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Abstract. Esophageal squamous cell carcinoma (ESCC), 
the main subtype of esophageal cancer (EC), is a common 
lethal type of cancer with a high mortality rate. The aim of 
the present study was to select key relevant genes and iden-
tify potential mechanisms involved in the development of 
ESCC based on bioinformatics analysis. Minichromosome 
maintenance 6 complex component (MCM6) has been identi-
fied to be upregulated in multiple malignancies; however, its 
contributions to ESCC remain unclear. For the purposes of the 
present study, four datasets were downloaded from the Gene 
Expression Omnibus (GSE63941, GSE26886, GSE17351 and 
GSE77861), and the intersection of the differentially expressed 
genes was obtained using a Venn diagram. The protein‑protein 

interaction was then constructed, and the modules were 
verified by Cytoscape, in which the key genes have a high 
connectivity degree with other genes. Gene Ontology and 
Kyoto Encyclopedia of Genes and Genomes pathway were 
subsequently filtered out to analyze the development of ESCC. 
MCM6, an upregulated gene, was selected and connected 
with most of the other genes, for further research validation. 
The expression levels of MCM6 were then assessed using the 
Oncomine, GEPIA and UALCAN databases and validated in 
both ESCC tissues samples and cell lines by immunohisto-
chemistry and RT‑qPCR. Cell counting kit‑8 (CCK‑8), flow 
cytometry, wound healing and Transwell assays were used to 
determine the proliferation, apoptosis, cell cycle, migration and 
invasion of ESCC cells. A total of 24 genes were identified by 
a series of bioinformatics analyses and the results revealed that 
the genes were associated with DNA replication and cell cycle. 
Experimental validation revealed that MCM6 expression was 
significantly elevated in both ESCC tissues and cell lines. The 
results were consistent with those of bioinformatics analysis. 
Furthermore, the knockdown of MCM6 inhibited cell prolif-
eration, migration and invasion and promoted cell apoptosis, 
and made cells arrested in S stage. In summary, the findings of 
bioinformatics analysis provided a novel hypothesis for ESCC 
progression. In particular, the aberrantly elevated expression 
of MCM6 is a potential biomarker for ESCC diagnosis and 
treatment.

Introduction

Esophageal cancer (EC), including esophageal squamous cell 
carcinoma (ESCC) and esophageal adenocarcinoma (EAC) (1), 
is one of the most lethal and common types of cancers asso-
ciated with a high morbidity and mortality, posing a public 
health issue (2‑4). The factors involved in ESCC are complex, 
and include age, sex, stages and body mass index (5‑7). In the 
majority of cases, patients are diagnosed at advanced stages 
of disease, and thus have passed the point at which treatment 
may be effective. Even with the assistance of surgery and 
several other adjuvant therapies, such as chemoradiotherapy, 
radiotherapy and molecular‑targeted therapy, patients with EC 
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have a 5‑year survival of 20‑25% (8,9). Although a number 
of genes are related to the development of ESCC, early 
diagnosis, treatment and prognosis assessment of ESCC are 
difficult (10). Therefore, it is of utmost importance to identify 
novel molecular markers for the early diagnosis and prognosis 
of ESCC.

Previously, high‑throughput microarray analysis, which 
has yielded numerous clinical data, was considered an effi-
cient tool for determining underlying molecular mechanisms 
and genetic alterations in cancer progression (11,12). A large 
portion of these data are freely accessible to researchers and 
the public; bioinformatics has a number of powerful algo-
rithms, software and databases  (13,14). RNA microarrays 
have been widely applied in cancer diagnosis, metastasis 
and cancer through gene expression profiling, available in 
the Gene Expression Omnibus (GEO) database (15). GEO is 
an open genomics data database which provides clues to the 
molecular mechanisms underlying the initiation and evolu-
tion of ESCC. In the present study, four microarray datasets 
(GSE63941, GSE26886, GSE17351 and GSE77861) were 
downloaded from GEO and the shared differentially expressed 
genes (DEGs) involved in ESCC were investigated using the 
GEO2R online analysis tool (16). Protein‑protein interaction 
(PPI), Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analysis were used to preliminary 
comprehend the molecular mechanisms behind the core genes. 
Oncomine, Gene Expression Profiling Interactive Analysis 
(GEPIA) and UALCAN were used to validate the expression 
levels and prognostic value of MCM6 in ESCC. The results 
may provide new insight into potential biomarkers for ESCC. 
Finally, the role of MCM6 in ESCC cell lines was examined.

Maintenance complex components (MCMs) have been 
identified to play an important role in eukaryotic genome 
replication (17). During the late M to early G1 phase of the 
cell cycle, the MCM2‑7 complex binds to the origin of DNA 
replication (18). In eukaryotic cells, the complex plays the role 
of replicative helicase, which is essential for the initiation and 
elongation of DNA replication (19,20). MCM6 is a member of 
the MCM protein complex; a number of studies have verified 
the abnormal expression of MCM6 and its tumorigenic role 
in various types of cancer, such as meningiomas, non‑small 
cell lung carcinoma, chondrosarcoma, endometrioid endome-
trial adenocarcinoma, colorectal cancer (21‑25). An elevated 
MCM6 level has also been reported in serum in hepatocel-
lular carcinoma  (26,27). Furthermore, an elevated MCM6 
expression has been shown to be associated with a high risk 
of recurrence in meningioma, which suggests that MCM6 is 
a promising prognostic marker (21). However, little is known 
regarding its role in ESCC.

The aim of the present study was to use bioinformatics 
methods obtained from the GEO database to identify hub 
genes involved in the progression of ESCC. Subsequently, 
its expression and molecular functions were validated by 
performing a series of experiments.

