32.3% (63/195), and unchanged 

Figure 2: Survival curves in patients with ESCC and GC according to miRNA-486-5p levels. a. Overall survival curves 
in patients with ESCC according to miRNA-486-5p levels (P < 0.001). b. Survival curves in stage II ESCC according to miRNA-486-5p 
levels (P < 0.001). c. Survival curves in stage III GC according to miRNA-486-5p levels (P = 0.001). d. Survival curves in patients with 
GC according to miRNA-486-5p levels (P = 0.002).
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in 1.5% (3/195) of ESCC tissues compared with paracan
cerous normal tissue. This suggests that miR-486-5p 
expression might have different prognostic implications 
in different individuals. MiR-486-5p was previously found 
to be markedly overexpressed in most primary glioma 
tissues compared with paired tumor-adjacent brain tissues, 
which significantly correlated with NF-kappaB activation 
status [35].

To the best of our knowledge, this study is the first 
to systematically explore the expression of miR-486-5p 
and its association with clinicopathologic features and 
prognosis of ESCC, GC, and other types of digestive 
system cancers, with a view to identifying curative 
therapies. Navon and colleagues recently reported that 
miR-486 was the top ranking underexpressed miRNA in 
cancer based on minRCoS ranking [12]. However, we 
found overexpression of miR-486-5p in 32.3% (63/195) 
of ESCC, 33.0% (31/94) of GC, 40.0% (8/20) of colon 
or rectum cancer, 40.0% (4/10) of liver cancer, and 

20.0% (2/10) of pancreatic cancer patients. This implies 
heterogeneous expression of miR-486-5p, with high 
expression in a fraction of digestive system cancers. 
Moreover, we showed for the first time that miR-486-
5p expression is increased in most esophageal, gastric, 
colon, rectum, liver, and pancreatic mucosal tissues from 
healthy volunteers. A previous four-phase study detected 
increased miR-486-5p expression during the early stage 
of GC and identified five plasma miRNAs (miR-16, miR-
25, miR-92a, miR-451, and miR-486-5p) that might serve 
as potential diagnostic markers for early-stage gastric 
non-cardia adenocarcinoma [23]. Our research group 
previously found that miR-486-5p, as one member of the 
four-miRNA signature from the serum, may serve as a 
noninvasive predictor for the overall survival of NSCLC 
[31]. In the present study, ESCC and GC patients with 
higher miR-486-5p expression showed better prognoses 
than those with lower or unchanged expression. Moreover, 
univariate and multivariate Cox regression analysis of 

Table 7: Multivariate cox regression analysis of potential prognostic factors for survival in patients with esophageal 
squamous cell carcinoma

Variables Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Tumor status, T3-T4 vs. T1-T2 7.23 (1.76-29.72) 0.006 0.243 (0.056-1.049) 0.058

Stage, III–IV vs. I–II 2.64 (1.51-4.62) 0.001 0.367 (0.209-0.644) 0.000

LNM, yes vs. no 2.53 (1.28-5.02) 0.008 0.472

Low 486-5p vs. High 486-5p 2.46 (1.35-4.50) 0.003 2.55 (1.39- 4.69) 0.002

Tumor size (cm), ≥10 vs. <10 1.97 (1.04-3.76) 0.039 0.479 (0.247-0.932) 0.03

Age (years), ≥60 vs.<60 1.12 (0.64–1.95) 0.692 0.488

Gender, male vs. female 1.02 (0.55–1.88) 0.956 0.956

Pathological grade, III vs. I II 1.48 (0.80–2.75) 0.212 0.621

Table 8: Multivariate cox regression analysis of potential prognostic factors for survival in patients with gastric 
carcinoma

Variables Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Tumor status, T3-T4 vs. T1-T2 7.23 (1.76-29.72) 0.006 0.243 (0.056-1.049) 0.058

