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Abstract
Background: Oesophageal carcinoma is one of the most frequently seen malignancies, and its incidence
ranks third among men and �fth among women in China. Among all the histological categories,
oesophageal squamous cell carcinoma (ESCC) accounted for the most of the cases. At present, there are
few therapeutic methods applied in clinical practice for ESCC due to the limited evidence with respect to
the underlying signaling pathways and the miRNAs related to the ESCC.

Methods: To identify the differentially-expressed miRNAs (DE-miRNAs) in different stages of ESCC, we
performed a microarray on 92 ESCC and 3 normal tissues. At the mean time, the potentially targeted
genes as well as the highly-enriched signaling pathways and the relevant protein–protein interaction
(PPI) network were analyzed and constructed by using a series of bioinformatic methods. Moreover, the
identi�ed DE-miRNAs in different stages of the ESCC were veri�ed by using the TCGA dataset.

Results: According to our analysis, overall 37 DE-miRNAs were identi�ed, including 6 up-regulated
miRNAs and 31 down-regulated miRNAs. 1884 genes were selected as the potentially targeted genes for
the above miRNAs, most of which were found to be enriched in the PI3K-Akt signaling pathway and the
Hippo signaling pathway. Based on the PPI network we constructed, PIK3R1 and NOTCH1 were
considered as the potential hub genes.

Conclusion: Our study provided additional explanations regarding the molecular mechanisms and
prognosis of ESCC through the identi�cation of a number of potential targeted genes of the DE-miRNAs
in different stages of ESCC as well as the mostly enriched signaling pathways of the above genes, which
could promote the development of the targeted treatment and improve the prognosis evaluation of ESCC.

Introduction
Oesophageal carcinoma is a frequently seen malignant tumour worldwide, with an annual incidence of
more than 450,000 cases[1] . In China, the latest statistics showed that the incidence of oesophageal
cancer ranks third among men, �fth among women and fourth among cancer-related mortality[2] . The
oesophageal cancer can be more speci�cally divided into two histological categories, including
oesophageal adenocarcinoma (EAC) and oesophageal squamous cell carcinoma (ESCC). In recent years,
the incidence of EAC has increased, but ESCC still accounted for the largest proportion of oesophageal
cancers [3]. In China, ESCC accounted for more than 90% of all oesophageal cancers[4] , which is
characterized by high malignancy and a poor prognosis. Although the levels of clinical diagnosis and
treatment of ESCC have improved in the last three decades, the 5-year survival rate is still very low (only
15%-25%)[5, 6] . The main reasons for the poor survival and prognosis of ESCC patients are as follows: 1)
late detection: commonly patients only get diagnosed when they have entered advanced stage; 2)
frequent recurrence; and 3) lack of an effective treatment [7]. Therefore, the discovery of new diagnostic
markers or recurrence factors and the development of new therapeutic targets will be conducive to
improving the diagnosis and treatment of ESCC.
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MicroRNAs (miRNAs) are short-chain endogenous noncoding biomacromolecules which were composed
by approximately 21 nucleotides. They could suppress the gene expression through a posttranslational
regulatory modi�cation mechanism [8]. More speci�cally, the microRNAs can block the translation or
degrade the transcript of mRNAs by binding to the 3'-terminal noncoding region of the mRNA thus
affecting the expression of target genes. In the processes of tumourigenesis and tumour development,
according to the expression level of the microRNA and its main target genes, microRNAs can be used as
tumour promoter genes, namely, oncogenes, or tumour suppressor genes[8]. The involvement of mRNAs
in the metabolism, migration, invasion and angiogenesis of the ESCC has been reported in previous
studies. Recently, Hu et al. discovered that miR-196a had a regulatory effect on the proliferation, invasion
and migration of ESCC by targeting ANXA1[9]. In addition, microRNA-550a was found to be correlated to
poor survival outcomes in patients with oesophageal cancer by affecting the muscle system [10]. Gao et
al. demonstrated the involvement of hsa-miR-21-3p in the maintenance of stemness through the
regulation of TRAF4[11] . Moreover, it was reported that let-7b-5p could impose an inhibitory effect of the
motility and proliferation of ECSS through the negative modulation of KIAA1377 [12]. Because the
hybridization between the microRNAs and the target genes is non-speci�c, one mRNA molecule can
affect a variety of genes as well as their protein products, and plays an important role in many signaling
pathways. This may affect a large number of signaling pathways and networks in the carcinogenic
process of tumors, thus making microRNAs a potential target for the effective treatment of tumors.