Materials and methods

Extraction of microarray gene expression profiles from the 
GEO database. In total, 4 microarray datasets (GSE63941, 
GSE26886, GSE17351 and GSE77861), which were related 

to ESCC based on the platform of GPL570 Affymetrix 
Human Genome U133 Plus 2.0 Array, were extracted from 
the GEO database (http://www.ncbi.nlm.nih.gov/gds). The 
screening criteria for the datasets were as follows: i) Available 
comparison datasets between ESCC tumor tissues or cell lines 
and the normal control; ii) pre‑operative treatment without 
esophageal resection and cell lines without drug stimulation; 
iii) the number of samples in datasets >5; iv) datasets included 
RNA‑Seq data. The 4 datasets comprised 78 samples, which 
included 22 ESCC cell lines, 31 ESCC tissues and 25 normal 
controls. The present study used data based on the GEO 
database and thus did not require ethics approval.

Data processing and identification of DEGs. GEO2R, 
which is an R programming language‑based online analysis 
tool, was used in the 4 profiles, respectively, to identify the 
DEGs (https://www.ncbi.nlm.nih.gov/geo/geo2r/)  (15). The 
criteria of selection were adjusted P‑values <0.05, P<0.05 
and |log2FC(fold change) |≥1. Online Venn diagram software 
(http://bioinformatics.psb.ugent.be/webtools/Venn/) was used 
to obtain the intersection of the DEGs of the 4 datasets, which 
was used for the subsequent analysis (28). In addition, genes 
with multiple probes were averaged or removed.

PPI network and module analysis of DEGs. The search 
tool for the retrieval of interacting genes (STRING) 
(http://string‑db.org/), an online tool for searching the 
association between various proteins, was used to extract 
interacting genes (29,30). DEGs with co‑expression coeffi-
cients >0.4 were extracted from STRING. The associations 
among these genes were visualized using Cytoscape soft-
ware  (31). The plugin Molecular Complex Detection 
(MCODE) was designed to extract key modules (k‑core=2), 
in which the core genes have the highest connectivity degree 
with other genes.

GO and KEGG pathway enrichment analysis of the core 
genes. The Database for Annotation, Visualization, and 
Integrated Discovery (DAVID) (https://david.ncifcrf.gov/), an 
online platform for annotation, visualization and integrated 
discovery, was used to investigate the functions and mecha-
nism of the DEGs (32). The analyses in DAVID included GO, 
which was used to annotate the functions, such as molecular 
function (MF), cellular component (CC) and biological process 
(BP) (33), and the KEGG pathway, which is a sophisticated 
database for genomic information and high‑order functional 
information (34). The threshold values were P<0.05, and the 
most enrichment GO annotation and KEGG pathway were 
listed.

Oncomine analysis of gene expression. Oncomine 
(https://www.oncomine.org/resource/main.html), a platform 
for collecting, analyzing and delivering cancer data, including 
264 independent datasets, was used to analyze the DNA or 
RNA sequences for biomedical research (35). Oncomine was 
used to analyze the expression level of MCM6 in various 
tumors and different subtypes of EC. For MCM6 expression in 
subtypes of EC, the terms queried were set as follows: 1, Gene: 
MCM6; 2, analysis type: Esophageal Cancer vs. Normal 
Analysis; 3, Data Type: mRNA.
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GEPIA analysis of gene expression. GEPIA (http://gepia.
cancer‑pku.cn/index.html), a newly developed online soft-
ware, is based on the RNA sequences from Genotype Tissue 
Expression (GTEx) data and The Cancer Genome Atlas 
(TCGA) programs, including 9,736 cancer and 8,587 normal 
samples, and used to explore the expression differences (36). 
In the present study, GEPIA was used to explore the mRNA 
expression level with regards to MCM6 between the ESCC 
and normal esophagus samples, and was also used to examine 
MCM6 expression in different types of cancer. We entered the 
gene (e.g., MCM6) in the ‘Enter gene name’ field and clicked 
the ‘GoPIA’ button, which generated the expression profile of 
MCM6 in all tumors and the corresponding normal tissues. 
The given gene (MCM6) expression in ESCA was presented 
in Expression DIY (in the Boxplot tab) with log2FC>1 and 
P‑value<0.01 were the cut‑off criteria.

UALCAN analysis of gene expression. UALCAN (http://ualcan.
path.uab.edu/analysis.html), an interactive resource, can be 
used to analyze gene transcriptional levels compared to normal 
samples with relative clinicopathological parameters from 
the TCGA database, including 31 cancer types with clinical 
data (37). In the present study, UALCAN was used to examine 
MCM6 expression in ESCC tissues and its association with 
clinicopathological parameters. We entered the gene (MCM6) 
in ‘Scan by genes’ and selected the TCGA datasets which was 
the cancer type of interest (e.g., esophageal cancer) and clicked 
the ‘Explore’ button. The expression and survival information 
of entered gene were listed in new links. The expression anal-
ysis results provided the relative expression level of interested 
gene in normal tissues and its subgroups. The survival analysis 
showed multiple KM‑plots which revealed the association of 
gene expression level and the clinical parameters, such as 
tumor grade, patient's race and sex.

Patient tissues and cell lines. A total of 68 ESCC tissues and 
30 paraffin‑embedded normal tissues were collected from 
the Pathology Laboratory of the First Affiliated Hospital of 
Zhengzhou University from September, 2018 to February, 
2019. The detailed clinicopathological parameters are listed 
in Table  I. The 30 normal tissues were obtained from the 
corresponding adjacent normal tissues of 68 ESCC tissues 
diagnosed by routine post‑surgery histological examination. 
Because of missing of part adjacent normal control samples 
and part clinicopathological parameters, the number of ESCC 
tissues and normal tissues were not paired completely. Thus, 
each sample was treated as a separate individual. None of the 
patients had received any radiotherapy and other treatments 
prior to surgical resection, and all the patients had signed 
written informed consent forms. All tissues were diagnosed as 
ESCC by a post‑surgery histological examination.