Stage, III–IV vs. I–II 2.64 (1.51-4.62) 0.001 0.367 (0.209-0.644) 0.000

LNM, yes vs. no 2.53 (1.28-5.02) 0.008 0.472

Low 486-5p vs. High 486-5p 2.46 (1.35-4.50) 0.003 2.55 (1.39- 4.69) 0.002

Tumor size (cm), ≥10 vs. <10 1.97 (1.04-3.76) 0.039 0.479 (0.247-0.932) 0.03

Age (years), ≥60 vs.<60 1.12 (0.64–1.95) 0.692 0.488

Gender, male vs. female 1.02 (0.55–1.88) 0.956 0.956

Pathological grade, III vs. I II 1.48 (0.80–2.75) 0.212 0.621

Abbreviations: HR hazard ratio, CI confidence interval, LNM lymph node metastasis
*P < 0.05, statistically significant
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potential prognostic factors for survival identified a 
significant relationship between low/unchanged miR-486-
5p expression and poor prognosis of ESCC (P < 0.001, 
P < 0.001 respectively) and GC (P = 0.002, P = 0.003 
respectively). These results are in accordance with our 
previous finding that high expression of miR-486-5p in 
gastric cancer implied better prognosis [29]. Therefore, the 
detection of miR-486-5p in the circulation or tissues may 
provide new information to help in early diagnosis and 
prognostic evaluation of digestive system cancers, even 
though the molecular function of miR-486-5p in digestive 
system cancers remains unknown.

Several possible explanations for the observed 
downregulation of miR-486-5p in tumor tissues have 
been reported. For example, miR-486-5p is located on 
chromosome 8p11.21, which is one of the most frequently 
deleted genomic regions containing potential tumor 
suppressor genes, in various types of tumors including GC 
and lung cancer [15, 36]. In our previous work, we found 
FGF9 is one of potential target genes of miR-486-5p in 
GC. FGF9 expression was decreased in 69.0% (58/84) of 
GC samples compared with normal paracancerous tissues 
using immunohistochemical analysis[29].

The results of this study indicate that digestive 
system cancers, especially cases of ESCC and GC with 
low or unchanged miR-486-5p expression compared 
with neighboring normal tissues, have a relatively poor 
prognosis, whereas high miR-486-5p expression is 
associated with a better prognosis. Although further 
studies are needed to confirm this work, these results 
suggest that miR-486-5p may represent a valuable 
independent prognostic indicator, as well as a potential 
target for the treatment of digestive system cancers.

MATERIALS AND METHODS

Patients and tissue samples

Four biochips were used to detect miR-486-5p 
in digestive system cancers, especially ESCC, and 
neighboring normal tissues, and normal digestive normal 
mucosa were also included as controls. A total of 680 
digestive cancer tissues, neighboring normal tissues, 
and normal digestive normal mucosa were included in 
the study. Samples from tumor tissue, corresponding 
neighboring normal tissue, and complete normal mucosa 
were collected from patients with histologically diagnosed 
digestive cancers who underwent surgical resection 
between June 2006 and December 2010. Data for 12 
patients were excluded because the corresponding dots 
were not on the chips during this experiment or because 
of loss to follow-up. Paraffin-embedded tissue samples 
were collected retrospectively from archival material 
stored in the Biobank Center at the National Engineering 
Center for Biochip at Shanghai (Shanghai Outdo Biotech 
Cop., Ltd).

First, miR-486-5p expression was preliminarily 
detected in 140 dots on the digestive system chip. Second, 
miR-486-5p was independently validated in 360 dots for 
ESCC and neighboring normal tissues. Third, the clinical 
and prognostic value of miR-486-5p expression was 
evaluated for ESCC.

The following clinicopathologic data were obtained 
from the original pathology reports: age, sex, tumor 
size, location and invasion, lymph node metastases, 
grade of differentiation, and tumor stage. Staging of GC 
was assessed according to American Joint Committee 
on Cancer criteria. The clinical and pathologic data for 
the patients are provided in Table 1. Written informed 
consent was obtained from all patients, and the protocol 
was approved by the Ethical Committee of the National 
Engineering Center for Biochip at Shanghai.

Follow-up times were measured from the date of 
surgery to the date of death for all 185 ESCC patients. 
Data for 7 ESCC and 6 GC patients were excluded from 
miR-486-5p analysis because the dots were not included in 
the chips used in this experiment. The last follow-up point 
was in September 2014. The median follow-up time was 
5.9 years (range 3.8–7.8 years). Among the patients, 132 
died during the follow-up period.