Due to the regulatory impact of the miRNAs on gene transcription in ESCC, it is necessary to study the
mechanism by which microRNAs regulate the relevant target genes. However, little research has been
performed on level-related microRNAs in ESCC. Our study presented the pro�les of the differentially-
expressed miRNAs (DE-miRNAs) among T1/T2-stage and T3/T4-stage ESCC tissues as well as normal
tissues through microarray analysis with the Cancer Genome Atlas (TCGA). Afterwards, the GO (Gene
Ontology) term analysis and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway enrichment
analysis were performed, and the PPI network was also constructed to give additional insights into the
potential prognostic biomarkers and underlying molecular mechanisms of ESCC. Overall, our study aimed
to provide extra understanding of the molecular events of the ESCC, thus promoting the development of
target therapeutic methods for ESCC.

Materials And Methods
Analysis of microRNA expression by using data from the TCGA database

The TCGA is a free and open public platform that has a large number of cancer-related data. Therefore,
we downloaded miRNA-seq data from ESCC and paracancerous tissues from the TCGA database and
determined the expression of microRNAs. The expression of human miRNAs in ESCC samples was
assessed using Illumina HiSeq Systems. Student’s t tests were performed with the normalized miRNA
expression levels between normal tissues and ESCC tissues, and microRNAs meeting the criteria of P<
0.05 and (logFC) >2 were considered as potential DE-miRNAs.
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Targeted genes of the identi�ed miRNAs

The miRWalk2.0 database incorporated the information from 12 target gene prediction software (e.g.
RNAhybrid, miRanda, TargetScan), and can be used to predict possible interactions between microRNAs
and their targeted genes[13] . In our study, the target genes that were con�rmed by at least nine predictive
software were selected as the potential targets of the identi�ed DE-microRNAs.

KEGG pathway and GO term enrichment analyses

The function and enriched pathways of the potentially-targeted genes were analyzed through the GO term
[14] and KEGG [15] enrichment analyses with the DAVID database (https://david.ncifcrf.gov/) and KEGG
PATHWAY (http://www.genome.jp/kegg). P value of less than 0.05 was considered as the criteria for
statistically signi�cance.

PPI network

The PPI network was constructed with the STRING database (http://string-db.org)[16] for the evaluation
of gene interaction, and a combined impact factor score of more than 0.4 was considered as signi�cant
connection. The proteins related to the signi�cant nodes and the potential hub genes were achieved by
the Cytoscape software v3.6.0[17] .

Validation of the results

The TCGA database incorporated extensive information on the gene expression and disease-relevant
genes, so it is widely used in genetic researches. In the current study, we downloaded the TCGA ESCC
dataset to validate the identi�ed DE-miRNAs using the same strategy as in this report.

Statistical analysis

The data obtained in this project were analysed and produced by IBM SPSS 23, GraphPad Prism 6 and
Photoshop CC software with the support of the Apple MAC system. The obtained ESCC specimens were
classi�ed as two groups based on the TNM tumour grade: a low-grade group ((grade I and II) and a high-
grade group (grade III and IV). Mann-Whitney U test or Student's t test were performed to assess the
differences between the ESCC specimens and normal tissues. Chi-squre test or Fisher's exact test were
conducted to evaluate the independence of the categorical clinical data. Cox regression and the log-rank
test were adopted to evaluate the interested survival outcomes, and Kaplan-Meier curves were plotted.
Data were expressed in the form of the mean (+S.E.M.). All tests were double-tailed tests, and P  0.05
was considered as the criteria for statistically signi�cance.