The present study was approved by the Ethics Committee 
of the First Affiliated Hospital of Zhengzhou University. 
Human ESCC cell lines (EC109 and KYSE30) and a normal 
esophageal epithelial cell line (Het‑1A) were purchased from 
the Shanghai Institute of Life Sciences Cell Bank Center 
(Shanghai).

Immunohistochemistry. A total of 68  paraffin‑embedded 
cancer tissue sections and 30 corresponding normal tissues, 

which were cut into 4‑µm sections and fixed using 4% para-
formaldehyde for 48 h at room temperature, were selected for 
immunohistochemical staining. The sections were deparaf-
finized in xylene and graded alcohols (100, 95, 90, 75 and 70%), 
followed by antigen retrieval in citrate buffer. After endogenous 
peroxidase activity was exhausted with 3% hydrogen peroxide, 
the sections were blocked in 10% goat serum (Sangon Biotech 
Co., Ltd.) to prevent non‑specific staining for 30 min at room 
temperature and then washed with phosphate‑buffered saline 
(PBS). Subsequently, anti‑MCM6 primary polyclonal anti-
bodies (1:4,000, cat. no. 201683, Abcam) were added overnight 
at 4˚C, and the sections were then incubated with HRP‑labeled 
goat anti‑rabbit secondary antibody (1:100, cat. no. A0208, 
Beyotime Institute of Biotechnology) at room temperature for 
1 h the following day. The slides were then visualized with 
3,3'‑diaminobenzidine (DAB) and counterstained with hema-
toxylin for 3 min at room temperature. Following dehydrating 
in alcohols (70, 75, 90, 95 and 100%) for min each, xylene 
for 15 min, all at room temperature, the slides were covered 
with neutral gum. The number of positive cells that exhibited 
brown color were assessed by two independent pathologists 
from the Pathology Laboratory of the First Affiliated Hospital 
of Zhengzhou University (Zhengzhou, China) with no prior 
knowledge of the patient clinical details, under a light micro-
scope (magnification, x100) and both the staining intensity and 
extent were considered using Image J software (version 1.8.0; 
National Institutes of Health). The final staining quantification 
was performed by multiplying the intensity scored from 0 to 
3 and the extent score from 0 to 100%. The protein expression 
was classified as positive if the final score was >1.5, and nega-
tive if the score was <1.5 or 1.5. The antibody used was MCM6 
(1:4,000, cat. no. 201683, Abcam). Additionally, the clinical 
significance was analyzed based on the clinical parameters.

Cell culture. ESCC cell lines and normal esophageal 
epithelial cells were cultured in Roswell Park Memorial 
Institute‑1640 (RPMI‑1640, HyClone; GE Healthcare 
Life Sciences) supplemented with 10% fetal bovine serum 
(FBS, Gibco; Thermo Fisher Scientific, Inc.). For routine 
culture, the cells were grown in 5% CO2 at 37˚C. After 
cell recovery and adherence, cells were passaged every 
2 days, and maintained in the logarithmic phase growth. 
The cells at exponential phase growth were digested with 
trypsin (Sangon Biotech), and diluted into a suspension of 
4x105  cells/l in a 6‑well plate (EC109) or 2.5x105  cells/l 
(KYSE30) with RPMI‑1640 medium with serum (Sangon 
Biotech Co., Ltd.). After cell adherence for 12 h, the cells 
were used for subsequent experiments.

Cell transfection. Small interfering RNAs (siRNAs) targeting 
MCM6 and siRNA negative control were purchased from 
RiboBio Co. Ltd. siRNAs were transfected into cells using 
riboFECT transfection reagent (Changzhou Bio‑Generating 
Biotechnologies Co., Ltd.) according to the manufacturer's 
protocol. The sequences of the siRNAs used in the present 
study were as follows: si‑MCM6#1, GGC​GCA​TAG​TAG​ATT​
TGC​A; and si‑MCM6#2, GAA​GGA​AGC​TTT​CCG​GTTA. 
After transfection for 24‑72 h, the transfection efficiency 
was confirmed by RT‑qPCR and western blot analysis, and 
transfected cells were collected for further analysis.
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RNA extraction and RT‑qPCR. Total RNA was extracted 
from the Het‑1A, EC109 and KYSE30 cell lines and trans-
fected cell lines using an RNA isolater (Vazyme, Biotech 
Co., Ltd.). cDNA was synthesized through a 20 µl reverse 
transcription system containing 1  µg total RNA with a 
PrimeScript™ RT reagent kit with gDNA Eraser (Takara 
Biotechnology Co., Ltd.) according to the manufacturer's 
protocols. SYBR® Premix Ex Taq™ II (Takara Biotechnology 
Co., Ltd.) was employed for qPCR on a LightCycler 480 II 
Real‑Time PCR System (Roche Diagnostics) with GAPDH 
as an internal control. The PCR cycling conditions were as 
follows: Pre‑denaturation at 95˚C for 30 sec for 1 cycle, then 
at 95˚C for 5 sec, 60˚C for 30 sec for 40 cycles, followed 
by the melting curve and cooling stage (at 65˚C for 15 sec). 
mRNA levels were determined via the 2‑ΔΔCq method, with 
GAPDH used for normalization (38). Each extracted sample 
was placed in 3 wells, and independent experiments were 
repeated 3 times. The primers used in the present study were: 
MCM6 forward, 5'‑AAG​ACC​TGC​CTA​CCA​GAC​ACA​A‑3' 
and reverse, 5'‑TGA​CAG​TCC​AAG​CAC​AGA​AAA​GT‑3'; 
GAPDH forward, 5'‑GAA​CGG​GAA​GCT​CAC​TGG‑3' and 
reverse, 5'‑GCC​TGC​TTC​ACC​ACC​TTC​T‑3'.

