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Abstract
Esophageal cancer has a poor prognosis due to its aggressiveness and low survival rate. In Ease Asia, esophageal squamous 
cell carcinoma (ESCC) outnumbers esophageal adenocarcinoma (EAC). The ESCC patients still have high mortality despite 
modern surgical resection and neoadjuvant treatment. Determining patient and outcome prognostic factors is critical in 
ESCC treatment. In esophageal cancer, early growth response-1 (Egr-1) is a tumor suppressor gene, but the mechanism and 
associated genes are unknown. The study utilizes RNA interference method, the platform of Next Generation Sequencing 
(NGS) and bioinformatics analysis to investigate the influences after the Egr-1 gene slicing on the ESCC cells. The heat 
maps of differentially expressed mRNA and microRNAs were analyzed using the algorithm, Burrows-Wheller Aligner. 
The study showed that the expression of 51 mRNA and 26 microRNAs have significant changes in ESCC cells after Egr-1 
knockdown. The KEGG enrichment analysis linked Egr-1-regulated genes and microRNAs. Egr-1 interactions with these 
genes and microRNAs may be important in tumor progression. In conclusions, this study provided the transcriptome pat-
terns and relating pathway analysis for Egr-1 knockdown in ESCC cells. The mRNA and microRNAs altered by Egr-1 gene 
silencing might provide key information in the treatment of ESCC.
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1 Introduction

Esophageal cancer is associated with poor survival rate 
despite surgical resection. Two main histological subtypes, 
esophageal squamous cell carcinoma (ESCC) and esopha-
geal adenocarcinoma (EAC), have significant differences 
in epidemiology, etiology, and treatment response. In East 
Asia and Africa, ESCC is the predominant subtype. Many 
clinicopathological variables, included the depth of tumor 
invasion, lymph node involvement, lymphovascular inva-
sion, intramural metastasis, and the stage of disease, have 
been examined to predict the prognosis. Multiple molecu-
lar changes have also been investigated to elucidate the 
mechanism of ESCC tumorigenesis [1–3]. In recent years, 
neoadjuvant treatment, including neoadjuvant chemother-
apy (nCT) or neoadjuvant chemoradiotherapy (nCRT), 
followed by esophagectomy, has become the standard 
strategy for resectable locally advanced esophageal can-
cer due to the survival benefit. Moreover, the pathological 
response after nCT or nCRT has been demonstrated to 
be independently associated with overall survival [4, 5]. 
Therefore, it is important to set up a new system to predict 
the pathological response and survival rate.

The early growth response-1 (Egr-1) is a zinc-finger 
transcription factor of 59 Kilodaltons. Egr-1 is involved 
in the regulation of cell growth and differentiation in 
response to signals, such as mitogens, growth factors, and 
stress stimuli [6]. Analysis of certain human tumor cells 
and tissues indicate that Egr-1 acts as a tumor suppressor 
[7–9]. Egr-1 suppress the function of 4E-BP1, which in 
turn sequester eIF4E and lead to rapamycin insensitivity.

Gao et al. showed that miRNA-191 modulates Egr-1 
and the prognosis of ESCC [10]. Zhao et al. showed that 
Egr-1 represses ESCC through ERK1/2 signaling pathway 
[11]. Other studies revealed miRNAs are involved in the 
origin and development stage of ESCC as well as che-
mosensitivity [12–15]. These articles indicate that Egr-1 
play important roles in ESCC by controlling cell growth, 
proliferation, differentiation, and angiogenesis both epi-
genetically and genetically. However, variable miRNAs, 
together with different miRNAs-mRNAs regulatory sys-
tems, lead to complex outcomes that require further inves-
tigation [16].

Our preliminary data revealed that Egr-1 is an impor-
tant tumor suppressor which highly corelates with chemo-
sensitivity in ESCC (in pressing). The Egr-1 could play an 
important role as a tumor suppressor as well as influencing 
the chemotherapeutic effects. Therefore, we investigated 
the miRNAs linking in the Egr-1 as well as explore the 
relationship between Egr-1 and these miRNAs to explore 
the miRNAs-mRNAs regulation in ESCC.

