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INTRODUCTION 
 

Esophageal carcinoma ranked as the ninth most 

common cancer worldwide in 2018, with both new 

cases and deaths exceeding 500,000 and a 5-year 

survival of ~20% [1]. Esophageal squamous cell 

carcinoma (ESCC) is the predominant esophageal 

carcinoma histological subtype in China, and lack of 

early disease signs contributes to its high prevalence 

and morbidity [2]. Attending to the pressing need for 

more accurate biomarkers for early diagnosis and 

treatment of ESCC and other cancers, much attention is 

being devoted to the study of microRNAs (miRNAs),  

 

which have shown to influence tumor development by 

dynamic post-transcriptional regulation of gene 

expression [3, 4]. Research has shown that several 

miRNAs are differentially expressed in ESCC and may 

contribute to its development. For example, upregulated 

expression of miR-502 and miR-26b regulates ESCC 

cell proliferation and tumor progression by promoting 

the phosphorylation of AKT and controlling cell  

cycle transitions, respectively [5, 6]. In contrast, two 

miRNAs downregulated in ESCC function as tumor 

suppressors; miR-302b represses the expression of erb-

b2 receptor tyrosine kinase 4 (ErbB4) whereas miR-134 

downregulates PLXNA1 and blocks the mitogen-
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indicated the potential involvement of these miRNAs in tumorigenesis-related processes and pathways, 
while both differential expression and correlation with T stage were demonstrated for each miRNA in a 
cohort of ESCC patients. Overexpression showed that miR-196a-5p increased, whereas miR-1-3p 
attenuated, proliferation and invasion in human ESCC cell lines grown in vitro. These findings suggest miR-
196a-5p and miR-1-3p jointly contribute to ESCC tumorigenesis and are potential targets for diagnosis and 
treatment. 
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activated protein kinase (MAPK) signaling pathway [7, 

8]. However, given the heterogeneous nature of ESCC, 

other relevant transcripts among the many differentially 

expressed miRNAs are likely to affect ESCC 

pathogenesis. 

 

By allowing parallel processing of massive quantities 

of high-throughput sequencing data, bioinformatics 

plays now a very important role in the exploration of 

disease mechanisms and is providing valuable insights 

into the landscape of differentially expressed genes 

and key regulatory non-protein-coding RNAs 

(ncRNAs) involved in ESCC development and 

metastasis [9–11]. In this study we applied 

bioinformatics tools to interrogate two GEO datasets 

with the goal of identifying differentially expressed 

miRNAs (DEMs) in ESCC. Analysis of miRNA target 

genes is of primary importance. MiRTarBase contains 

the target genes of miRNA that have been verified by 

experiments, and we can further analyze their 

differential expression level in tumors through 

UALCAN. DAVID can help us carry out Gene 

Ontology (GO) and Kyoto Encyclopedia of Genes and 

Genomes (KEGG) pathway analyses to point out the 

signaling pathways that these target genes may be 

involved in. Cytoscape software can helps us visualize 

miRNA-target gene pairs. miRNACancerMAP can 

also analyze the signal pathways that miRNA may be 

involved in through published literature. Through the 

application of the above database tools, we unmasked 

two DEMs, each one potentially regulating several hub 

genes dysregulated in ESCC, and verified their 

expression and prognostic value on ESCC. After 

expression and clinicopathological correlation analyses 

on internal ESCC cases, we asserted through miRNA 

mimics transfection significant and opposing effects of 

the two DEMs on the proliferation and migratory 

ability of human ESCC cell lines cultured in vitro. Our 

findings may advance further research to define the 

prognostic value of these miRNAs and their 

therapeutic potential to block ESCC progression. 

 

RESULTS 
 

Screening and identification of differentially 

expressed miRNAs and target genes in ESCC 
 

To identify differentially expressed miRNAs (DEMs) in 

ESCC, data from two independent miRNA expression 

arrays (GSE114110 and GSE43732) [12, 13] were 

downloaded from the GEO database and normalized 

using the limma software package of R language 

(Figure 1A–1D). According to the thresholds set  

(p < 0.05 and log2FC ≥ 1), 277 and 68 DEMs were 

found in GSE114110 and GSE43732, respectively. 

Subsequently, we obtained the top 20 DEMs in each 

dataset (Tables 1 and 2 and Figure 1E and 1F), and 

identified through Venn diagram analysis three 

upregulated and five downregulated DEMs held in 

common between the two datasets (Figure 1G and 1H). 

Based on these eight DEMs, miRNA-target gene 

interactions were evaluated using the experimentally 

validated miRTarBase database [14]. A total of 468 and 

753 possible target genes, respectively, were thus 

identified for the three upregulated and five 

downregulated hub miRNAs. 

 

Gene Ontology (GO) and Kyoto Encyclopedia of 

Genes and Genomes (KEGG) pathway analyses of 

hub miRNAs’ target genes 
 

GO functional annotation analysis results indicated 

that for targets of the three upregulated miRNAs the 

most enriched terms were ‘regulation of transcription 

from RNA polymerase II promoter’ and ‘positive 

regulation of transcription’ in the biological process 

(BP) category, ‘focal adhesion’ and ‘ficolin-1-rich 

granule lumen’ in the cellular component (CC) 

category, and ‘RNA and DNA binding’ in the 

molecular function (MF) category (Figure 2A–2C). In 

turn, the target genes of the five downregulated 

miRNAs were mostly enriched in ‘negative regulation 

of apoptosis’ and ‘programmed cell death’ in the BP 

category, ‘focal adhesion’ and ‘actin cytoskeleton’ in 

the CC category, and ‘cadherin binding’ and ‘RNA 

binding’ in the MF category (Figure 2E–2G). KEGG 

pathway analysis showed that for targets of the 

upregulated miRNAs the most enriched pathways were 

‘microRNAs in cancer’, ‘phosphoinositide 3-kinase 

(PI3K)-AKT signaling pathway’, and ‘cell cycle’ 

(Figure 2D). For targets of the downregulated 

miRNAs, the most enriched pathways were ‘cancer’, 

‘focal adhesion’, and ‘proteoglycans in cancer’ 

(Figure 2H). 