Tissue microarray construction

Tissue microarrays were constructed using 
appropriate tissue cores from formalin-fixed and paraffin-
embedded samples as described previously [37]. Briefly, 
appropriate tumor areas and corresponding non-tumor 
gastric samples were selected by pathologists and a single 
core (diameter 0.6 mm) was taken from each tissue. Tissue 
microarray blocks were constructed using an automated 
tissue arrayer (Beecher Instruments, Sun Prairie, WI, 
USA). The array blocks were cut into 5-μm sections, and 
the sections were stained with hematoxylin and eosin to 
verify the presence of tumor cells. In all cases, tissue cores 
obtained from normal adjacent tissue served as internal 
controls.

miRNA-LNA in situ hybridization

miRNA-LNA in situ hybridization was performed 
using antisense oligonucleotide probes for miR-486-
5p (Exiqon Inc., Woburn, MA, USA) with Scramble-
miR as a negative control. A solution of 20 nM probe 
in hybridization buffer was applied to the array slides, 
which were covered with Nescofilm (Bando Chemical 
Co., Kombe, Japan) and overnight at 55°C in a humidified 
chamber. Hybridized probes were detected by incubation 
with anti-digoxigenin–alkaline phosphatase conjugate at 
37°C for 30 min, followed by nitro blue tetrazolium/5-
bromo-4-chloro-3-indolyl-phosphate to develop a blue 
color. Finally, the cells were counterstained with nuclear 
fast red for 3–5 min and mounted on slides. Sections were 
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scored as follows: 0, ≤5% labeled cells; 1, 5–30% labeled 
cells; 2, 31–70% labeled cells; 3, ≥71% labeled cells. The 
staining intensity was scored similarly, with 0 indicating 
negative staining, 1 weakly positive, 2 moderately 
positive, and 3 strongly positive. The scores for the 
percentage of positive tumor cells and staining intensity 
were summed to generate an immunoreactive score for 
each specimen. A final score of 0–1 indicated negative 
expression (−), 2–3 indicated weak expression (+), 4–5 
indicated moderate expression (++), and 6 indicated strong 
expression (+++). Each sample was examined separately 
and scored by two pathologists [38]. In this analysis, 
differences in the expression level of miR-486-5p in ESCC 
tissues are expressed relative to the level of miR-486-5p 
in normal paracancerous tissues. In our research, increased 
levels of miR-486–5p in GC samples indicate that the final 
score of miR-486–5p expression in GC is higher than that 
of normal paracancerous tissues. Decreased levels of miR-
486–5p in GC indicate that thefinal score of miR-486–5p 
expression in GC samples is higher than that of normal 
paracanceroustissues. Unchanged levels of miR-486–5p 
in GC samples indicate that the final score ofmiR-486–
5p expression in GC samples is equal to that of normal 
paracancerous tissues.

And the expression level of miR-486-5p in normal 
mucosal samples from healthy volunteers are used as 
normal internal controls. The expression of miR-486-5p 
in normal mucosal samples were judged as positive or 
negative by the staining status.

Statistical analysis

Associations between clinicopathologic parameters 
and miR-486-5p expression were analyzed using χ2-tests. 
When sample numbers in some categorical cells were 
lower than 5, the Fisher’s exact test was employed. Overall 
survival was calculated and survival curves were plotted 
using the Kaplan–Meier method; differences between 
groups were compared using log-rank tests. Significant 
variables in univariate models were further analyzed by 
multivariate Cox proportional hazards regression models 
to identify independent prognostic factors. All analyses 
were performed using the SPSS software package (SPSS 
Inc., Chicago, IL, USA, version 17.0). All tests were two-
sided and P values < 0.05 were considered statistically 
significant.

GRANT SUPPORT

This study was supported by the National Nature 
Science Foundation of China (81573220), the Foundation 
of China Postdoctoral Studies (M2013541699), 
the Foundation of Jiangsu Province Postdoctoral 
Studies(1302149C), and the Foundation for Yong Scholar 
in Yangzhou (YZ2014046).

CONFLICTS OF INTEREST

Authors declare no competing financial interests.

REFERENCES

1.	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and 
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin. 
2015; 65:87-108.

