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Abstract To identify the typically expressed miRNAs in
squamous cell carcinoma (SCC) and adenocarcinoma
(ADC) of esophagus cancer and their target genes, and ex-
plore the related functions and pathways, providing potential
biomarkers for esophageal carcinoma diagnosis and treat-
ment. Gene expression profile GSE13937 was downloaded
from Gene Expression Omnibus database which includes 152
samples, paired non-cancerous and cancerous, 44 SCC cases
and 32 ADC cases; the differentially expressed miRNAs were
identified with limma packages in R language after the data
were normalized. Selected differentially expressed miRNAs
were further analyzed using bioinformatics methods. Firstly,
verified targets of miRNAs in two miRNA databases:
miRecods and miRTarBase were integrated to select the tar-
gets genes of differentially expressed miRNAs. Next, String
software was used to construct the target genes interaction
network. Finally, function and pathway enrichment analysis of
genes in the interaction network was carried out with Gestalt
software. Up-regulated hsa-miR-21 and down-regulated hsa-
miR-203 were identified by comparing normal and cancer
tissue samples, and the targets genes regulated by these two
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miRNAs were most significantly related to cell cycle function
and pathway, especially in the phase of G1/S. The two differ-
entially expressed miRNA: hsa-miR-21 and hsa-miR-203
provide evidence for early diagnosis and treatment of esoph-
ageal carcinoma. The functions and pathways of target genes
shows that deep understanding of cell cycle G1/S will help to
illustrate the relationship between cell cycle regulation and
pathogenesis of esophageal cancer.
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Introduction

Esophageal cancer (EC) ranks eighth of occurrence and sixth
as the leading cause of cancer mortality [1]. EC is most
common in China with the highest mortality [2]. Squamous
cell carcinoma (SCC) and esophageal adenocarcinoma (ADC)
account for more than 90 % in EC [3]. The formation of EC is
a combined cumulative process of multi factors, and the
clinical treatments at present are mainly surgery, radiotherapy
and chemotherapy, with low survival rate [4]. The establish-
ment of early prevention and detection by finding specific
genetic biomarker is the hotspot in the research field of tumor
and even EC.

MiRNAs are well-conserved, small (20-24 nucleotides),
non-coding RNA molecules, regulating mRNAs translation,
and controlling gene expression by targeting mRNAs [5]. As
the biological characteristics of miRNAs, such as formation
and functions, have been gradually known, it is reported that
miRNAs have very close relationship with the formation of
tumor [6]. MiRNA, normally positioned in cancer-associated
genomic regions: genomic instability region, expresses abnor-
mally in almost all tumors, involves in basic signal transduction
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Table 1 The differentially

expressed miRNAs sCC ADC
miRNA_ID FDR logFC miRNA_ID FDR logFC
hsa-miR-521 0.0349 —3.21888 hsa-mir-101 0.03110064 —2.7524059
hsa-miR-302¢ 0.0407 —3.01481 hsa-miR-205 0.00008318 —2.7126889
hsa-mir-498 0.0331 —2.90049 hsa-miR-203 0.00020111 —2.4498658
hsa-mir-509 0.0434 —2.44217 hsa-miR-194* 0.04947571 —2.4378198
hsa-mir-450a 0.0338 —2.12801 hsa-miR-136* 0.01494514 —2.1281385
hsa-mir-331 0.00371 —1.861 hsa-miR-202 0.0000631 —1.8122706
hsa-miR-202 0.000119 —1.64359 hsa-miR-450a 0.00535475 —1.1080344
hsa-miR-203 0.0035 —-1.56716 hsa-miR-496 0.00799396 —1.0811464
hsa-miR-375 6.22E-07 —1.40221 hsa-miR-424* 0.03857966 —1.0164284
hsa-miR-133a 0.00114 -1.2097 hsa-miR-21 0.00006686 1.1190711
hsa-miR-1 0.000842 —-1.11102 hsa-miR-192 0.02401597 1.1554549
hsa-miR-223 2.51E-06 1.252839 hsa-miR-335 0.00554656 1.6218158
hsa-miR-21 1.29E-10 1.406785 hsa-miR-183* 0.03908016 2.0359841
hsa-miR-452 0.0286 1.498027 hsa-miR-208a 0.04544495 3.0559119
hsa-miR-154* 0.0324 1.932731 hsa-miR-511 0.00915115 49617077
hsa-mir-512 0.00931 3.044924 hsa-miR-518b 0.00124996 5.4469899

SCC squamous cell carcinoma, hsa-miR-381 0.00188 4329163 hsa-miR-381 0.00132844 8.2431998

ADC adenocarcinoma of esopha- hsa-miR-519a 0.0177 4373794

gus cancer, FDR false discovery  hga-miR-518c* 2.23E-05 5.722046

rate, FC fold chance

pathways, and regulates the expression of many tumor-related
genes by regulating the translation of mRNA [7].