 

Construction of target gene-PPI and miRNA-hub 

gene networks 

 

To identify hub genes among the targets of the eight 

DEMs defined above, PPI networks were constructed 

using the STRING database and Cytoscape software 

[15]. The top 10 hub genes thus identified are shown in 

Figure 3A and 3B. For the three upregulated miRNAs, 

the predicted hub genes were MYC, CCND1, 

HSP90AA1, PTEN, MAPK1, NOTCH1, CDH1, CASP3, 
HSPA4, and ACTB. For the five downregulated 

miRNAs, the predicted hub genes were AKT1, CCND1, 

CDC42, IL6, FN1, MAPK1, JUN, EGFR, ACTB, and 

HRAS. To verify potential importance in the 

development of ESCC, GO and KEGG analyses were 

also performed on these gene clusters. Results showed 

that these genes were significantly enriched in various 
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Figure 1. Identification of differently expressed miRNAs (DEMs) in esophageal squamous cell carcinoma (ESCC). (A, B) 
GSE114110 data before and after normalization. (C, D) GSE43732 data before and after normalization. (E, F) Volcano plots of DEMs in 
GSE114110 and GSE43732, respectively. Black dots represent genes equally represented between ESCC and normal samples. Red and green 
dots represent upregulated and downregulated miRNAs, respectively. Volcano plots showing all DEMs. |log2FC| ≥ 1 and P < 0.05 were set as 
cut-off criteria. (G) Venn diagram analysis showing the top 10 upregulated and downregulated miRNAs in the two GEO datasets. (H) 
Identification of three upregulated and five downregulated miRNAs overlapping between both GEO datasets. 
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Table 1. Top twenty DEMs in ESCC tumor tissues (GSE114110). 

row.names(tT) logFC AveExpr P.Value adj.P.Val 

hsa-miR-196a-5p 7.79797876 -3.387916534 7.57248E-11 1.29902E-08 

hsa-miR-196b-5p 7.575340044 -3.197327593 2.50005E-15 9.43519E-13 

hsa-miR-34c-5p 5.20100599 -4.943344858 1.06583E-05 0.000209502 

hsa-miR-431-3p 4.47689702 -5.878727839 6.31206E-06 0.000132343 

hsa-miR-4697-5p 3.885631685 -3.253089306 5.24783E-05 0.000853678 

hsa-miR-141-3p 3.657871024 3.344289289 0.00046881 0.005332609 

hsa-miR-378b 3.64168965 -4.821279397 0.000532989 0.005951188 

hsa-miR-3174 3.63373916 -6.004442677 0.001614964 0.015086324 

hsa-miR-3934 3.596816037 -4.867145834 0.001003633 0.010062287 

hsa-miR-31-5p 3.589730214 1.230595469 0.000715657 0.00776118 

hsa-miR-133a -7.835809282 -6.021408944 6.15255E-17 5.80493E-14 

hsa-miR-4328 -7.334595008 -6.621866677 2.06269E-16 9.73075E-14 

hsa-miR-4770 -7.286226861 -7.135112011 4.58049E-15 1.44056E-12 

hsa-miR-133b -6.919795614 -2.695254415 4.05741E-08 1.8674E-06 

hsa-miR-1 -6.415395245 -0.758690446 6.30884E-09 4.1051E-07 

hsa-miR-143-5p -6.035861661 -4.104229206 1.04533E-06 2.85876E-05 

hsa-miR-30a-3p -5.6534869 -4.240228256 3.81629E-07 1.16151E-05 

hsa-miR-139-5p -5.549525869 -4.783094569 1.67798E-07 5.8636E-06 

hsa-miR-136-3p -5.307706051 -7.48286509 3.56046E-14 9.59797E-12 

hsa-miR-381 -5.226057181 -5.550279909 9.24308E-07 2.56496E-05 

DEMs (Differentially expressed miRNAs). 

GO functions, such as ‘positive regulation of cellular 

process’ and ‘positive regulation of cell proliferation’ 

in the BP category (Figure 3C), ‘cytoskeleton’ and 

‘focal adhesion’ in the CC category (Figure 3D), and 

‘purine ribonucleoside triphosphate binding’ and 

‘protein kinase binding’ in the MF category (Figure 

3E). These genes were also enriched in prominent 

cancer-related signaling pathways (Figure 3F). 

Subsequently, a miRNA-hub gene network was 

constructed using Cytoscape software. Interactional 

analysis indicated that among the 10 hub genes 

targeted by the upregulated miRNAs, six (MYC, 
ATCB, CCND1, MAPK1, PTEN, and CASP3) are 

potentially regulated by miR-196a-5p (Figure 4A), 

while another six (IL6, CCND1, ATCB, CDC42, 
EGFR, and FN1) are potentially regulated by miR-1-

3p (Figure 4B). Utilizing the miRNACancerMAP 

database, we surveyed cellular signaling pathways 

involving miR-196a-5p and miR-1-3p. Results showed 

association of these miRNAs with signaling cascades 

closely related to tumor growth, including MAPK, 

adherens junction, mechanistic target of rapamycin 

(mTOR), and PI3K-AKT pathways (Figure 4C and 4D). 

Since these results overlapped with those obtained in 

our pathway analysis, we deemed that miR-196a-5p 

and miR-1-3p may be essential miRNAs in ESCC 

pathogenesis. 

 

Subsequently, we accessed the UALCAN tool to 

assess within TCGA the expression of the most 

relevant target genes of miR-196a-5p and miR-1-3p in 

esophageal carcinoma [16]. Results indicated that the 

expression of four target genes (CCND1, CASP3, 

EGFR, and CDC42) was markedly upregulated in 

esophageal carcinoma (Figure 5B, 5E, 5G, and 5H). 

Since sampling size was relatively limited, further 

verification may still reveal differential expression of 

other hub genes regulated by miR-196a-5p and miR-1-

3p in ESCC. 

 

Prognostic value of miR-196a-5p and miR-1-3p 

expression in ESCC 

 

To complement the above bioinformatics analyses, we 

verified the expression of miR-196a-5p and miR-1-3p in 

ESCC cell lines, the TCGA database, and clinical ESCC 

cases. Using qPCR, we determined that either upregulation 

or downregulation of these two hub DEMs occurred in 
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Table 2. Top twenty DEMs in ESCC tumor tissues (GSE43732). 

row.names(tT) logFC AveExpr P.Value adj.P.Val 

hsa-miR-4700-3p 4.207121008 -6.919626701 0.019593424 0.057045772 

hsa-miR-7-2-3p 3.697998047 -7.681909385 0.029038083 0.078855711 

hsa-miR-141-3p 2.592871786 -4.638740689 0.029009219 0.078855711 

hsa-miR-369-3p 2.480429667 -6.264850093 0.036991106 0.096888029 

hsa-miR-488-3p 2.268432275 -6.559615961 0.027596813 0.076105496 

hsa-miR-196a-5p 2.26773491 -6.130951651 1.22E-20 1.36E-18 

hsa-miR-450a-5p 2.050135385 -6.40331426 7.93E-22 1.41E-19 

hsa-miR-34c-5p 1.957777329 -6.66978844 3.38E-16 1.67E-14 

hsa-miR-944 1.777326902 -6.724237795 1.17E-20 1.36E-18 

hsa-miR-301b 1.747287368 -7.403315465 0.0000872 0.000560884 

hsa-miR-200b-3p -4.693526632 -4.537349541 0.0000713 0.000469247 

hsa-miR-200c-3p -4.201274199 -4.380604976 0.0000636 0.000427741 

hsa-miR-205-5p -3.087222059 -4.524338153 0.014865414 0.045518923 

hsa-miR-375 -2.562634964 -5.417712355 7.22E-20 5.35E-18 

hsa-miR-139-5p -2.424075348 -6.147630342 1.82E-49 1.62E-46 

hsa-miR-133b -2.012607522 -5.484360223 6.85E-12 1.79E-10 

hsa-miR-1 -1.889046892 -5.399187166 0.00011331 0.000689172 

hsa-miR-133a -1.43052223 -5.940470029 2.98E-15 1.2E-13 

hsa-miR-143-5p -1.305017409 -5.457683389 1.14E-15 5.33E-14 

hsa-miR-30a-3p -1.282380928 -5.746203958 1.2E-15 5.33E-14 

DEMs (Differentially expressed miRNAs). 