Results
DE-miRNAs in different stages of ESCC and the potentially targeted genes

http://string-db.org/
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The expression pro�les of miRNAs with different levels among ESCC tissues and normal tissues were
obtained from the TCGA-ESCC dataset. Microarray data included 7 T1 ESCC tissues, 55 T2 ESCC tissues,
26 T3 ESCC tissues, 4 T4 ESCC tissues and 3 normal tissues. There were 43 DE-miRNAs between T1/2
ESCC and normal tissues and 57 DE-miRNAs between T3/4 ESCC and normal tissues. Among them, 37
DE-miRNAs were identi�ed, including 31 down-regulated DE-miRNAs and 6 up-regulated DE-miRNAs
(Fig.1A). To show the signi�cantly differential distribution of the 43 DE-miRNAs, the heat map that was
constructed with the DE-miRNAs and the reference of TCGA was presented in Fig.1B.Additionally, 1884
target genes for identi�ed miRNAs were achieved based on the miRWalk2.0 database, among which 964
genes were for the up-regulated miRNAs while 920 ones were for the down-regulated miRNAs.

GO term analysis of the DEGs

We used several online databases, including DAVID and KEGG PATHWAY, to analyse the biological
functions and the highly-enriched pathways related to the identi�ed targeted genes in ESCC. GO
functional enrichments of the up- and downregulated target genes were performed with DAVID, in which
three functional groups were included (i.e. molecular function/MF, cell composition/CC, biological
processes/BP). The enriched GO terms (P value < 0.05) were presented in Fig.2. Among the target genes
of the up-regulated miRNAs, the top 3 enriched BPs were positive regulation of RNA polymerase II
promoter transcription, positive regulation of transcription, and DNA-templated and protein
phosphorylation, and the most enriched CCs were cytoplasm, nucleoplasm and Golgi apparatus, while the
most enriched MFs included protein binding, protein serine/threonine kinase activity and ATP binding
(Fig.2A). Similarly, among the target genes of the down-regulated miRNAs, the top 3 enriched BPs were
positive regulation of RNA polymerase II promoter transcription, positive regulation of transcription, DNA-
templated and transcription from the RNA polymerase II promoter, and the mostly enriched CCs were
nucleus, cytoplasm and membrane, while the most enriched MFs included chromatin binding and
sequence-speci�c DNA binding, RNA polymerase II core promoter proximal region sequence-speci�c
binding, and transcriptional activator activity (Fig.2B). These results showed that most of the DE-miRNAs
were signi�cantly enriched in the RNA polymerase II promoter, cell parts and binding.

KEGG pathway enrichment analysis

Potential targets for the DE-miRNA function and signaling pathway enrichment were achieved using the
DAVID and KEGG PATHWAY online websites. According to the KEGG pathway analysis, the identi�ed
target genes of the up-regulated DE-miRNAs were mainly enriched in the signaling pathways related to
the pluripotency of stem cells, proteoglycans in cancer, pathways in cancer, the Hippo signaling pathway,
microRNAs in cancer, the PI3K-Akt signaling pathway, oocyte meiosis, ubiquitin-mediated proteolysis and
HTLV-I infection (Fig.3A). With respect to the down-regulated DE-miRNAs, the potentially targeted genes
were mostly enriched in pathways in cancer, HTLV-I infection, ubiquitin-mediated proteolysis, the bacterial
invasion of epithelial cells, focal adhesion, pancreatic cancer, adherens junction, and chronic myeloid
leukaemia (Fig.3B).