Protein isolation and western blot analysis. Total proteins 
were collected from the cells using radioimmunoprecipitation 
assay lysis buffer (RIPA, Beyotime Institute of Biotechnology), 
which were supplemented with protease inhibitors on ice for 
30 min and then centrifuged at 12,000 x g for 10 min at 4˚C 
to harvest the supernatant. The protein concentration of the 
cell lysates was measured using a bicinchoninic acid kit (BCA, 
Beyotime Institute of Biotechnology). The proteins (15 µg/lane) 

Table I. Association between the clinicopathological parameters and MCM6 expression.

	 MCM6 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological parameter	 No.	 Positive (n=53)	 Negative (n=15)	 P‑value

Age				    0.416
  <60 years	 30	 22	 8	
  ≥60 years	 38	 31	 7	
Sex				    0.111
  Male	 33	 23	 10	
  Female	 35	 30	 5	
TNM stage				    0.179
  I/II	 50	 41	 9	
  III/IV	 18	 12	 6	
Lymphatic metastasis 				    0.049a

  No	 46	 39	 7	
  Yes	 22	 14	 8	
Infiltration depth				    0.003a

Submucosal/superficial layer	 48	 42	 6	
Deep muscle/outer layer	 20	 11	 9	

aStatistical significance (P<0.05). MCM6, minichromosome maintenance 6 complex component.

Table II. Detailed information of the datasets.

Dataset	 Samples	 Case/control	 Year	 Region	 Platform	 Organism	 Contributor

GSE63941	 Cell lines	 22/4	 2014	 Japan	 GPL570	 Homo sapiens	 Saito (46)
GSE26886	 Tissues	 19/9	 2013	 Germany	 GPL570	 Homo sapiens	 Wang (47)
GSE17351	 Tissues	 5/5	 2009	 USA	 GPL570	 Homo sapiens	 Lee (48)
GSE77861	 Tissues	 7/7	 2016	 USA	 GPL570	 Homo sapiens	 Erkizan (49)

Table III. Number of DEGs in each expression dataset.

	 Upregulated	 Downregulated
Dataset	 genes	 genes	 Total

GSE63941	 7,035	 3,286	 10,321
GSE26886	 4,012	 4,209	 8,221
GSE17351	 478	 259	 737
GSE77861	 814	 740	 1,554

DEGs, differentially expressed genes.
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were then separated by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS‑PAGE) on 10% gels and transfected 
to a polyvinylidene fluoride (PVDF) membrane. The PVDF 
membrane was blocked for 2 h in 5% non‑fat milk, and then 
incubated overnight at 4˚C with primary antibodies and 
HRP‑labeled goat anti‑rabbit secondary antibodies (1:5,000, 
cat. no. A0208, Beyotime Institute of Biotechnology) for 1 h 
at room temperature. The protein bands were visualized by 
chemiluminescence with an imaging system (EMD Millipore) 
and then analyzed with ImageJ (version 1.8.0; National 

Institutes of Health) software. The antibodies were specific 
for MCM6 (1:2,000, cat. no. 13347‑2‑AP, ProteinTech Group, 
Inc.) and GAPDH (1:5,000, cat. no. D110016, Sangon Biotech 
Co., Ltd.).

Cell Counting Kit‑8 (CCK‑8) cell proliferation assay. An 
enhanced Cell Counting Kit‑8 (CCK‑8, BIOSS) was used to 
measure the cell proliferative ability. Transfected cells at a 
density of 3,000 cells/well were inoculated into 96‑well plates 
(Corning, Inc.) which contained 100 µl RPMI‑1640 with 10% 

Figure 1. DEGs screened from 4 expression datasets. (A) GSE63941, (B) GSE26886, (C) GSE17351, (D) GSE77861. Upregulated (red‑colored spots) and 
downregulated (green‑colored spots) genes in ESCC compared to normal esophageal tissues or cell lines were screened from Gene Expression Omnibus 
profiles, (E) 48 commonly upregulated DEGs, (F) 20 commonly downregulated DEGs. Different colors represent different datasets and cross areas repre-
sent common DEGs. The cut‑off criteria were as follows: Adjusted P‑values <0.05, P<0.05 and |log2‑fold change|≥1. DEGs, differentially expressed genes; 
ESCC, esophageal squamous cell carcinoma.
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FBS for 4 days. CCK‑8 reagent was added (10 µl/well) to the 
wells followed by incubation for 2 h at 37˚C, and the absor-
bance at 450 nm was then detected using a microplate reader 
(SpectraMax M5, Molecular Devices, LLC).

Flow cytometry. Cells transfected with siMCM6 for 48 h were 
digested with trypsin without ethylene diamine tetra‑acetic 
acid (EDTA) and the cell suspension was collected and washed 
with PBS twice. For cell apoptosis analysis, the cell suspen-
sion was subjected to Annexin V‑APC/7‑AAD double staining 
(KeyGen Biotech) and incubated for 15 min. Apoptotic cells 
were evaluated within 1 h by flow cytometry (FACScan; BD 
Biosciences) according to the manufacturer's instructions. For 

assessment of the results, mechanically damaged cells were in 
the upper left quadrant and negative normal cells were in the 
lower left quadrant; the early apoptotic cells were in the lower 
right quadrant and late apoptotic cells were in the uppper right 
quadrant. For cell cycle detection, the cells were fixed with 
95% pre‑cold ethanol for 2 h, and then washed with PBS twice. 
The cells were supplemented with 2 µl RNase A (2.5 mg/ml) 
and 15  µl propidium iodide (PI, 15X) (KeyGen Biotech), 
followed by detection with flow cytometry at 488 nm.