Recent studies have pointed out that miRNA is closely
related with the formation and development of EC [8, 9],
including SCC and ADC. Hsa-miR-21* is found to be up-
regulated in SCC tissues [10] and may play a role in abnormal
proliferation of SCC tissues by negatively regulating the ex-
pression of tumor suppressor gene PDCD4 [11]. Hsa-miR-203
is one of the down-regulated miRNAs in SCC tissues [12],
and miR-203 mediates the post-transcriptional suppression of
SOCS3 [13]. The miRNA expression profiles of EC are
significantly different from that of adjacent normal tissue.
However, high-throughput screenings of miRNA expression
in EC remains rare. In this study, we aimed to screen the
differentially expressed miRNAs by comparing miRNA mi-
croarray expression data of non-cancerous, SCC and ADC
samples. In addition, their underlying target genes and the
molecular mechanism were also predicted.

Materials and Methods
Affymetrix Chip Data
GSE13937 was downloaded from a public functional genomics

data repository Gene Expression Omnibus (GEO) database [2].
Total 152 non-cancerous and cancerous paired samples were
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available, including 44 SCC cases, and 32 ADC cases (18 cases
were also diagnosed with Barrett’s esophagus). The annotation
information of chip was also downloaded from GPL8835 OSU-
CCC Human and Mouse MicroRNA Microarray (Version 3.0).

Data Processing and Differentially Expressed miRNAs
Analysis

Original CEL expression profiling data were processed by
Affy package in R language [14, 15], and then was standard-
ized using median method. Significance of differentially
expressed miRNA was tested by R package-limma [16], and
adjusted for multiple testing with the Benjamin and Hochberg
(BH) [17] in multtest package. Only the miRNAs with False
Discovery Rate (FDR) < 0.05 and |logFC| > 1 were selected as
differentially expressed miRNAs.

Target Gene Screening of Differentially Expressed miRNAs

Every single miRNA has multiple target genes. In order to
detect target genes with high certainty factor (HCF), we inte-
grated the verified targets of miRNAs in two miRNA databases:
miRecods and miRTarBase to select the target genes of differ-
entially expressed miRNAs. MiRecords is a database of target
gene interaction of animal miRNA [18], including target genes
that have been validated experimentally, and have now gathered
548 miRNAs of 9 species with their verified target genes.
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Table 2 The target genes of differentially expressed miRNAs

a).miRNA-203

Tarbase miRecord
ABCEL1 —
ABLL1 ABLL1
BCL2L2 —
CDK6 —
EDNRA —
EYA4 —
GDAP1 —
PPM1D —
SOCS3 SOCS3
TP63 p63

b).miRNA-21

Tarbase miRecord Tarbase miRecord Tarbase miRecord
TIMP3 TIMP3 ANKRD46 — SPATS2L —
MTAP MTAP BASP1 — SPRY2 —
MARCKS MARCKS BCL2 — TGFBI —
RASGRP1 RASGRP1 CCR1 — TGIF1 —
HNRNPK HNRNPK CDK2AP1 — WIBG —
PTEN PTEN DERLL1 — WEFS1 —
CDC25A CDC25A E2F2 — RTN4 —
BMPR2 BMPR2 EGFR — — ACTA2
TP53BP2 TP53BP2 EIF2S1 — — BMPRII
SOXS5 SOXS EIF4A2 — — CDK6
APAF1 APAF1 ERBB2 — — CDKNIA
PPIF PPIF FMOD — — CFL2
E2F1 E2F1 ICAM1 — — FAM3C
TOPORS TOPORS IL1B — — FAS
LRRFIP1 LRRFIP1 ISCU — — Glecil
DAXX DAXX MEF2C — — HIPK3
BTG2 BTG2 MSH2 — — IL-6R
TGFBR3 TGFBR3 MSH6 — — NFIB
IMY MY MYC — — PRRG4
RECK RECK NCAPG — — pten
TGFBR2 TGFBR2 NCOA3 — — RASA1
SERPINBS SERPINBS PCBP1 — — RP2
JAGI JAGI1 PDHA2 — — SESNI1
PDCD4 PDCD4 PLAT — — SGK3
TIAM1 — PLOD3 — — SLCI6A10
TMOSF3 — PTX3 — — SOCS5
TNFAIP3 — REST — — TGFB1
TP63 — RHOB — — TP73L
TPM1 — RPS7 — — TPM1

MiRTarBase is also a database that collects comprehensively
the verified target genes, and up to Nov, 2012 [19], it has
collected 14 species with 773 miRNA and the corresponding
2,632 target genes. We chose the common target genes of
differentially expressed miRNA in these two databases as the
target genes of HCF.