different ESCC cell lines (KYSE30, KYSE140, 

KYSE410, KYSE150, KYSE510, Eca109, and TE-1), 

compared to normal esophageal epithelial (Het1A) 

cells (Figure 6A and 6D). Analysis of miRNA 

expression profiles from TCGA showed that the 

expression of miR-196a-5p was significantly higher, 

whereas that of miR-1-3p was significantly lower, in 

ESCC samples compared to normal esophageal tissue 

(Figure 6B and 6E). In addition, we collected 32 ESCC 

samples from our institution and summarized their 

clinicopathological data. Results from qPCR assays 

confirmed that both miR-196a-5p and miR-1-3p were 

differentially expressed in ESCC samples (Figure 6C 

and 6F). Analysis of the relationship between miR-

196a-5p and miR-1-3p expression and clinico-

pathological features showed that the expression of 

these two miRNAs was associated with T classification 

in ESCC patients (Supplementary Tables 1–3). 

Meanwhile, survival analysis of TCGA data on the 

starBase database [17], showed that low miR-196a-5p 

expression was associated with better prognosis in 

patients with esophageal carcinoma. In contrast, no 

prognostic significance was found for miR-1-3p 

(Figure 6G and 6H). 

miR-196a-5p and miR-1-3p exert opposing roles in 

ESCC cell proliferation and migration 

 

Next, we sought to elucidate the functional effects of miR-

196a-5p and miR-1-3p dysregulation through studies on 

ESCC cells in vitro. To this end, we transfected ESCC cell 

lines with miR-196a-5p and miR-1-3p mimics or their 

negative controls (NC). Considering transfection 

efficiency and background expression of the two miRNAs, 

we upregulated miR-196a-5p in KYSE150 and KYSE410 

cells and miR-1-3p in KYSE30 and KYSE410 cells. 

Subsequently, cell proliferation was measured using Cell 

Counting Kit-8 (CCK-8) and 5-ethynyl-2-deoxyuridine 

(EdU) assays. As shown in Figure 7A–7C (CCK-8 

results), Figure 7D and 7F (EdU results), compared to the 

corresponding NCs, upregulation of miR-196a-5p 

promoted ESCC cell proliferation whereas upregulation of 

miR-1-3p showed inhibitory effects. We next assessed the 

impact of miR-196a-5p and miR-1-3p upregulation on the 

migrational potential of ESCC cells using Transwell 

migration assays. Results showed that upregulation of 

miR-196a-5p enhanced, whereas upregulation of miR-1-

3p markedly suppressed, the migrational ability of the 

ESCC cell lines tested (Figure 7E and 7G). 
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DISCUSSION 
 

ESCC is the most common form of esophageal cancer 

in developing countries, and its incidence is particularly 

high in the so-called "Asian esophageal cancer belt", an 

area traversing northern China, southern Russia, north-

eastern Iran, northern Afghanistan, and eastern Turkey 

[18, 19]. At advanced stages, ESCC forms large, life-

threatening tumors that block the esophagus and prevent 

patients from eating and drinking normally. Although 

marked advances have been achieved in treating ESCC, 

the 5-year overall survival rate of ESCC is still less than 

20%, and lower than 5% for patients with distant 

metastases [20]. Thus, identifying novel, more effective 

diagnostic and treatment targets is urgently needed. 

 

MicroRNAs are small ncRNA molecules that regulate 

target genes and downstream signaling pathways by 

post-transcriptional mechanisms. MiRNAs are critical 

functional molecules in tumor progression [3, 21, 22] 

and have in consequence attracted great interest as 

potential therapeutic targets [23–25]. However, because 

there are typically numerous miRNAs influencing 

cancer cells’ activities, choosing the most suitable 

target(s) for tumor diagnosis and treatment remains a 

significant challenge. 

 

 
 

Figure 2. GO and KEGG analysis of genes targeted by DEMs commonly shared between the two GEO datasets. (A–C) Top 10 GO 
biological process (BP), cellular component (CC), and molecular function (MF) terms enriched in target genes of the three upregulated 
miRNAs. (D) Top 10 KEGG pathways enriched in target genes of the three upregulated miRNAs. (E–G) Top 10 GO BP, CC, and MF terms 
enriched in target genes of the five downregulated miRNAs. (H) Top 10 KEGG pathways enriched in target genes of the five downregulated 
miRNAs. 
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The role of bioinformatics in the exploration of disease 

mechanisms has become essential given the multi-

factorial nature of many common health conditions. 

Examples include the identification of miRNAs 

associated with breast cancer recurrence and hub genes 

involved in plaque deterioration in atherosclerosis [26, 

27]. In the present study, we analyzed miRNA 

expression profiles from two GEO microarray datasets 

containing ESCC and normal esophageal tissue 

samples, and obtained eight miRNAs (three up-

regulated and five down-regulated), shared by both 

miRNA datasets, with differential expression in ESCC. 

Following detection of potential target mRNAs for 

these DEMs in the miRTarBase database, GO 

annotation and KEGG pathway enrichment analyses of 

the target gene lists revealed their participation in 

several cellular processes (e.g. RNA and DNA binding, 

focal adhesion, and regulation of apoptosis) and 

signaling cascades related to tumor development (e.g. 

cell cycle, MAPK, and PI3K-AKT pathways). A PPI 

network based on these genes was next constructed to 

obtain the top 10 hub genes, and subsequent analysis 

confirmed their involvement in important tumor-related 

pathways. Examples included CCND1 and EGFR, i.e. 

key regulators of cell cycle progression and PI3K-AKT 

signaling in a variety of normal and cancer tissues [28, 

29]. Subsequently, a miRNA-target gene interaction 

network revealed an extensive regulatory role for miR-

196a-5p and miR-1-3p, which are respectively 

upregulated and downregulated in ESCC, as each of 

these miRNAs was predicted to control the activity of 6 

of the top 10 hub genes in the DEM-gene network. 

Expression analysis of miR-196a-5p and miR-1-3p 

targets in TCGA using the UALCAN tool showed that 

CCND1, CASP3, EGFR, and CDC42 were over-

expressed in esophageal carcinoma, compared to 

normal esophagus samples. CCND1 has been revealed 

as a miR-1 target in neonatal cardiomyocytes [30] while 

we speculate that CASP3 expression might be regulated 

by other RNA species such as lncRNAs or circRNAs. 