Wound‑healing assay. Transfected cells were grown into 
6‑well plates until 90‑100% confluency at 37˚C 5% CO2. 
Artificial wound tracks were created using a 200 µl pipette 

Figure 2. PPI network and the most significant module of DEGs. (A) PPI network of DEGs of the common 68 genes of the 4 datasets shared using STRING. 
(B) The module with the highest score obtained from Cytoscape; nodes represent key genes and edges represent interactions between genes. (C) Top 24 
genes with high connectivity with surrounding genes. P<0.01 was considered to indicate a statistically significant difference. PPI, protein‑protein interaction; 
DEGs, differentially expressed genes.
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tube. The cells were then washed by PBS and supplemented 
with serum‑free medium. Cells migrating into the wound area 
were assessed to compare cell motility every 24 h.

Transwell assay. The Transwell wells (24‑well with pore diam-
eter of 0.8 µm) were covered with Matrigel (BD Biosciences) 
at 37˚C for 2 h for cell invasion assay, and without Matrigel 
for cell migration assays. Transfected cells were collected and 
resuspended with 200 µl medium without serum, and seeded 
into the upper chamber of a Transwell plate at a density of 
1x105/well. The basolateral chamber was supplemented with 
650 µl medium with 20% FBS. Following incubation for 36 h 
at 37˚C and 5% CO2, the cells were fixed with 4% parafor-
maldehyde for 10 min at room temperature and then stained 
with crystal violet for 30  min at room temperature. The 
cells remaining in the upper chamber were removed and the 
transmembrane cells were quantified using a light microscope 
(magnification, x100).

Statistical analysis. SPSS 21.0 software and GraphPad 
Prism 5 were used for statistical analysis. The experiments 
were repeated ≥3 times, and the results are presented as the 
means  ±  standard deviation (SD). The MCM6 expression 
between tumor tissues and normal control esophageal tissues 
were statistically analyzed using an independent sample 

Student's t‑test. The associations between MCM6 expression 
and the patient clinicopathological parameters were assessed 
by Pearson's χ2 test. The differences between two independent 
groups were analyzed using a Student's t‑test, those between 
>2 groups were analyzed by one‑way analysis variance and 
followed by LSD (Least Significant Difference) post hoc test. 
Survival analysis was examined by a log‑rank test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Extraction of DEGs in ESCC from 4 GEO datasets. Four 
datasets (GSE63941, GSE26886, GSE17351 and GSE77861) 
were selected from the GEO database. The characteristics 
of the 4 datasets are presented in Table  II. The up‑ and 
downregulated genes in each dataset were then determined. 
According to the threshold of adjusted P‑values of <0.05, 
P<0.05 and |log2‑fold change|≥1, 7,035 upregulated and 
3,286 downregulated genes were identified from GSE63941 
(Fig. 1A), 4,012 upregulated and 4,209 downregulated genes 
were identified from GSE26886 (Fig. 1B), 478 upregulated 
and 259 downregulated genes were identified from GSE17351 
(Fig. 1C), and 814 upregulated and 740 downregulated genes 
were identified from GSE77861 (Fig. 1D), as summarized in 
Table III. The overlapping DEGs were identified by creating a 

Table IV. Annotation of DEGs.

From	 To	 Species	 Gene name	 Degree	 Regulation

RFC4	 5984	 Homo sapiens	 Replication factor C subunit 4	 27	 Up
TOP2A	 7153	 Homo sapiens	 Topoisomerase (DNA) II alpha	 27	 Up
CDC6	 990	 Homo sapiens	 Cell division cycle 6	 26	 Up
UBE2C	 11065	 Homo sapiens	 Ubiquitin conjugating enzyme E2 C	 26	 Up
TPX2	 22974	 Homo sapiens	 TPX2, microtubule nucleation factor	 25	 Up
MCM6	 4175	 Homo sapiens	 Minichromosome maintenance complex component 6	 25	 Up
TRIP13	 9319	 Homo sapiens	 Thyroid hormone receptor interactor 13	 25	 Up
CENPN	 55839	 Homo sapiens	 Centromere protein N	 24	 Up
RAD51AP1	 10635	 Homo sapiens	 RAD51‑associated protein 1 (RAD51AP1)	 24	 Up
DTL	 51514	 Homo sapiens	 Denticleless E3 ubiquitin protein ligase homolog	 24	 Up
FOXM1	 2305	 Homo sapiens	 Forkhead box M1	 24	 Up
NUF2	 83540	 Homo sapiens	 NUF2, NDC80 kinetochore complex component	 24	 Up
TTK	 7272	 Homo sapiens	 TTK protein kinase	 24	 Up
CENPF	 1063	 Homo sapiens	 Centromere protein F	 23	 Up
ECT2	 1894	 Homo sapiens	 Epithelial cell transforming 2	 23	 Up
KNTC1	 9735	 Homo sapiens	 Kinetochore‑associated 1	 22	 Up
SPAG5	 10615	 Homo sapiens	 Sperm‑associated antigen 5	 22	 Up
HELLS	 3070	 Homo sapiens	 Helicase, lymphoid‑specific	 22	 Up
KIF14	 9928	 Homo sapiens	 Kinesin family member 14	 21	 Up
KIF4A	 24137	 Homo sapiens	 Kinesin family member 4A	 21	 Up
CDCA2	 157313	 Homo sapiens	 Cell division cycle‑associated 2	 21	 Up
CKS1B	 1163	 Homo sapiens	 CDC28 protein kinase regulatory subunit 1B	 20	 Up
ATAD2	 29028	 Homo sapiens	 ATPase family, AAA domain containing 2	 20	 Up
MCM5	 4174	 Homo sapiens	 Minichromosome maintenance complex component 5	 20	 Up

DEGs, differentially expressed genes.
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Venn diagram. A total of 68 genes, including 48 upregulated 
genes (Fig. 1E) and 20 downregulated genes (Fig. 1F) were 
shared in the 4 microarrays.