Analyzing target genes in ESCC by using the PPI network
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Overall 746 target genes (417 up-regulated genes and 329 down-regulated genes) of 1884 candidate
genes were selected for the construction of the PPI network. For better visualization, the top 15 hub nodes
with high degrees of the target genes were screened. More speci�cally, the 15 hub node genes (degree >=
23) of the up-regulated DE-miRNAa included PIK3R1, SMURF1, NRAS, UBE2V1, UBE2D3, MAPK3, GNG2,
APP, CUL2, RNF111, CDC23, ANAPC1, WWP1, CUL3, and GAN (Fig.4A), among which the PIK3R1
demonstrated the highest degree of connectivity (degree=32). Similarly, regarding the down-regulated
miRNAs, the 15 hub genes (degree >= 14) were NOTCH1, CUL3, PPP1CC, UBE2F, KLHL42, UBE3C, UBE2J1,
FBXL19, SPSB4, STAT5B, UBE2D3, ZNRF1, UBE2E3, PJA2, and UBE2R2 (Fig.4B), among which NOTCH1
was the most signi�cant gene (degree=19).

Validation of DE-miRNAs in the TCGA ESCC dataset

8 of the 37 DE-miRNAs that we identi�ed from our analyses were also found in the veri�cation analyses
with the downloaded TCGA ESCC dataset, including mir-338, mir-194-1, mir-133b, mir-143, mir-139, mir-
135a-2, mir-23b and mir-10a, all of which were also signi�cantly correlated with ESCC patients’ OS (p <
0.05) (Fig.5,  Fig.6).

Exploration of signi�cant pathways associated with OS-correlated microRNAs.

To explore the pathogenesis of microRNAs in ESCC, we selected two microRNAs with the greatest fold
change (FC) in expression, mir-194 and mir-196, and then explored their carcinogenic mechanism. By
using the miRWalk2.0 database, we found that two miRNAs were associated with multiple pathways.
Moreover, some signi�cant target genes were also obtained and are shown in Fig.7.

Discussion
ESCC is a common malignant tumour in China. Once diagnosed, most patients have developed into
middle and advanced stages. At present, surgical resection is the main treatment. After treatment, the rate
of metastasis and recurrence is very high, and the �ve-year survival rate is very low. Therefore, it is
particularly urgent and important to study the molecular mechanism of its occurrence and development.
At present, most of the studies on ESCC focus on coding RNAs. There are few studies on the function and
mechanism of noncoding RNAs in ESCC, and this study is an attempt in this �eld.

In the present study, a total of 37 DE-miRNAs were identi�ed from the TCGA-ESCC dataset by using
integrated bioinformatic methods among the ESCC tissues and normal tissues, including 6 up-regulated
and 31 down-regulated miRNAs. Moreover, a total of 1884 target genes (964 up-regulated and 920 down-
regulated genes) of the candidate key DE-miRNAs were selected for the PPI network construction. In
addition, the most signi�cant hub genes were obtained from the PPI network; among them, PIK3R1 and
NOTCH1 were identi�ed as the most important nodes. Moreover, the enriched KEGG pathways of the
targets of the DE-miRNAs included stem cells, proteoglycans in cancer, microRNAs in cancer, the Hippo
signaling pathway, pathways in cancer, the PI3K-Akt signaling pathway, oocyte meiosis and ubiquitin-
mediated proteolysis.
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Among all the investigated ESCC tissues and normal tissues, the most signi�cant changes were observed
in the expression levels of miR-196a-1 (up-regulated) and miR-194-2 (down-regulated). It was proposed
that miR-196a could be used as a biomarker for the diagnosis of ESCC [18]. Moreover, researchers have
the involvement of miR-196a in the metastasis of ESCC through the regulation of RAP1A expression [19].
In addition, the miR-194 was found to be correlated with the resistance to neoadjuvant
radiochemotherapy in ESCC [20]. Moreover, the proliferation and invasion of ESCC could be inhibited by
the miR-194 through the mediation of KDM5B [21] . More recently, researchers claimed the potential use
of serum miR-194 as a novel biomarker for ESCC [22]. Although there have been studies investigating the
application of miR-196a-1 and hsa-miR-194-2, the underlying mechanisms related to as oncogenesis and
tumor suppression effects in ESCC still need further investigation.