 

 
 

Figure 3. GO and KEGG analysis of hub-gene targets. (A) Top 10 hub-gene targets for the three upregulated miRNAs. (B) Top 10 hub-
gene targets for the five downregulated miRNAs. (C–E) Top 10 GO BP, CC, and MF terms enriched in the top 20 hub-gene targets. (F) Top 10 
KEGG pathways enriched in the 20 hub-gene targets. 
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Figure 4. Regulatory networks of miRNAs-hub-gene targets. (A) Interaction network of the three upregulated miRNAs and their hub-
gene targets. (B) Regulatory network of the five downregulated miRNAs and their hub-gene targets. (C–D) Regulatory networks of miR-196a-
5p and miR-1-3p and associated signaling pathways. 

 

 
 

Figure 5. Relative expression of hub-gene targets of miR-196a-5p and miR-1-3p. (A–E) Relative expression of MYC, CCND1, PTEN, 
MAPK1, and CASP3 mRNAs in esophageal carcinoma, compared to normal esophageal tissue samples. (F–J) Relative expression of ACTB, 
EGFR, CDC42, IL6, and FN1 mRNAs in esophageal carcinoma, compared to normal esophageal tissue samples. Analysis of esophageal 
carcinoma RNA-seq datasets in TCGA was performed on the UALCAN database. 
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The results of these bioinformatics analysis were 

contrasted with qPCR data and correlation analyses in 

32 ESCC cases from our institution. In line with in 

silico data mining results, we found that miR-196a-5p 

was overexpressed and miR-1-3p was underexpressed 

in tumor samples, compared with matched control 

specimens. Although these differences were significant, 

actual expression changes were not too large, thus 

verification in a larger sample is needed in the future. 

Analysis of the association between miR-196a-5p and 

miR-1-3p expression and clinicopathologic features 

showed a correlation between these miRNAs and ESCC 

T classification, which suggests that changes in miR-

196a-5p and miR-1-3p expression may impact tumor 

progression. Data mining of TCGA database also 

confirmed expression differences for both miRNAs in 

ESCC, and showed that high miR-196a-5p expression 

correlated with poorer prognosis. Although TCGA 

analysis results did not show an association between 

miR-1-3p expression and prognosis in patients with 

ESCC, several studies indicated that high miR-1-3p 

expression is associated with better prognosis in ESCC 

[31–33]. Indeed, previous studies have highlighted a 

number of biological actions and clinicopathological 

associations of miR-196a-5p and miR-1-3p in patients 

with ESCC [34–36]. Recent work also showed that 

several miRNAs, including miR-200b-3p, miR-31-5p, 

miR-15b-5p, miR-141-3p, miR-135b-5p, and miR-195-

5p, were correlated with overall survival of ESCC 

patients. 

 

 
 

Figure 6. Expression analysis and prognostic value of miR-196-5p and miR-1-3p in ESCC. (A) Analysis of miR-196a-5p expression by 
qPCR in ESCC and normal esophageal epithelial (Het1A) cells. (B) Expression of miR-196a-5p in ESCC and normal esophagus samples from 
TCGA. (C) Expression of miR-196a-5p in ESCC and paired normal tissue samples (n = 32) collected at our institution. (D) Expression of miR-1-
3p in ESCC and Het1A cells. (E) Expression of miR-1-3p in ESCC and normal esophagus samples from TCGA. (F) Expression of miR-1-3p in ESCC 
samples and paired normal tissue samples (n = 32) collected at our institution. (G and H) Kaplan-Meier survival analysis based on miR-196a-
5p and miR-1-3p expression in esophageal carcinoma samples from TCGA. *P < 0.05, **P < 0.01. ***P < 0.001, and ****P < 0.0001. 
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Although similar (i.e. opposing) expression trends for 

miR-196a-5p and miR-1-3p were found in most 

ESCC cell lines tested by us, miR-1-3p showed 

instead a relatively high expression in KYSE30 cells. 

The reason for this exception is unclear but may 

reflect a distinct genetic background in this cell line. 

We tested the effects of overexpressing miR-196a-5p 

and miR-1-3p on cell proliferation and migration and 

found that miR-196a-5p enhances, while miR-1-3p 

reduces, proliferative and migration potential in ESCC 

cell lines. To our surprise, these effects were also 

observed in KYSE30 cells, which showed as 

mentioned relatively high baseline miR-1-3p 

expression. 
 

 
 

Figure 7. Opposing effects of miR-196a-5p and miR-1-3p on proliferation and migration in cultured ESCC cells. (A–C) CCK-8 cell 
proliferation assay results from KYSE150, KYSE30, and KYSE410 cells transfected with mimics of miR-196a-5p, miR-1-3p, or negative control 
(NC). (D, F) EdU cell proliferation assay results from KYSE150, KYSE30, and KYSE410 cells transfected with mimics of miR-196a-5p, miR-1-3p, 
or NC. (E, G) Transwell migration assay results from KYSE150, KYSE30, and KYSE410 cells transfected with miRNA mimics. *P < 0.05, **P < 
0.01, and ***P < 0.001. 
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There are some limitations in our study. We did not 

assess proliferation and migration after knocking 

down miR-196a-5p and miR-1-3p, and insufficient 

clinical sampling size precluded more accurate 

assessment of the effects of these miRNAs on 

clinicopathological variables and outcomes of our 

ESCC cohort. We did not prove that miR-196a-5p 

and miR-1-3p are more important than other miRNAs 

through further experiments. In addition, the 

influence of other non-coding RNAs, mainly 

lncRNAs and circRNAs, on ESCC pathogenesis were 

not addressed and deserve further scrutiny. Although 

the novelty of our findings is somewhat reduced in 

light of several publications demonstrating a pro-

oncogenic role for miR-196a-5p and a tumor-

suppressor role for miR-1-3p in various cancer types, 

our data shed light on the complex landscape of 

ESCC regulation by ncRNAs by highlighting through 

miRNA-hub gene network analysis previously 

undefined interactions that potentially affect ESCC 

development and metastasis. 

 

In conclusion, our findings strongly suggest that miR-

196a-5p upregulation and miR-1-3p downregulation 

impact tumor stage and patient survival by concurrently 

promoting proliferation and migration in ESCC cells. 

Although further research is warranted, the evidence 

gathered so far suggests that these miRNAs might be 

novel co-therapeutic targets for the diagnosis and 

treatment of ESCC. 

 

MATERIALS AND METHODS 
 

Data collection and study design 
 

Two ESCC miRNA expression microarray datasets 

(GSE114110 and GSE43732) were retrieved from the 

GEO repository (https://www.ncbi.nlm.nih.gov/geo). 

GSE114110 included 30 ESCC and 10 normal 

esophageal epithelial samples [12], while GSE43732 

included 119 ESCC samples and paired adjacent normal 

tissues [13]. All samples were collected in China and 

originated from patients who had not received 

anticancer treatment. The above datasets were produced 

independently using the GPL24967 and GPL16543 

platforms, respectively. Therefore, we normalized these 

data using R’s limma package. 