2  Materials and Methods

2.1  Cell Culture

Esophageal cancer cell line, CE81T, were obtained from 
Dr. Cheng-Po Hu at Taipei Veterans General Hospital and 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) 
(Invitrogen-Gibco, Carlsbad, USA), with 10% heat-inac-
tivated fetal bovine serum (Biological Industries, Kibbutz 
Beit-Haemek, Israel), 100 U/mL penicillin (Invitrogen-
Gibco, Carlsbad, USA), 1% MEM non-essential amino acids 
(NEAA) and 100 µg/mL streptomycin (Invitrogen-Gibco, 
Carlsbad, USA), at 37 ℃ in a humidified 5%  CO2 atmos-
phere. Cells were grown in Corning tissue culture-treated 
plastic (Corning, Inc., Corning, USA).

2.2  siRNA Knockdown

siRNA-mediated EGR-1 knockdown was carried out in the 
CE81T cell line to observe the cell growth and viability of 
ESCC tumor cells. The EGR-1 siRNA oligos pool (1:5′-
GAU GAA CGC AAG AGG CAU A-3′; 2:5′- CGA CAG CAG 
UCC CAU UUA C-3′; 3:5′-GGA CAU GAC AGC AAC CUU 
U-3′; 4:5′- GAC CUG AAG GCC CUC AAU A-3′) were syn-
thesized by Genomics BioScience and Technology Co., 
Ltd. (Taipei, Taiwan). All transient transfections of the 
siEGR-1 oligos pooled at a final concentration of 10 nM 
were accomplished with Lipofectamine RNAiMAX (Inv-
itrogen, Carlsbad, CA, USA) following the manufacturer’s 
protocols. Esophageal cancer cells were seeded into six-well 
flat-bottom  plates of 3 ×  105 cells per well-containing 1 mL 
of the medium. The siRNA oligonucleotides and RNAiMAX 
reagent were separately diluted by 100 µL of the opti-MEM 
medium and mixed, the mixture was then incubated for 
15–20 min. The cells were incubated with the transfection 
medium overnight at 37 °C in a humidified atmosphere of 
5%  CO2. Cells were incubated for 24, 48, or 72 h before 
harvesting. Non-silencing control (NSC) was used at the 
same concentration of siRNAs.

2.3  RNA Purification and Reverse Transcription

Cellular mRNA was extracted by TRIzol® following the pro-
tocol provided by the manufacturer. Briefly, culture media 
were removed and 1 mL TRIzol® is added into the culture 
plate. The plate is shaken gently to make TRIzol® lyse all 
the cells and a pipetman was used to pipet the cell lysate up 
and down several times to homogenize the mixture. After 
incubating 5 min in room temperature, the whole content  
was moved to a new 1.7 mL centrifuge tube by a pipetman. 
Chloroform of 0.2 mL was added into the centrifuge tube 
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Fig. 1  NGS was applied on 
the CE81T cells after Egr-1 
knockdown for 48 or 72 h. The 
Venn diagram identified A 51 
mRNAs and B 26 microRNAs 
with the persistent effect after 
gene knockdown. Knockdown is 
abbreviated as KD.
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and securely capped the tube. The tube was inverted several 
times to homogenize the solution. After incubating 3 min, the 
samples were centrifugated for 15 min at 12,000 × g at 4℃. 
The upper layer of centrifugated samples were transferred 
into a new 1.7 mL centrifuge tube with 0.5 mL isopropanol. 
Solutions were centrifuged again for 10 min after 10 min 
incubation and the supernatants were discarded. Precipitated 
RNA was washed by 75% ethanol and centrifuged at 7500 
× g, 4 °C for 5 min. Finally, RNA in tube was dried at room 
temperature and solubilized by RNase-free water with proper 
volume. RNA solution was stored under − 80 °C avoiding 
freeze-thaw cycle. RNA content and purity was measured by 
Nanodrop microvolume spectrophotometer (Thermo-Fisher).