Subsequently, the protein‑protein associations between 
the 68 genes were analyzed using STRING (Fig. 2A) and 
then visualized using Cytoscape software. The plugin 
MCODE was used to screen significant modules from the 
PPI network. The module of the highest score (22.783) was 
used for the subsequent analysis (Fig. 2B). A total of 24 nodes 
and 262 edges were visualized in the module. The hub genes 
were annotated and are listed in Fig. 2C and Table IV. All 24 
genes were upregulated and were used for further enrichment 
analysis.

GO and KEGG pathway enrichment analysis. As for the 
24 genes, GO annotation and KEGG pathway analysis were 
performed in DAVID. As shown in Table V and Fig. 3, GO 
analysis revealed that the DEGs were mainly enriched in BPs, 
including GO:0051301‑cell division, GO:0007067‑mitotic 
nuclear division, GO:0007059‑chromosome segregation, 
GO:0006260‑DNA replication and GO:0007062‑sister chro-
matid cohesion. As for cellular component, the genes were 
mainly enriched in nucleoplasm and nucleus, and for molecular 
function, they were enriched in protein, ATP and chromatin 
binding. KEGG signal analysis demonstrated that the hub 
genes were significantly enriched in hsa04110: Cell cycle and 
hsa03030: DNA replication. More importantly, MCM6 was 

Table V. Enriched functions analysis of the 24 core genes.

Category	 Term	 Count	 P‑value	 Genes

GOTERM_BP_DIRECT	 GO:0051301~cell division	 12	 2.98E‑13	 KIF14, CKS1B, CDC6, SPAG5, KNTC1, 
				    NUF2, TPX2, CDCA2, CENPF, UBE2C, 
				    MCM5, HELLS
GOTERM_BP_DIRECT	 GO:0007067~mitotic nuclear	 8	 2.82E‑08	 CENPN, CDC6, KNTC1, NUF2, TPX2, 
	 division			   CDCA2, CENPF, HELLS
GOTERM_BP_DIRECT	 GO:0007059~chromosome	 6	 2.98E‑08	 CENPN, SPAG5, NUF2, CDCA2, CENPF, 
	 segregation			   TOP2A
GOTERM_BP_DIRECT	 GO:0006260~DNA replication	 5	 5.39E‑05	 CDC6, RFC4, DTL, MCM5, MCM6
				    TOP2A
GOTERM_BP_DIRECT	 GO:0007062~sister chromatid	 4	 3.63E‑04	 CENPN, KNTC1, NUF2, CENPF
	 cohesion
GOTERM_CC_DIRECT	 GO:0005654~nucleoplasm	 17	 7.07E‑09	 CDC6, CENPN, CKS1B, KIF4A, 
				    RAD51AP1, DTL, FOXM1, TPX2, ATAD2, 
				    CENPF, UBE2C, MCM5, MCM6, RFC4, 
				    SPAG5, CDCA2, TOP2A
GOTERM_CC_DIRECT	 GO:0005634~nucleus	 17	 9.12E‑05	 KIF14, CDC6, RAD51AP1, DTL, FOXM1, 
				    NUF2, KNTC1, TPX2, ATAD2, CENPF, 
				    ECT2, MCM5, MCM6, SPAG5, TOP2A, 
				    HELLS, TRIP13
GOTERM_CC_DIRECT	 GO:0005737~cytoplasm	 12	 0.039863	 CDC6, KIF4A, DTL, SPAG5, FOXM1, 
				    KNTC1, CDCA2, CENPF, TTK, UBE2C,
				    ECT2, TOP2A
GOTERM_CC_DIRECT	 GO:0005829~cytosol	 10	 0.015112	 KIF14, CENPN, CDC6, KIF4A, KNTC1, 
				    NUF2, TPX2, CENPF, UBE2C, ECT2
GOTERM_MF_DIRECT	 GO:0005515~protein binding	 21	 2.23E‑05	 KIF14, CDC6, CKS1B, KIF4A, RAD51AP1, 
				    DTL, FOXM1, TPX2, NUF2, KNTC1, TTK, 
				    CENPF, UBE2C, ECT2, MCM5, MCM6,
				    RFC4, SPAG5, TOP2A, HELLS, TRIP13
GOTERM_MF_DIRECT	 GO:0005524~ATP binding	 13	 3.07E‑08	 KIF14, CDC6, KIF4A, RFC4, TPX2, 
				    ATAD2, TTK, UBE2C, TOP2A, MCM5,
				    HELLS, TRIP13, MCM6
GOTERM_MF_DIRECT	 GO:0003682~chromatin	 5	 0.001241	 CENPF, ATAD2, TOP2A, MCM5, HELLS
	 binding			 
KEGG_PATHWAY	 hsa04110:Cell cycle	 4	 1.10E‑04	 CDC6, TTK, MCM5, MCM6
KEGG_PATHWAY	 hsa03030:DNA replication	 3	 3.94E‑04	 RFC4, MCM5, MCM6

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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significantly associated with DNA replication and cell cycle, 
and was selected for further experimental validation.

Aberrant MCM6 upregulation in human cancers in GEPIA 
and Oncomine. MCM6 expression was analyzed in various 
human cancers using the Oncomine database, and the results 
revealed that MCM6 was upregulated in the majority of 
solid tumors, including breast, liver, bladder and lung cancer 
(Fig. 4A). Another analysis in GEPIA also revealed similar 
results, with the exception of kidney chromophobe and acute 
myeloid leukemia (Fig. 4B). Both analyses in GEPIA (Fig. 4C) 
and Oncomine (Fig. 4D and E) revealed upregulated MCM6 
expression in ESCC compared with that in normal esophagus 
tissues.