According to the GO term analysis, the target genes of the up-regulated miRNAs were mostly enriched in
the positive regulation of the RNA polymerase II promoter transcription at BP level, while the highly
enriched CC term was cytoplasm and the mainly enriched MF was protein binding. Similarly, the target
genes of the down-regulated miRNAs were enriched in the BP of positive regulation of the RNA
polymerase II promoter transcription, and the mostly enriched CC term was the nucleus, while
transcriptional activator activity and RNA polymerase II core promoter proximal region sequence-speci�c
binding were highly enriched at the MF level. The KEGG pathway enrichment analysis indicated that the
signaling pathways mediating the pluripotency of stem cells, proteoglycans in cancer, the Hippo
signalling pathway, pathways in cancer, microRNAs in cancer, the PI3K-Akt signaling pathway, oocyte
meiosis, ubiquitin-mediated proteolysis and HTLV-I infection were the highly enriched pathways for the
target genes of the up-regulated DE-miRNAs. With respect to the down-regulated miRNAs, enriched
pathways included pathways in cancer, HTLV-I infection, ubiquitin-mediated proteolysis, the bacterial
invasion of epithelial cells, focal adhesion, pancreatic cancer, adherens junction, and chronic myeloid
leukaemia.

Recently, researchers found that the decreased level of miR-31 could promote the epithelial-mesenchymal
transition in ESCC by inducing the LATS2 expression via the Hippo pathway [23]. Moreover, RhBMP-2
could activate Hippo signaling through RASSF1 in ESCC [24]. It was reported that circVRK1 imposed the
regulatory effect on tumor progression and radio-resistance in ESCC through the mediation of the miR-
624-3p/PTEN/PI3K/AKT signaling pathway [25]. Up-regulation of the miR-141-3p was found in ESCC, and
the pleckstrin homology domain leucine-rich repeat protein phosphatase-2 was the target, which could
impose negative regulatory effect on the PI3K/AKT pathway [26] . The migration and proliferation of the
ESCC cells could be inhibited by the long non-coding RNA growth arrest speci�c 5 via the
PI3K/AKT/mammalian target of rapamycin signaling pathway [27]. Our results from the GO analysis and
KEGG pathway enrichment analysis con�rmed the role of the miRNAs in ESCC that were proposed in
previous studies.

According to the constructed PPI network, the PIK3R1 (degree = 32) and NOTCH1 (degree = 19) were
identi�ed as the most signi�cant hub genes with the highest connectivity. PIK3R1 encoded the 85 kD
regulatory subunit of the phosphatidylinositol 3-kinase, which has been reported to be of great
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signi�cance in the insulin metabolism, and mutation of the gene could lead to insulin resistance. A study
conducted with the eastern Chinese population indicated the potential correlations between PI3KR1 and
ESCC risk, which could be affected by gene-environment interactions [28]. The Notch signaling pathway
can impose either tumour suppression or tumorigenic effects in ESCC. For instance, loss-of-function
mutations of the NOTCH genes could inhibit the ectopic Notch activation, while, on the other hand, the
epidermal growth factor receptor in ESCC could be activated by the Wnt and Notch signaling
pathways[29]. The novel transduction of nutrient stress to the Notch pathway by RasGRP3 promotes
malignant aggressiveness in human ESCC [30]. Genomic analyses have revealed that FAM84B and the
Notch pathway could be related to the ESCC progression [31]. Notch signaling target genes are directly
correlated with ESCC tumourigenesis [32]. Notch1 is a marker of 5-�uorouracil resistance and poor
survival in human ESCC [33] . Researchers have also found the increase of the Notch1 could impose a
negative effect on EMT, cell metastasis and cell motility. The results of our study supported the imported
roles of PIK3R1 and NOTCH1 as the candidate targets related to ESCC malignancy.