2.	 Tran GD, Sun XD, Abnet CC, Fan JH, Dawsey SM, Dong 
ZW, Mark SD, Qiao YL and Taylor PR. Prospective study 
of risk factors for esophageal and gastric cancers in the 
Linxian general population trial cohort in China. Int J 
Cancer. 2005; 113:456-463.

3.	 Islami F, Kamangar F, Aghcheli K, Fahimi S, Semnani S, 
Taghavi N, Marjani HA, Merat S, Nasseri-Moghaddam S, 
Pourshams A, Nouraie M, Khatibian M, Abedi B, Brazandeh 
MH, Ghaziani R, Sotoudeh M, et al. Epidemiologic features 
of upper gastrointestinal tract cancers in Northeastern Iran. 
Br J Cancer. 2004; 90:1402-1406.

4.	 Hartgrink HH, Jansen EP, van Grieken NC and van de 
Velde CJ. Gastric cancer. Lancet. 2009; 374:477-490.

5.	 Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, 
and function. Cell. 2004; 116:281-297.

6.	 van Kouwenhove M, Kedde M and Agami R. MicroRNA 
regulation by RNA-binding proteins and its implications for 
cancer. Nat Rev Cancer. 2011; 11:644-656.

7.	 Villarroya-Beltri C, Gutierrez-Vazquez C, Sanchez-Cabo 
F, Perez-Hernandez D, Vazquez J, Martin-Cofreces N, 
Martinez-Herrera DJ, Pascual-Montano A, Mittelbrunn M 
and Sanchez-Madrid F. Sumoylated hnRNPA2B1 controls 
the sorting of miRNAs into exosomes through binding to 
specific motifs. Nat Commun. 2013; 4:2980.

8.	 Song JH and Meltzer SJ. MicroRNAs in pathogenesis, 
diagnosis, and treatment of gastroesophageal cancers. 
Gastroenterology. 2012; 143:35-47 e32.

9.	 Zhang R, Lan C, Pei H, Duan G, Huang L and Li L. 
Expression of circulating miR-486 and miR-150 in patients 
with acute myocardial infarction. BMC Cardiovasc Disord. 
2015; 15:51.

10.	 Shen J, Liu Z, Todd NW, Zhang H, Liao J, Yu L, Guarnera 
MA, Li R, Cai L, Zhan M and Jiang F. Diagnosis of lung 
cancer in individuals with solitary pulmonary nodules by 
plasma microRNA biomarkers. BMC Cancer. 2011; 11:374.

11.	 Tan X, Qin W, Zhang L, Hang J, Li B, Zhang C, Wan J, 
Zhou F, Shao K, Sun Y, Wu J, Zhang X, Qiu B, Li N, Shi S, 
Feng X, et al. A 5-microRNA signature for lung squamous 
cell carcinoma diagnosis and hsa-miR-31 for prognosis. 
Clin Cancer Res. 2011; 17:6802-6811.

12.	 Navon R, Wang H, Steinfeld I, Tsalenko A, Ben-Dor A 
and Yakhini Z. Novel rank-based statistical methods reveal 
microRNAs with differential expression in multiple cancer 
types. PLoS One. 2009; 4:e8003.



Oncotarget15852www.impactjournals.com/oncotarget

13.	 Bansal A, Lee IH, Hong X, Anand V, Mathur SC, Gaddam 
S, Rastogi A, Wani SB, Gupta N, Visvanathan M, 
Sharma P and Christenson LK. Feasibility of mcroRNAs 
as biomarkers for Barrett's Esophagus progression: a 
pilot cross-sectional, phase 2 biomarker study. Am J 
Gastroenterol. 2011; 106:1055-1063.

14.	 Ragusa M, Majorana A, Statello L, Maugeri M, Salito L, 
Barbagallo D, Guglielmino MR, Duro LR, Angelica R, 
Caltabiano R, Biondi A, Di Vita M, Privitera G, Scalia 
M, Cappellani A, Vasquez E, et al. Specific alterations of 
microRNA transcriptome and global network structure in 
colorectal carcinoma after cetuximab treatment. Mol Cancer 
Ther. 2010; 9:3396-3409.