Additionally, the expression of MCM6 in subtypes of EC, 
including ESCC, EAC and Barrett's esophagus, were explored. 
Although the results differed according to the subtype, the 
higher expression of MCM6 in ESCC was consistent with our 
bioinformatics analysis (Table SI).

Validation of MCM6 expression in UALCAN. To avoid the 
limitation of the low number of samples and the short follow‑up 
time, the transcription level of MCM6 was also explored using 
the UALCAN website, which was based on 31 cancer types 
of the TCGA database, including 95 squamous cell carcinoma, 
89 adenocarcinoma and 11 normal tissues for multivariate 
regression analysis. The MCM6 mRNA level was significantly 
elevated in EC tissues compared to normal tissues in the 
UALCAN website (Fig. 4F). Moreover, no significant associa-
tion was found between MCM6 expression and the sex of the 
patients (Fig. 4I). Of note, patients with grade 2 and 3 disease 
exhibited a higher MCM6 expression than patients with 
grade 1 disease, although the differences between grade 1 and 
grade 2 or 3 were not significant (P>0.05); however, significant 

differences were observed between grades 2 and 3 (P<0.05) 
(Fig. 4G). Moreover, the results revealed that MCM6 expres-
sion in all fields, Caucasian, Asian and African‑American, was 
higher in tumor compared to normal tissues, and the MCM6 
level in Asians was higher than that of Caucasians (P<0.05) 
(Fig. 4H).

MCM6 expression is upregulated in ESCC tissues and cell 
lines as shown by IHC and RT‑qPCR. To further validate the 
expression level of MCM6, the MCM6 protein level was exam-
ined in ESCC tissues by IHC (Fig. 5A). Similar to the results 
of bioinformatics analysis, the MCM6 protein level in ESCC 
tissues was significantly higher than that of matched normal 
tissues (Fig. 5B). IHC revealed that MCM6 was mainly local-
ized in the nucleus. A higher positive ratio was also detected in 
ESCC tissues (76.5%) compared to adjacent non‑tumor tissues 
(26.7%) (P<0.001; Fig. 5C).

Additionally, the association between the MCM6 expres-
sion status and ESCC clinicopathological features was 
explored, and statistical analysis revealed that the positive 
staining ratio of MCM6 was significantly associated with 
lymphatic metastasis and infiltration depth (Table I). However, 
the association between MCM6 expression and age, sex and 
TNM stage exhibited no significance (P>0.05).

In order to further verify MCM6 expression in ESCC 
cell lines, EC109 and KYSE30 were introduced. A high 
increase in the MCM6 mRNA level was observed in ESCC 
cells compared to normal esophageal epithelial cells (Het‑1A) 
(Fig. 5D). The results of RT‑qPCR revealed that the change in 
MCM6 mRNA expression was similar to the IHC results and 
the former bioinformatics analysis.

Silencing of MCM6 decreases cell survival. To explore the 
possible effects of MCM6 on the cell phenotype, two siRNAs 

Figure 3. GO and KEGG analysis of 24 upregulated DEGs reveals the main cellular, biological processes, molecular functions and signaling pathways in which 
they were enriched. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes.
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specifically targeting MCM6 were designed, and transfected 
into EC109 and KYSE30 cells. Cells were collected, and total 
RNA and protein were isolated for RT‑qPCR and western 
blot analysis to detect the silencing efficiency. Results of the 

western blot analysis revealed that the MCM6 protein expres-
sion level decreased compared with the blank and negative 
groups (Fig. 5E and F). The results of RT‑qPCR revealed a 
similar tendency in the mRNA expression level (Fig. 5G).

Figure 4. Expression analysis of MCM6. (A) Expression of MCM6 in different types of human tumors. The graphic obtained from Ocomine indicates the 
number of datasets that were statistically significant (P<0.01). Red represents mRNA overexpression and blue represents the downregulated expression of 
MCM6 (cancer vs. normal tissue). The threshold was designed using the following parameters: P‑value of 1E‑4, fold change of 2, and gene ranking of 10%. 
(B) Expression of MCM6 in different types of human tumors by GEPIA analysis. (C) Aberrant gain of expression of MCM6 in ESCA compared to normal 
esophagus tissues by GEPIA analysis. *P<0.05. (D) Gain of expression of MCM6 in ESCC compared to normal esophagus in the Hu et al (51) dataset by 
Oncomine analysis. ***P<0.001. (E) Gain of expression of MCM6 in ESCC compared with normal esophageal tissue in the Su et al (50) dataset by Oncomine 
analysis. ***P<0.001. (F) Relative MCM6 expression in ESCC and EAC by UALCAN analysis. (G) Tumor grade, (H) patient race, (I) patient sex (also by 
UALCAN analysis). *P<0.05 and ***P<0.001 (the first layer asterisk above the bar represents comparison with the normal group, and the asterisk above the 
secondary line represents the comparison between corresponding groups that were covered by the line). MCM6, minichromosome maintenance 6 complex 
component; ESCC, esophageal squamous cell carcinoma.
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To determine the effect of MCM6 on cell proliferation, the 
CCK‑8 assay was performed. The proliferation rate of the cells 
transfected with siMCM6#1 and siMCM6#2 was decreased 
compared with the control group, suggesting that the downreg-
ulation of MCM6 inhibited the cell proliferation rate (P<0.05) 
(Fig. 6A). The cell cycle distribution in each group was detected 
by flow cytometry, and the results showed that the number of 
cells in the S stage were increased and those in the G2 stage 
decreased in the siMCM6#1 and siMCM6#2 groups (P<0.05); 
however, no differences were observed in the number of cells 
in the G1 stage in each group. The results confirmed that cells 
were arrested in the S stage following siMCM6 transfection, 
which indicated that the knockdown of MCM6 inhibited DNA 
reduplication activity, thereby inhibiting cell proliferation 
(Fig. 6B).