 

DEM screening and Venn diagram analysis 
 

After obtaining standardized chip data from the 

GSE114110 and GSE43732 datasets, differential 

miRNA expression in ESCC was investigated in 

relation to normal esophageal tissue (control) using the 

limma software package in R. We set P < 0.05 and |log2 

fold change (FC)| ≥ 1 as the thresholds to identify 

DEMs. Overlapping miRNAs in the two datasets were 

screened using Venn diagram analysis with the 

VennDiagram R package [37]. 

 

Prediction of target genes and miRNA pathway 

analysis 

 

MiRTarBase, an experimentally validated database of 

miRNA-target interactions, was used to predict 

potential target genes for the eight overlapping DEMs. 

MiRNACancerMAP database was used to perform 

miRNA pathway analysis. 

 

GO and KEGG pathway analyses 
 

Functional and pathway analyses of the predicted target 

genes of the eight overlapping DEMs were conducted 

using the GO and KEGG databases, respectively, by 

processing data with the DAVID online tool 

(https://david.ncifcrf.gov/) [38]. P < 0.05 was consider-

ed significant. 

 

Construction of target gene-PPI and miRNA-gene 

networks 
 

To assess the functional associations among the target 

genes of upregulated and downregulated DEMs, we 

uploaded target gene data to the STRING database. 

Interactions with a combined score > 0.4 were 

considered significant. Highly interconnected (hub) 

genes in the PPI network were analyzed using 

Cytoscape software (version 3.6.0). After hub DEMs 

and hub target genes were identified, Cytoscape was 

used to visualize the resulting miRNA-gene network. 

 

Differential gene expression and survival analyses 
 

After extracting expression data for miR-196a-5p and 

miR-1-3p from ESCC and normal esophageal epithelial 

tissues from the TCGA database, analysis of differential 

expression of target genes was performed on the 

University of Alabama Cancer Database (UALCAN; 

http://ualcan.path.uab.edu/) resource. The StarBase 

database was used to evaluate the prognostic values of 

hub miRNAs in esophageal carcinoma through Kaplan-

Meier plots. 

 

Cell lines and clinical samples 

 

Human ESCC KYSE30, KYSE140, KYSE410, 

KYSE150, KYSE510, Eca109, and TE-1 and normal 

esophageal epithelial (Het1A) cell lines were cultured in 

RPMI-1640 medium supplemented with 10% fetal 

bovine serum (FBS; BI, Israel), 100 U/mL penicillin, 

and 100 μg/mL streptomycin at 37°C in an incubator 

with a humidified atmosphere containing 5% CO2. 

file:///C:/Users/Olga/Desktop/IMPACT%20AGING/2020/Advanced/103245/www.ncbi.nlm.nih.gov/geo
https://david.ncifcrf.gov/
http://ualcan.path.uab.edu/
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Thirty-two ESCC and paired normal adjacent tissue 

samples were acquired from patients undergoing 

surgical procedures at the Third Affiliated Hospital of 

Soochow University. Patient baseline characteristics 

were collected from medical records. All samples 

were obtained after written informed consent was 

provided, in accordance with the Code of Ethics of 

the World Medical Association (Declaration of 

Helsinki). All protocols for the use of patient samples 

in this study were approved by the Ethics Committee 

of the Third Affiliated Hospital of Soochow 

University. 

 

Cell transfection 
 

Negative control (NC), miR-196a-5p, and miR-1-3p 

mimics were purchased from GenePharma (Suzhou, 

China), and transfected into ESCC cell lines using 

siRNA-Mate (GenePharma) according to the 

manufacturer’s instructions. 

 

RNA extraction and quantitative PCR 

 

TRIzol reagent was used to extract RNA from  

clinical samples and ESCC cell lines. The miRNAs 

first-strand cDNA and q-PCR kits were  

purchased from TIANGEN (Beijing, China) and U6 

snRNA was used as the internal reference. The  

forward primers used were: miR-196a-5p: 5'-

CGCGTAGGTAGTTTCATGTTGTTGGG-3, miR-1-

3p: 5'-GCGCGCTGGAATGTAAAGAAGTATGTAT-

3', and U6 snRNA: 5'-CTCGCTTCGGCAGCACA-3'. 

The reverse primers were provided in the qPCR 

detection kit. Relative miRNA expression levels were 

calculated using the 2-ΔΔCt method. 

 

Cell proliferation assay 
 

The CCK-8 assay (Dojindo, Kumamoto, Japan) was 

used to quantify cell proliferation. Twenty-four h after 

miRNA mimic transfection, cells were seeded into 96-

well culture plates (1.5 × 103 cells/well). At different 

time points, 10 μL CCK-8 solution was added to each 

well, incubated for 2 h, and samples’ optical density 

(OD) was measured immediately at 450 nm. The Cell-

Light EdU Apollo567 In Vitro Kit (Cat.C10310-1, 

Ruibo Biotech., Guangzhou, China) was also used to 

assess cell proliferation. To this end, cells transfected 

with miRNA mimics for 24 h were seeded into 96-well 

plates (1.5 × 104 cells/well). After 24 h, the cells were 

incubated in EdU working solution for 2 h, fixed with 

4% paraformaldehyde, permeabilized, washed, and 

stained with 1x Apollo solution according to the 

manufacturer’s instructions. Results were analyzed  

from microphotographs taken using a fluorescence 

microscope. 

Transwell migration assay 
 

Transwell inserts were used to conduct migration 

assays. After transfection, cells were resuspended in 

serum-free culture solution and approximately 3 × 104 

cells were loaded into the upper Transwell chamber. 

The lower chamber was filled with 600 μL of culture 

medium containing 20% FBS. After 24 h, the cells that 

remained on the upper chamber were removed and 

those that migrated through the membrane were fixed in 

4% paraformaldehyde for 30 min, stained with 0.1% 

crystal violet, and counted in five randomly selected 

fields under an inverted microscope. 

 

Statistical analysis 

 

GraphPad Prism 7 software was used to perform 

unpaired Student’s t-tests to analyze differences 

between two groups. P < 0.05 was regarded as 

significant. 

 

AUTHOR CONTRIBUTIONS 
 

XYZ, GHL and CS made substantial contribution to the 

conceptual design, data analysis and manuscript writing. 

CC, MW and YPZ collected clinical samples and 

information. CS, CC and MW carried on molecular 

biology experiments and cell experiments. All authors 

have read and approved the final version of the 

manuscript. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no competing 

interests. 

 

FUNDING 
 

This work was supported by Grants from the National 

Natural Science Foundation of Jiangsu Province 

(Nos.BK20191158), Program of Bureau of Science and 

Technology Foundation of Changzhou (Nos. 

CZ20190022) and Projects from Changzhou 

Commission of Health (Nos. ZD201804). 