Conclusions
Our study presented a pro�le of the DE-miRNAs in different stages of ESCC by using integrated
bioinformatic analyse. Overall 31 down-regulated and 6 up-regulated DE-miRNAs were identi�ed, and
1884 potential targeted genes were selected. The genes were found to be associated with a number of
signaling pathways in ESCC according to the functional term analysis and pathway enrichment analysis,
including the pluripotency of stem cells, proteoglycans in cancer, the Hippo signaling pathway, pathways
in cancer, microRNAs in cancer, the PI3K-Akt signaling pathway, oocyte meiosis, ubiquitin-mediated
proteolysis and HTLV-I infection. Our studies indicated the signi�cance of miR-196a-1, miR-194-2 as well
as the hub target genes (PI3KR1 and NOTCH1), which could be applied as potential therapeutic targets
for ESCC. Our �nding supported the conclusions in previous studies and gave additional insights into the
molecular mechanisms of the ESCC progression and malignancy, which could contribute ro the
development of the diagnosis and prognostic prediction of ESCC.
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Figure 1

Identi�cation of differentially expressed miRNAs in ESCC. (A) Venn diagram presents overlapping
relationships, and 37 differentially expressed miRNAs were identi�ed. Blue circle stands for differentially
expressed miRNAs between normal tissue and T1/T2 stage tumour, and circle in red represented for
differentially expressed miRNAs between normal tissue and T3/T4 stage tumour. (B) Cluster analysis of
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differentially expressed miRNAs using data pro�le from TCGA, a total of 3 normal tissue and 95 ESCC
samples are presented as a heat map.

Figure 2

Gene Ontology analysis and signi�cant enriched GO terms of targets of differentially expressed miRNAs
in ESCC. The top enriched terms were showed (P<0.05). (A) GO analysis classi�ed the up-regulated
differentially expressed miRNAs targets into 3 groups (molecular function, biological process and cellular
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component). Signi�cant enriched GO terms of up-regulated differentially expressed miRNAs targets in
ESCC based on their functions. (B) GO analysis classi�ed the targets of down-regulated differentially
expressed miRNAs into 3 groups. Signi�cant enriched GO terms of down-regulated differentially
expressed miRNAs targets in ESCC based on their functions.

Figure 3
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Signi�cantly enriched pathway terms of differentially expressed miRNAs targets in ESCC. (A) KEGG
pathway enrichment analysis of up-regulated miRNAs target genes in ESCC. (P<0.05). (B) KEGG pathway
enrichment analysis of down-regulated miRNAs targets in ESCC. (P<0.05).

Figure 4

Gene regulatory network based on the top 15 hub target genes of the differentially expressed miRNAs
targets in ESCC. Orange represents the target genes of the up-regulated miRNAs and blue represents the
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target genes of the down-regulated miRNAs. (A) Up-regulated miRNAs. (B) Down-regulated miRNAs.

Figure 5

Expression of top 4 differentially expressed miRNAs (from TCGA) correlates with survival in ESCC. The
median value of expression was set as the cut-off point (P<0.05). (A) KM survival curves of mir-135a-2 in
ESCC patients. (B) KM survival curves of mir-10a in ESCC patients. (C) KM survival curves of mir-133b in
ESCC patients. (D) KM survival curves of mir-338 in ESCC patients.



Page 17/18

Figure 6

Differentially expressed microRNAs with signi�cantly survival between ESCC and adjacent normal tissues
(from TCGA). Differentially expressed microRNAs with more than fourfold change or ,0.25-fold change.
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Figure 7

Signi�cant pathways associated with OS correlated microRNAs. (A) Pathways and target genes
associated with most up-regulated microRNA. (B) Pathways and target genes associated with most
down-regulated microRNA.