For reverse transcription, 2 µg of total RNA was con-
verted to cDNA using reverse transcription kit (Applied 
Biosystems, Foster City, CA, USA). The procedure was the 
same as manual instructed.

2.4  Next Generation Sequencing

The human esophageal cancer cell line CE48T were 
sequenced to an average sequencing coverage of at least 
300× on Illumina Hiseq 4000 platform (Illumina, San 
Diego, CA). The sequencing data were first demultiplexed 
by bck2fastq and then subjected to Trimmomatic for FASTQ 
file quality control (QC). Leading/trailing low quality (Phred 
score below 15) reads or N bases were removed. PCR dupli-
cates were removed by Picard. Qualified reads were mapped 
to the reference human genome hg19 with Burrows-Wheller 
Aligner (BWA-mem, v0.7.12). Genome Analysis Toolkit 
(GATK 3.4.0) was used for local realignment around indels 
and base quality score recalibration. ADTEx was used to 
identify copy number variations (CNVs) using a normal 
human HapMap DNA sample NA18535. The log2 ratio cut-
off value was set at ± 0.6, which excluded target genes with 
copy number change between 1.5 and 0.65 fold.

2.5  Bioinformatic Analysis

The pathway related to the target genes were performed by 
KEGG. Target miRNA were predicted by miRbase (https:// 
www. mirba se. org/) and Rfam (https:// rfam. xfam. org/).

3  Results

3.1  Screening of Genes and MicroRNAs 
in the Transcriptome of the Esophageal Cancer 
Cell Line After Egr‑1 Knockdown

To explore the mRNAs and microRNAs with overlapped 
expression profiles, we compared the NGS analysis between 

Fig. 2  The heat maps of the A 51 mRNAs and B 26 microRNAs 
identified on the CE81T cells after Egr-1 knockdown for 48 and 72 h

https://www.mirbase.org/
https://www.mirbase.org/
https://rfam.xfam.org/
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CE81T cells after Egr-1 knockdown 48 or 72 h. The 51 genes 
(Fig. 1A) and the 26 microRNAs (Fig. 1B) with overlapped 
expression patterns were determined in the NGS analysis. 
The cluster analysis of differentially expressed genes in the 
CE81T cells for the post Egr-1 knockdown was analyzed 
on microarray and bioinformatic analysis. Figure 2 are the 
heat maps of the 51 genes (Fig. 2A) and the 26 microRNAs 
(Fig. 2B) derived from the Egr-1 knockdown CE81T cells 
for 48 or 72 h. The relative fold changes of 51 genes and 26 
microRNAs on the CE81T cells for the post Egr-1 knock-
down 48 or 72 h was shown in Fig. 3.

3.2  Bioinformatic Analysis for the Functions 
of Genes and MicroRNAs in the CE81T Cells After 
Egr‑1 Knockdown

KEGG analysis of the 51 genes in CE81T cells after Egr-1 
knockdown showed that they mainly related to organismal 

systems, metabolism, human diseases, genetic information 
processing and environmental isolation processing (Fig. 4). 
The rich factor showed that the genes were mainly enriched 
in ribosome, proteoglycans in cancer, and glucagon sign-
aling pathway (Fig. 5); while the miRNAs were mainly 
enriched with viral myocarditis, phagosome, MAPK sign-
aling pathway, focal adhesion, and cell adhesion molecules 
(Fig. 5). We also screened out three microRNAs which inter-
acted with the seven mRNAs with persistent effect in 48 and 
72 h after knockdown of Egr-1 (Table 1).