 

REFERENCES 
 

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2018; 
68:394–424. 

 https://doi.org/10.3322/caac.21492 PMID:30207593 

2. Lin Y, Totsuka Y, Shan B, Wang C, Wei W, Qiao Y, 
Kikuchi S, Inoue M, Tanaka H, He Y. Esophageal cancer 

https://doi.org/10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pubmed/30207593


 

www.aging-us.com 9819 AGING 

in high-risk areas of China: research progress and 
challenges. Ann Epidemiol. 2017; 27:215–21. 

 https://doi.org/10.1016/j.annepidem.2016.11.004 
 PMID:28007352 

3. Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell. 2004; 116:281–97. 

 https://doi.org/10.1016/S0092-8674(04)00045-5 
 PMID:14744438 

4. Rupaimoole R, Slack FJ. MicroRNA therapeutics: 
towards a new era for the management of cancer and 
other diseases. Nat Rev Drug Discov. 2017; 16:203–22. 

 https://doi.org/10.1038/nrd.2016.246 
 PMID:28209991 

5. Xu J, Pan X, Hu Z. MiR-502 mediates esophageal cancer 
cell TE1 proliferation by promoting AKT 
phosphorylation. Biochem Biophys Res Commun. 
2018; 501:119–23. 

 https://doi.org/10.1016/j.bbrc.2018.04.188 
 PMID:29709473 

6. Chen Z, Zhao L, Zhao F, Yang G, Wang J. MicroRNA-26b 
regulates cancer proliferation migration and cell cycle 
transition by suppressing TRAF5 in esophageal 
squamous cell carcinoma. Am J Transl Res. 2016; 
8:1957–70. PMID:27347306 

7. Zhang M, Yang Q, Zhang L, Zhou S, Ye W, Yao Q, Li Z, 
Huang C, Wen Q, Wang J. miR-302b is a potential 
molecular marker of esophageal squamous cell 
carcinoma and functions as a tumor suppressor by 
targeting ErbB4. J Exp Clin Cancer Res. 2014; 33:10. 

 https://doi.org/10.1186/1756-9966-33-10 
 PMID:24438167 

8. Wang WW, Zhao ZH, Wang L, Li P, Chen KS, Zhang JY, Li 
WC, Jiang GZ, Li XN. MicroRNA-134 prevents the 
progression of esophageal squamous cell carcinoma 
via the PLXNA1-mediated MAPK signalling pathway. 
EBioMedicine. 2019; 46:66–78. 

 https://doi.org/10.1016/j.ebiom.2019.07.050 
 PMID:31383552 

9. Peng L, Cheng S, Lin Y, Cui Q, Luo Y, Chu J, Shao M, 
Fan W, Chen Y, Lin A, Xi Y, Sun Y, Zhang L, et al. 
CCGD-ESCC: A Comprehensive Database for 
Genetic Variants Associated with Esophageal 
Squamous Cell Carcinoma in Chinese Population. 
Genomics Proteomics Bioinformatics. 2018; 
16:262–68. 

 https://doi.org/10.1016/j.gpb.2018.03.005 
 PMID:30208340 

10. Li CY, Zhang WW, Xiang JL, Wang XH, Li J, Wang JL. 
Identification of microRNAs as novel biomarkers for 
esophageal squamous cell carcinoma: a study based on 
The Cancer Genome Atlas (TCGA) and bioinformatics. 
Chin Med J (Engl). 2019; 132:2213–22. 

 https://doi.org/10.1097/CM9.0000000000000427 
 PMID:31490264 

11. Xue L, Nan J, Dong L, Zhang C, Li H, Na R, He H, Wang Y. 
Upregulated miR-483-5p expression as a prognostic 
biomarker for esophageal squamous cell carcinoma. 
Cancer Biomark. 2017; 19:193–97. 

 https://doi.org/10.3233/CBM-160506 
 PMID:28211800 

12. Wen J, Hu Y, Liu Q, Ling Y, Zhang S, Luo K, Xie X, Fu J, 
Yang H. miR-424 coordinates multilayered regulation 
of cell cycle progression to promote esophageal 
squamous cell carcinoma cell proliferation. 
EBioMedicine. 2018; 37:110–24. 

 https://doi.org/10.1016/j.ebiom.2018.10.043 
 PMID:30361064 

13. Chen Z, Li J, Tian L, Zhou C, Gao Y, Zhou F, Shi S, Feng X, 
Sun N, Yao R, Shao K, Li N, Qiu B, et al. MiRNA 
expression profile reveals a prognostic signature for 
esophageal squamous cell carcinoma. Cancer Lett. 
2014; 350:34–42. 

 https://doi.org/10.1016/j.canlet.2014.04.013 
 PMID:24769072 

14. Chou CH, Shrestha S, Yang CD, Chang NW, Lin YL, 
Liao KW, Huang WC, Sun TH, Tu SJ, Lee WH, Chiew 
MY, Tai CS, Wei TY, et al. miRTarBase update 2018: 
a resource for experimentally validated microRNA-
target interactions. Nucleic Acids Res. 2018; 
46:D296–302. 

 https://doi.org/10.1093/nar/gkx1067 
 PMID:29126174 

15. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, 
Huerta-Cepas J, Simonovic M, Doncheva NT, Morris JH, 
Bork P, Jensen LJ, Mering CV. STRING v11: protein-
protein association networks with increased coverage, 
supporting functional discovery in genome-wide 
experimental datasets. Nucleic Acids Res. 2019; 
47:D607–13. 

 https://doi.org/10.1093/nar/gky1131 
 PMID:30476243 

16. Chandrashekar DS, Bashel B, Balasubramanya SA, 
Creighton CJ, Ponce-Rodriguez I, Chakravarthi BV, 
Varambally S. UALCAN: A portal for facilitating tumor 
subgroup gene expression and survival analyses. 
Neoplasia. 2017; 19:649–58. 

 https://doi.org/10.1016/j.neo.2017.05.002 
 PMID:28732212 

17. Li JH, Liu S, Zhou H, Qu LH, Yang JH. starBase v2.0: 
decoding miRNA-ceRNA, miRNA-ncRNA and protein-
RNA interaction networks from large-scale CLIP-Seq 
data. Nucleic Acids Res. 2014; 42:D92–97. 