Construction of the Target Genes Interaction Network

To study genes and their expression product-protein, it is
necessary to study the interactive protein of them [20]. The
online String (Search Tool for the Retrieval of Interacting
Genes) Software [21] was used to construct the target genes
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Fig. 1 Interaction network of target genes. The lozenge nodes are for the two miRNA, the orange nodes and the yellow nodes represent common target
genes of hsa-miR-21 and hsa-miR-203 respectively in Tarbase and miRecord database, and the blue nodes are the predicted interacting objects

interaction network after the interactions of all target genes
were collected. Interaction scores were calculated according to
experimental data and text mining by String.

Function and Pathway Enrichment Analysis of Target Genes
To gain further insight into the functions and pathways of target
genes in the target genes interaction network, Gestalt (Gene Set

Analysis Toolkit) software was used to identify the significant
functions and pathways. A group of similar or related genes were
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used as a whole in the analysis. Hypergeometric distribution
analysis in Gestalt was used to identify the related genes in the
interaction network (FDR<0.05). Biological function and char-
acteristics changes were assessed by overall significance of gene
expression changes in gene sets. Because the data dimension in
this strategy is greatly reduced, and the analysis processes are
very close to biological problem, enrichment analysis is increas-
ingly used in microarray data analysis [22]. Gestalt is a rich
analysis suite used in the analyses of biological problems, which
contains all the information stored in different public resources,
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such as NCBI (National Center for Biotechnology Information),
Ensemble, KEGG (Kyoto Encyclopedia of Genes and Genomes)
and GO (Gene Ontology) of 8 species including human, rat and
mice [23, 24].

Results
Screening for Differentially Expressed miRNAs

Based on normalized expression data after data processing, 19
and 17 differentially expressed miRNAs (FDR<0.05 and
[logFC|>1) in SCC and ADC were screened respectively (as
shown in Table 1), of which up-regulated hsa-miR-21 and
down-regulated hsa-miR-203 were the two common differen-
tially expressed miRNAs.

Screening for Target Genes of Differentially Expressed
miRNAs

The numbers of target genes with HCF of up-regulated hsa-
miR-21 and down-regulated hsa-miR-203 were 87 and 10
respectively (as shown in Table 2).

Target Genes Interaction Network Construction

The network is shown in Fig. 1. Total 24 common target genes
were screened from Tarbase and miRecord databases of has-
miR-21, such as PTEN, TGFBR2; and total 10 common target
genes were selected of has-miR-203, such as ABLI, p63.

Function and Pathway Enrichment Analysis of Target Genes

We found 12 and 11 significantly enriched functions of target
genes of has-miR-21 and has-miR203 respectively (as shown
in Table 3), of which cell cycle regulation function was the
most significant. The pathway of has-miR-203 target genes
cannot be enriched because the gene number (10) was low,
thus the genes in the interaction network were analyzed as a
whole in the pathway enrichment. Judged by the enriched
pathways (Table 4), cell cycle pathway was the most signifi-
cant pathway of the interactive genes (Fig. 2). Genes regulated
by the two miRNAs were mainly distributed in the phase of
G1/S in cell cycle.

Discussion

By DNA microarray, differentially expressed miRNAs and
their target genes were screened in this study, such as up-
regulated has-miR-21/PTEN, E2F1, and down-regulated has-
miR-203/ABL1, p63.

249
Table 3 Enriched gene functions in the network
Term Count FDR
a).hsa-miR-21
GO:0051726~regulation of cell cycle 21 3.66E-13
GO:0010941 ~regulation of cell death 28 1.83E-12
GO0:0042981 ~regulation of apoptosis 27 1.35E-11
GO0:0043067~regulation of programmed cell death 27 1.70E-11
G0:0010942~positive regulation of cell death 20 6.80E-10
G0:0042127~regulation of cell proliferation 24 6.16E-09
G0:0006468~protein amino acid phosphorylation 21 1.42E-07
GO0:0010604~positive regulation of 22 1.76E-06
macromolecule metabolic process
GO:0007049~cell cycle 21 2.04E-06
GO:0006793 ~phosphorus metabolic process 23 2.85E-06
GO:0006796~phosphate metabolic process 23 2.85E-06
GO0:0016310~phosphorylation 21 3.46E-06
b).hsa-miR0-203
GO:0007049~cell cycle 19 2.27E-16
GO:0007242 ~intracellular signaling cascade 32 1.20E-14
GO0:0042325~regulation of phosphorylation 20 347E-11
GO0:0042127~regulation of cell proliferation 24 3.73E-11
GO:0051174~regulation of phosphorus metabolic 20 7.17E-11
process
GO0:0019220~regulation of phosphate metabolic ~ 20 7.17E-11
process
GO0:0010033 ~response to organic substance 20 7.82E-08
GO0:0042981 ~regulation of apoptosis 19 4.00E-06
G0:0043067~regulation of programmed cell death 19 4.68E-06
GO0:0010941 ~regulation of cell death 19 4.96E-06
GO0:0010604~positive regulation of 19 1.10E-05