4  Discussion

This is a pilot study to apply NGS to identify the interaction 
between mRNAs and microRNAs after EGR-1 knockdown 
in ESCC cells. We analyze the transcriptome which include 
mRNAs and small non-coding RNAs like miRNAs. Two 
expression pattern, Egr-1 knockdown for 48 or 72 h in ESCC 

Fig. 3  The expression levels of the A 51 mRNAs and B 26 microRNAs after Egr-1 knockdown for 48 or 72 h
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cells, were compared and analyzed by bioinformatic system. 
The co-expression networks and predicted candidate mol-
ecules could be used to find the precision medicine for the 
chemotherapeutic and therapeutic targets.

Four mRNAs with the same changing pattern after 
Egr-1 knockdown for 48 or 72 h stand out in Fig. 3A. 
The expression of NLGN4X is down-regulated, but it is 
increased in TENM4, NPR3, and IGFN1. NLGN4X is a 
human specific gene for neuroligin production. Neuroli-
gins, a family of cell adhesion molecules, are essential for 
synapse specification and maturation [17]. The product 
of TENM4 is a member of teneurin family. Teneurins can 
bind with latrophilin and FLRT, and direct synapse growth 
and formation [18, 19]. NPR3 mediates natriuretic pep-
tides degradation, was reported to act as a tumor suppres-
sor or promoter in some types of cancer [20, 21]. IGFN1 
is a multidomain protein with more than 15 transcript vari-
ants. Aberrant splicing may lead to intronic G-quadruplex 
be synthesized, and lead to cancer or neurodegenerative 
disorder [22]. In these four genes, NLGN4X and TENM4 
are adhesion molecules. Mis-regulated adhesion molecules 
may lead to structural deformation which may benefit 
cancer progression. Since there are few reports regarding 
the role of these four genes in esophageal cancer cell, the 

meaning of Egr-1 controlled gene expression still needs 
further studies.

Three miRNAs were sorted out with interesting interac-
tions and worth of further research (Table 1). miRNA-2110, 
an onco-suppressor with the ability to suppress breast cancer 
and neuroblastoma [23, 24], was down-regulated after Egr-1 
knockdown for 48 and 72 h. This may indicate that Egr-1 
control the fate of ESCC cells by regulating the expression 
of miRNA-2110. After short searching, majority of the 
genes controlled by miRNA-3615 and NovelmiRNA-74 are 
for structural meaning. Those genes and two miRNAs may 
help to stabilize an environment which is favored by the 
fate of ESCC cells. Since both miRNA-3615 and miRNA-74 
have different expression patterns in Egr-1 knockdown for 48 
or 72 h, the real functions and effects of those two miRNAs 
will need more strategies to figure out.

We conducted this pilot study in CE81T cell only, which 
might be a problem in generalizing the results in all the 
ESCC cases. CE81T cell derived from the well differentiated 
squamous cell carcinoma of esophagus from a 57-year-old 
male in Taiwan. It is widely used in the research of signal 
transduction, apoptosis, and even pharmaceutic field, espe-
cially in Taiwan. Our results should be confirmed in other 
ESCC cell lines derived from human like TE-1, TE-2, and 

Fig. 4  KEGG assay of the 51 identified genes after knockdown of Egr-1 with persistent effect
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Fig. 5  KEGG pathway enrich-
ment bubble plot of the A 51 
mRNAs and the B 26 microR-
NAs identified in CE81T cells 
after Egr-1 knockdown with 
persistent effect. The dot size 
displayed the number of genes, 
whereas the dot color indicated 
the Q-Value of the rich factors
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CRL-3239. The confirmed results can then serve as the foun-
dation for the studies of ESCC treatment.

5  Conclusion

There are tons of information collected after NGS sequenc-
ing. We need further evaluations and experiments to con-
firm the interactions between microRNAs and mRNAs. 
Various ESCC cell lines will be also included to deter-
mine the gene regulation by Egr-1 is consistent among 
different ESCC cell lines. Nevertheless, the application 
of NGS to identify related microRNAs as well as mRNAs 
after EGR-1 knockdown would be an initial point for novel 
prognostic factors of ESCC.
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