 https://doi.org/10.1093/nar/gkt1248 
 PMID:24297251 

https://doi.org/10.1016/j.annepidem.2016.11.004
https://www.ncbi.nlm.nih.gov/pubmed/28007352
https://doi.org/10.1016/S0092-8674%2804%2900045-5
https://www.ncbi.nlm.nih.gov/pubmed/14744438
https://doi.org/10.1038/nrd.2016.246
https://www.ncbi.nlm.nih.gov/pubmed/28209991
https://doi.org/10.1016/j.bbrc.2018.04.188
https://www.ncbi.nlm.nih.gov/pubmed/29709473
https://www.ncbi.nlm.nih.gov/pubmed/27347306
https://doi.org/10.1186/1756-9966-33-10
https://www.ncbi.nlm.nih.gov/pubmed/24438167
https://doi.org/10.1016/j.ebiom.2019.07.050
https://www.ncbi.nlm.nih.gov/pubmed/31383552
https://doi.org/10.1016/j.gpb.2018.03.005
https://www.ncbi.nlm.nih.gov/pubmed/30208340
https://doi.org/10.1097/CM9.0000000000000427
https://www.ncbi.nlm.nih.gov/pubmed/31490264
https://doi.org/10.3233/CBM-160506
https://www.ncbi.nlm.nih.gov/pubmed/28211800
https://doi.org/10.1016/j.ebiom.2018.10.043
https://www.ncbi.nlm.nih.gov/pubmed/30361064
https://doi.org/10.1016/j.canlet.2014.04.013
https://www.ncbi.nlm.nih.gov/pubmed/24769072
https://doi.org/10.1093/nar/gkx1067
https://www.ncbi.nlm.nih.gov/pubmed/29126174
https://doi.org/10.1093/nar/gky1131
https://www.ncbi.nlm.nih.gov/pubmed/30476243
https://doi.org/10.1016/j.neo.2017.05.002
https://www.ncbi.nlm.nih.gov/pubmed/28732212
https://doi.org/10.1093/nar/gkt1248
https://www.ncbi.nlm.nih.gov/pubmed/24297251


 

www.aging-us.com 9820 AGING 

18. Pennathur A, Gibson MK, Jobe BA, Luketich JD. 
Oesophageal carcinoma. Lancet. 2013; 381:400–12. 

 https://doi.org/10.1016/S0140-6736(12)60643-6 
 PMID:23374478 

19. Conteduca V, Sansonno D, Ingravallo G, Marangi S, 
Russi S, Lauletta G, Dammacco F. Barrett’s esophagus 
and esophageal cancer: an overview. Int J Oncol. 2012; 
41:414–24. 

 https://doi.org/10.3892/ijo.2012.1481 
 PMID:22615011 

20. Chen JW, Xie JD, Ling YH, Li P, Yan SM, Xi SY, Luo RZ, 
Yun JP, Xie D, Cai MY. The prognostic effect of 
perineural invasion in esophageal squamous cell 
carcinoma. BMC Cancer. 2014; 14:313. 

 https://doi.org/10.1186/1471-2407-14-313 
 PMID:24886020 

21. Tie J, Fan D. Big roles of microRNAs in tumorigenesis 
and tumor development. Histol Histopathol. 2011; 
26:1353–61. 

 https://doi.org/10.14670/HH-26.1353 
 PMID:21870338 

22. Bartel DP. MicroRNAs: target recognition and 
regulatory functions. Cell. 2009; 136:215–33. 

 https://doi.org/10.1016/j.cell.2009.01.002 
 PMID:19167326 

23. Wu J, Huang WJ, Xi HL, Liu LY, Wang ST, Fan WZ, Peng 
BG. Tumor-suppressive miR-3650 inhibits tumor 
metastasis by directly targeting NFASC in 
hepatocellular carcinoma. Aging (Albany NY). 2019; 
11:3432–44. 

 https://doi.org/10.18632/aging.101981 
 PMID:31163018 

24. He M, Shen P, Qiu C, Wang J. miR-627-3p inhibits 
osteosarcoma cell proliferation and metastasis by 
targeting PTN. Aging (Albany NY). 2019; 11:5744–56. 

 https://doi.org/10.18632/aging.102157 
 PMID:31413208 

25. Xiao W, Wang X, Wang T, Xing J. MiR-223-3p promotes 
cell proliferation and metastasis by downregulating 
SLC4A4 in clear cell renal cell carcinoma. Aging (Albany 
NY). 2019; 11:615–33. 

 https://doi.org/10.18632/aging.101763 
 PMID:30668544 

26. Lai J, Chen B, Zhang G, Wang Y, Mok H, Wen L, Pan Z, 
Su F, Liao N. Identification of a novel microRNA 
recurrence-related signature and risk stratification 
system in breast cancer. Aging (Albany NY). 2019; 
11:7525–36. 

 https://doi.org/10.18632/aging.102268 
 PMID:31548433 

27. Chen P, Chen Y, Wu W, Chen L, Yang X, Zhang S. 
Identification and validation of four hub genes involved 

in the plaque deterioration of atherosclerosis. Aging 
(Albany NY). 2019; 11:6469–89. 

 https://doi.org/10.18632/aging.102200 
 PMID:31449494 

28. Zhao M, Xu P, Liu Z, Zhen Y, Chen Y, Liu Y, Fu Q, Deng X, 
Liang Z, Li Y, Lin X, Fang W. Dual roles of miR-374a by 
modulated c-Jun respectively targets CCND1-inducing 
PI3K/AKT signal and PTEN-suppressing Wnt/β-catenin 
signaling in non-small-cell lung cancer. Cell Death Dis. 
2018; 9:78. 

 https://doi.org/10.1038/s41419-017-0103-7 
 PMID:29362431 

29. Hu DD, Chen HL, Lou LM, Zhang H, Yang GL. SKA3 
promotes lung adenocarcinoma metastasis through 
the EGFR-PI3K-Akt axis. Biosci Rep. 2020; 
40:BSR20194335. 

 https://doi.org/10.1042/BSR20194335 
 PMID:32068236 

30. Gan J, Tang FM, Su X, Lu G, Xu J, Lee HS, Lee KK. 
microRNA-1 inhibits cardiomyocyte proliferation in 
mouse neonatal hearts by repressing CCND1 
expression. Ann Transl Med. 2019; 7:455. 

 https://doi.org/10.21037/atm.2019.08.68 
 PMID:31700891 

31. Wei Q, Li X, Yu W, Zhao K, Qin G, Chen H, Gu Y, Ding F, 
Zhu Z, Fu X, Sun M. microRNA-messenger RNA 
regulatory network of esophageal squamous cell 
carcinoma and the identification of miR-1 as a 
biomarker of patient survival. J Cell Biochem. 2019; 
120:12259–72. 

 https://doi.org/10.1002/jcb.28166 
 PMID:31017699 

32. Du YY, Zhao LM, Chen L, Sang MX, Li J, Ma M, Liu JF. 
The tumor-suppressive function of miR-1 by targeting 
LASP1 and TAGLN2 in esophageal squamous cell 
carcinoma. J Gastroenterol Hepatol. 2016; 31:384–93. 

 https://doi.org/10.1111/jgh.13180 
 PMID:26414725 

33. Liao Z, Wang X, Liang H, Yu A, Ur Rehman U, Fan Q, Hu 
Y, Wang C, Zhou Z, Wang T. miR-1 suppresses the 
proliferation and promotes the apoptosis of 
esophageal carcinoma cells by targeting Src. Cancer 
Med. 2017; 6:2957–65. 

 https://doi.org/10.1002/cam4.1214 
 PMID:29034995 

34. Yao L, Zhang Y, Zhu Q, Li X, Zhu S, Gong L, Han X, Lan 
M, Li S, Zhang W, Li Y. Downregulation of microRNA-1 
in esophageal squamous cell carcinoma correlates with 
an advanced clinical stage and its overexpression 
inhibits cell migration and invasion. Int J Mol Med. 
2015; 35:1033–41. 