macromolecule metabolic process

Count gene numbers, FDR false discovery rate

Multiple studies have shown that expression levels of many
miRNAs in tumor tissues are up-regulated or down-regulated
to varying degree [5]. Major biological function of miRNA is
the post-transcriptional regulation, which may has potential
impact on every genetic pathway. The degradation and post-
transcriptional translation of target genes are inhibited by the

Table 4 Enriched genes pathways in the network

Term Count FDR

hsa04110:Cell cycle 14 2.43E-08
hsa04115:p53 signaling pathway 11 2.07E-07
hsa04350:TGF-beta signaling pathway 11 2.52E-06
hsa04210:Apoptosis 11 2.52E-06
hsa05214:Glioma 9 5.38E-05
hsa05014:Amyotrophic lateral sclerosis (ALS) 8 3.02E-04
hsa04914:Progesterone-mediated oocyte maturation 9 6.34E-04

Count gene numbers, FDR false discovery rate
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Fig. 2 Cell cycle pathway. The yellow nodes target genes, and the rest are other genes participated in cell cycle pathway

completely or partially complementary of miRNA to 3'-
untranslated regions of target mRNA, thus the expression of
target genes are regulated [25].

MiR-21 expression is elevated, while miR-203 is reduced
in SCC and ADC patients {Mathé, 2009 #156} [12]. The
expression of miR-21 is significantly up-regulated in whole
spectrum of preneoplastic/neoplastic lesions [26]. Zhang et al.
[27]. report that miR-21 post-transcriptionally down-regulates
the expression of tumor suppressor PTEN, and regulates cell
proliferation and invasion in colorectal cancer [28]. Over-
expressed PTEN significantly suppresses growth and induces
apoptosis in EC cell line Eca-109 and TE-1 via changes in
cell-cycle progression [29]. PTEN is the upstream regulator of
Akt kinase pathway that is involved in oncogenesis [30].
MiR-21 is direct transcriptional target of E2F1 [31] that limit
E2F-induced proliferation and apoptosis. Genetic analysis and
computational modeling shows that E2F1 ensures the
endocycle [32].

MiRNA-203 is a tumor-suppressive miRNA for hepatocel-
lular carcinoma epigenetically silenced and activating multi-
ple targets during hepatocarcinogenesis [33], and leads to G1
phase cell cycle arrest in laryngeal carcinoma cells [34]. Maria
J. Bueno et al. report that miR-203 can inhibit tumor cell
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proliferation in an ABL1-dependent manner, and ABL1 is a
direct target of miR-203 [35]. ABLI has been implicated in
multiple processes including cell division, adhesion and cel-
lular stress response [36]. AM et al. [37]. reported that miR-
203 is a key molecule controlling the p63-dependent prolifer-
ative potential of epithelial precursor cells both during
keratinocyte differentiation and in epithelial development. It
is found that p63 regulates cell proliferation and cell cycle
progression-associated genes in stromal cells of giant cell
tumor of bone [38].

There are many studies focus on exploring the relationship
between miRNAs and EC, but few are about target genes of
typical miRNAs. We found in this study that 25 target genes of
has-miR-21 and 10 target genes of has-miR-203 in SCC and
ADC, which are close related to cell cycle pathway, and they
are mainly distributed in the phase of G1/S in cell cycle with
largest quantity, little genes distributed in the latter two phases:
G2/M, medium/late stage (spindle assembles). Cell cycle reg-
ulation is a complex biological process that involves the
biological effects of a lot of proto-oncogenes and tumor sup-
pressor genes [39]. Seeking for new drugs treatments that can
protect normal tissue and induce the differentiation and apo-
ptosis of cancerous tissue at the same time, to activate the cell
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cycle regulation mechanism and assure normal cell growth,
proliferation, differentiation, will be new direction in tumor
cure [40].

Conclusion

Up-regulated hsa-miR21 and down-regulated hsa-miR203
provide evidence for esophageal carcinoma early diagnosis
and treatment, functions and pathways study of these two
genes showed G1/S phase of cell cycle may be related with
pathogenesis of EC.
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