15.	 Oh HK, Tan AL, Das K, Ooi CH, Deng NT, Tan IB, 
Beillard E, Lee J, Ramnarayanan K, Rha SY, Palanisamy 
N, Voorhoeve PM and Tan P. Genomic loss of miR-486 
regulates tumor progression and the OLFM4 antiapoptotic 
factor in gastric cancer. Clin Cancer Res. 2011; 
17:2657-2667.

16.	 Peng Y, Dai Y, Hitchcock C, Yang X, Kassis ES, Liu L, 
Luo Z, Sun HL, Cui R, Wei H, Kim T, Lee TJ, Jeon YJ, 
Nuovo GJ, Volinia S, He Q, et al. Insulin growth factor 
signaling is regulated by microRNA-486, an underexpressed 
microRNA in lung cancer. Proc Natl Acad Sci U S A. 2013; 
110:15043-15048.

17.	 Tahiri A, Leivonen SK, Luders T, Steinfeld I, Ragle 
Aure M, Geisler J, Makela R, Nord S, Riis ML, Yakhini 
Z, Kleivi Sahlberg K, Borresen-Dale AL, Perala M, et al. 
Deregulation of cancer-related miRNAs is a common 
event in both benign and malignant human breast tumors. 
Carcinogenesis. 2013; 35:76-85.

18.	 Sun H, Cui C, Xiao F, Wang H, Xu J, Shi X, Yang Y, 
Zhang Q, Zheng X, Yang X, Wu C and Wang L. miR-486 
regulates metastasis and chemosensitivity in hepatocellular 
carcinoma by targeting CLDN10 and CITRON. Hepatol 
Res. 2015; 45:1312-1322.

19.	 Konishi H, Ichikawa D, Komatsu S, Shiozaki A, Tsujiura 
M, Takeshita H, Morimura R, Nagata H, Arita T, 
Kawaguchi T, Hirashima S, Fujiwara H, Okamoto K and 
Otsuji E. Detection of gastric cancer-associated microRNAs 
on microRNA microarray comparing pre- and post-
operative plasma. Br J Cancer. 2012; 106:740-747.

20.	 Li W, Wang Y, Zhang Q, Tang L, Liu X, Dai Y, Xiao L, 
Huang S, Chen L, Guo Z, Lu J and Yuan K. MicroRNA-486 
as a Biomarker for Early Diagnosis and Recurrence of Non-
Small Cell Lung Cancer. PLoS One. 2015; 10:e0134220.

21.	 Li Y, Liang L and Zhang CY. Isothermally sensitive 
detection of serum circulating miRNAs for lung cancer 
diagnosis. Anal Chem. 2013; 85:11174-11179.

22.	 Wang L, Liu M, Zhu H, Rong W, Wu F, An S, Liu F, Feng 
L, Wu J and Xu N. Identification of recurrence-related 
serum microRNAs in hepatocellular carcinoma following 
hepatectomy. Cancer Biol Ther. 2015; 16:1445-1452.

23.	 Zhu C, Ren C, Han J, Ding Y, Du J, Dai N, Dai J, Ma 
H, Hu Z, Shen H, Xu Y and Jin G. A five-microRNA 

panel in plasma was identified as potential biomarker 
for early detection of gastric cancer. Br J Cancer. 2014; 
110:2291-2299.

24.	 Kim YJ, Hwang SH, Lee SY, Shin KK, Cho HH, Bae YC 
and Jung JS. miR-486-5p induces replicative senescence 
of human adipose tissue-derived mesenchymal stem cells 
and its expression is controlled by high glucose. Stem Cells 
Dev. 2012; 21:1749-1760.

25.	 Zhang G, Liu Z, Cui G, Wang X and Yang Z. 
MicroRNA-486-5p targeting PIM-1 suppresses cell 
proliferation in breast cancer cells. Tumour Biol. 2014; 
35:11137-11145.

26.	 Alexander MS, Casar JC, Motohashi N, Vieira NM, 
Eisenberg I, Marshall JL, Gasperini MJ, Lek A, Myers 
JA, Estrella EA, Kang PB, Shapiro F, Rahimov F, et al. 
MicroRNA-486-dependent modulation of DOCK3/
PTEN/AKT signaling pathways improves muscular 
dystrophy-associated symptoms. J Clin Invest. 2014; 
124:2651-2667.