 https://doi.org/10.3892/ijmm.2015.2094 
 PMID:25672418 

https://doi.org/10.1016/S0140-6736%2812%2960643-6
https://www.ncbi.nlm.nih.gov/pubmed/23374478
https://doi.org/10.3892/ijo.2012.1481
https://www.ncbi.nlm.nih.gov/pubmed/22615011
https://doi.org/10.1186/1471-2407-14-313
https://www.ncbi.nlm.nih.gov/pubmed/24886020
https://doi.org/10.14670/HH-26.1353
https://www.ncbi.nlm.nih.gov/pubmed/21870338
https://doi.org/10.1016/j.cell.2009.01.002
https://www.ncbi.nlm.nih.gov/pubmed/19167326
https://doi.org/10.18632/aging.101981
https://www.ncbi.nlm.nih.gov/pubmed/31163018
https://doi.org/10.18632/aging.102157
https://www.ncbi.nlm.nih.gov/pubmed/31413208
https://doi.org/10.18632/aging.101763
https://www.ncbi.nlm.nih.gov/pubmed/30668544
https://doi.org/10.18632/aging.102268
https://www.ncbi.nlm.nih.gov/pubmed/31548433
https://doi.org/10.18632/aging.102200
https://www.ncbi.nlm.nih.gov/pubmed/31449494
https://doi.org/10.1038/s41419-017-0103-7
https://www.ncbi.nlm.nih.gov/pubmed/29362431
https://doi.org/10.1042/BSR20194335
https://www.ncbi.nlm.nih.gov/pubmed/32068236
https://doi.org/10.21037/atm.2019.08.68
https://www.ncbi.nlm.nih.gov/pubmed/31700891
https://doi.org/10.1002/jcb.28166
https://www.ncbi.nlm.nih.gov/pubmed/31017699
https://doi.org/10.1111/jgh.13180
https://www.ncbi.nlm.nih.gov/pubmed/26414725
https://doi.org/10.1002/cam4.1214
https://www.ncbi.nlm.nih.gov/pubmed/29034995
https://doi.org/10.3892/ijmm.2015.2094
https://www.ncbi.nlm.nih.gov/pubmed/25672418


 

www.aging-us.com 9821 AGING 

35. Wang K, Li J, Guo H, Xu X, Xiong G, Guan X, Liu B, Li J, 
Chen X, Yang K, Bai Y. MiR-196a binding-site SNP 
regulates RAP1A expression contributing to esophageal 
squamous cell carcinoma risk and metastasis. 
Carcinogenesis. 2012; 33:2147–54. 

 https://doi.org/10.1093/carcin/bgs259 
 PMID:22859270 

36. Ma Y, Wang B, Guo Y, Zhang Y, Huang S, Bao X, Bai M. 
Inhibition of miR-196a affects esophageal cancer cell 
growth in vitro. Biomed Pharmacother. 2016; 84:22–27. 

 https://doi.org/10.1016/j.biopha.2016.09.013 
 PMID:27621035 

37. Chen H, Boutros PC. VennDiagram: a package for the 
generation of highly-customizable Venn and Euler 
diagrams in R. BMC Bioinformatics. 2011; 12:35. 

 https://doi.org/10.1186/1471-2105-12-35 
 PMID:21269502 

38. Huang DW, Sherman BT, Tan Q, Kir J, Liu D, Bryant D, 
Guo Y, Stephens R, Baseler MW, Lane HC, Lempicki RA. 
DAVID Bioinformatics Resources: expanded annotation 
database and novel algorithms to better extract 
biology from large gene lists. Nucleic Acids Res. 2007; 
35:W169–75. 

 https://doi.org/10.1093/nar/gkm415 
 PMID:17576678 

 

https://doi.org/10.1093/carcin/bgs259
https://www.ncbi.nlm.nih.gov/pubmed/22859270
https://doi.org/10.1016/j.biopha.2016.09.013
https://www.ncbi.nlm.nih.gov/pubmed/27621035
https://doi.org/10.1186/1471-2105-12-35
https://www.ncbi.nlm.nih.gov/pubmed/21269502
https://doi.org/10.1093/nar/gkm415
https://www.ncbi.nlm.nih.gov/pubmed/17576678


 

www.aging-us.com 9822 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Tables 

 

 

 

Supplementary Table 1. Clinicopathological characteristics of ESCC patient samples (n=32). 

Characteritiscs No. of cases (%) 

Age (y)  

<65 15 (46.9) 

≥65 17 (53.1) 

Gender  

Male 28 (87.5) 

Female 4 (12.5) 

TNM stage  

I 6 (18.8) 

II 13 (40.6) 

III 13 (40.6) 

T classification  

T1 5 (15.6) 

T2 9 (28.1) 

T3 18 (56.3) 

T4 0 (0) 

N classification  

N0 12 (37.5) 

N1 17 (53.1) 

N2-NX 3 (9.4) 

Metastasis  

No 32 (100) 

Yes 0 (0) 

Vascular invasion   

No 25 (78.1) 

Yes 7 (21.9) 

Lymphatic invasion  

No 13 (40.6) 

Yes 19 (59.4) 

Expression of miR-221  

Low expression 16 (50) 

High expression 16 (50) 
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Supplementary Table 2. Correlation between miR-196a-5p expression and clinicopathologic characteristics of 
ESCC patients (n=32). 

Characteritiscs 

miR-196a-5p 

p value 
Low expression, no. cases High expression, no. cases 

Age(y)    

<65 7 8 

≥65 9 8 

Gender    

Male 15 13 

Female 1 3 

TNM stage    

I 2 4 

II 8 5 

III 6 7 

T classification    

T1 5 0 

T2 2 7 

T3 9 9 

T4 0 0 

N classification    

N0 7 5 

N1 8 9 

N2-NX 1 2 

Metastasis    

No 20 12 

Yes 0 0 

Vascular invasion     

No 14 11 

Yes 2 5 

Lymphatic invasion    

No 7 6 

Yes 9 10 
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Supplementary Table 3. Correlation between miR-1-3p expression and clinicopathologic characteristics of ESCC 
patients (n=32). 

Characteritiscs 

miR-1-3p 

p value 
Low expression, no. cases High expression, no. cases 

Age(y)    

<65 9 6 

≥65 7 10 

Gender    

Male 15 13 

Female 1 3 

TNM stage    

I 2 4 

II 7 6 

III 7 6 

T classification    

T1 9 9 

T2 2 7 

T3 5 0 

T4 0 0 

N classification    

N0 6 6 

N1 8 9 

N2-NX 2 1 

Metastasis    

No 16 16 

Yes 0 0 

Vascular invasion     

No 14 11 

Yes 2 5 

Lymphatic invasion    

No 6 7 

Yes 10 9 

 

 