27.	 Small EM, O'Rourke JR, Moresi V, Sutherland LB, 
McAnally J, Gerard RD, Richardson JA and Olson EN. 
Regulation of PI3-kinase/Akt signaling by muscle-
enriched microRNA-486. Proc Natl Acad Sci U S A. 2010; 
107:4218-4223.

28.	 Tetzlaff MT, Curry JL, Yin V, Pattanaprichakul P, 
Manonukul J, Uiprasertkul M, Manyam GC, Wani KM, 
Aldape K, Zhang L, Prieto VG and Esmaeli B. Distinct 
Pathways in the Pathogenesis of Sebaceous Carcinomas 
Implicated by Differentially Expressed MicroRNAs. JAMA 
ophthalmology. 2015; 133:1109-1116.

29.	 Chen H, Ren C, Han C, Wang D, Chen Y and Fu D. 
Expression and Prognostic Value of miR-486-5p in 
Patients with Gastric Adenocarcinoma. PLoS One. 2015; 
10:e0119384.

30.	 Huang XP, Hou J, Shen XY, Huang CY, Zhang XH, Xie YA 
and Luo XL. MicroRNA-486-5p, which is downregulated 
in hepatocellular carcinoma, suppresses tumor growth by 
targeting PIK3R1. FEBS J. 2015; 282:579-594.

31.	 Hu Z, Chen X, Zhao Y, Tian T, Jin G, Shu Y, Chen Y, 
Xu L, Zen K, Zhang C and Shen H. Serum microRNA 
signatures identified in a genome-wide serum microRNA 
expression profiling predict survival of non-small-cell lung 
cancer. J Clin Oncol. 2010; 28:1721-1726.

32.	 Xie Z, Chen G, Zhang X, Li D, Huang J, Yang C, Zhang P, 
Qin Y, Duan Y, Gong B and Li Z. Salivary microRNAs as 
promising biomarkers for detection of esophageal cancer. 
PLoS One. 2013; 8:e57502.

33.	 Komatsu S, Ichikawa D, Takeshita H, Tsujiura M, 
Morimura R, Nagata H, Kosuga T, Iitaka D, Konishi 
H, Shiozaki A, Fujiwara H, Okamoto K and Otsuji 
E. Circulating microRNAs in plasma of patients with 
oesophageal squamous cell carcinoma. Br J Cancer. 2011; 
105:104-111.

34.	 Ji X, Wu B, Fan J, Han R, Luo C, Wang T, Yang J, Han L, 
Zhu B, Wei D, Chen J and Ni C. The Anti-fibrotic Effects 



Oncotarget15853www.impactjournals.com/oncotarget

and Mechanisms of MicroRNA-486-5p in Pulmonary 
Fibrosis. Sci Rep. 2015; 5:14131.

35.	 Song L, Lin C, Gong H, Wang C, Liu L, Wu J, Tao S, Hu 
B, Cheng SY, Li M and Li J. miR-486 sustains NF-kappaB 
activity by disrupting multiple NF-kappaB-negative 
feedback loops. Cell Res. 2013; 23:274-289.

36.	 Wang J, Tian X, Han R, Zhang X, Wang X, Shen H, Xue 
L, Liu Y, Yan X, Shen J, Mannoor K, Deepak J, Donahue 
JM, Stass SA, Xing L and Jiang F. Downregulation of miR-
486-5p contributes to tumor progression and metastasis 

by targeting protumorigenic ARHGAP5 in lung cancer. 
Oncogene. 2014; 33:1181-1189.

37.	 He C, Jiang H, Geng S, Sheng H, Shen X, Zhang X, Zhu 
S, Chen X, Yang C and Gao H. Expression and prognostic 
value of c-Myc and Fas (CD95/APO1) in patients with 
pancreatic cancer. Int J Clin Exp Pathol. 2014; 7:742-750.

38.	 Zhang CZ, Zhang JX, Zhang AL, Shi ZD, Han L, Jia ZF, 
Yang WD, Wang GX, Jiang T, You YP, Pu PY, Cheng JQ 
and Kang CS. MiR-221 and miR-222 target PUMA to induce 
cell survival in glioblastoma. Mol Cancer. 2010; 9:229.