The apoptotic rates in the siMCM6#1 and siMCM6#2 
groups increased relative to the negative control group. The 

results revealed that the knockdown of MCM6 promoted the 
apoptosis of ESCC cells (Fig. 6C).

Downregulation of MCM6 inhibits cell motility. Cell 
motility, including cell migration and invasion, was 
evaluated using wound‑healing and Transwell assays. The 
wound‑healing assay revealed that the negative control 
cells exhibited a more rapid wound closure rate than the 
knockdown group, suggesting that the migratory ability 
was significantly suppressed after MCM6 was silenced 
(Fig. 7A and B). Similarly, as shown by Transwell assay, 
the number of migrating (Matrigel‑uncoated) (Fig. 7C) or 
invading (Matrigel‑coated) (Fig. 7D) cells in the bottom 
chamber evidently decreased compared to the negative 
control group following the knockdown of MCM6. These 
results suggested that the knockdown of MCM6 significantly 
inhibited ESCC cell migration and invasion.

Figure 5. Expression of MCM6 in tissues and cell lines, and transfection efficiency detection. (A) Negative staining of MCM6 in normal esophageal tissues 
(magnification, x100) (negative). (B) Strong expression in ESCC tissues (positive). (C) MCM6 expression levels were compared among ESCC and paired 
normal tissues (P<0.05). (D) Expression of MCM6 in ESCC cell lines analyzed by RT‑qPCR. (E and F) Expression of MCM6 was measured by western 
blot analysis in ESCC cell lines. (G) Expression of MCM6 in ESCC cell lines transfected with siMCM6#1 and siMCM6#2. **P<0.01, ***P<0.001. MCM6, 
minichromosome maintenance 6 complex component; ESCC, esophageal squamous cell carcinoma.
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Discussion

ESCC is associated with an extremely poor prognosis attrib-
uted to its invasive and metastatic tendency. Due to the lack 
of effective therapeutic strategies, it is imperative to develop 
a therapeutic target to improve the survival rate. Although 
current molecular targeted therapies have shown promise for 
the treatment of ESCC, patient prognosis remains poor (8). 
The aim of the present study was to identify novel biomarkers 

and therapeutic targets for ESCC using bioinformatics 
analysis.

Bioinformatics, which combines computer science and 
life science, aids in the elucidation of underlying molecular 
mechanisms using the theories of computer science, 
statistics and biological science, and reduces time and 
experimental expense (39,40). High‑throughput gene chip 
technologies are widely used to elucidate the mechanisms 
underlying the progression of ESCC, which provides an 

Figure 6. Downregulation of MCM6 suppresses the proliferation of ESCC cells and promotes cell apoptosis in vitro. (A) Proliferation of EC109 and KYSE30 
was impaired by the silencing of MCM6, as exemplified by CCK‑8 assay. (B) Cells were arrested at the S phase after EC109 and KYSE30 cells were transfected 
with siMCM6. (C) Number of apoptotic cells increased in the transfected groups in which EC109 and KYSE30 cells were transfected with siMCM6, as 
analyzed by flow cytometry. All experiments were repeated 3 times independently and presented figures are the most representative figures. *P<0.05, **P<0.01, 
***P<0.001 and ****P<0.0001. MCM6, minichromosome maintenance 6 complex component; ESCC, esophageal squamous cell carcinoma.
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effective and innovative approach for the diagnosis, treat-
ment and prevention of ESCC. The GEO database, which 
can be downloaded for free, is an open dataset, and provides 
the webpage analysis tool (GEO2R) for the screening of 
DEGs by GEO query and Limma package. In the present 
study, 4 mRNA datasets were extracted, including 22 
ESCC cell lines, 31 ESCC tissues and 25 normal controls, 
and 68 core genes were identified (48 upregulated and 20 
downregulated genes) shared among the 4 GEO datasets on 
ESCC by GEO2R. The 68 DEGs were then explored using 
STRING and Cytoscape and PPI network was generated, 
which comprised a key clustering module using the MCODE 

plugin. The module consisted of 24 genes with the highest 
score (22.783), and the top 24 genes (which have the highest 
number of connections with surrounding genes), included 
RFC4, TOP2A, CDC6, UBE2C, TPX2, MCM6, TRIP13, 
CENPN, RAD51AP1, DTL, FOXM1, NUF2, TTK, CENPF, 
ECT2, KNTC1, SPAG5, HELLS, KIF14, KIF4A, CDCA2, 
CKS1B, ATAD2 and MCM5. MCM6 exhibited great 
connectivity with other genes. Functional GO annotation 
revealed that the genes were enriched in cell division, 
mitotic nuclear division, chromosome segregation, DNA 
replication and sister chromatid cohesion. KEGG enrich-
ment analysis revealed a significant association with cell 

Figure 7. Downregulation of MCM6 suppresses the migration and invasion of ESCC cells. (A and B) Migration was attenuated after MCM6 was knocked down 
in EC109 and KYSE30 cell lines, as detected by wound‑healing assays. (C) Similarly, cell migratory ability was also detected, and the results revealed that 
cell migration was inhibited when MCM6 was silenced in EC109 and KYSE30 cell lines, as evaluated by Transwell assay (Matrigel‑uncoated). (D) Invasion 
was inhibited when MCM6 was silenced in EC109 and KYSE30 cell lines, as evaluated by Transwell assay (Matrigel‑coated). All experiments were repeated 
3 times independently and presented figures were the most representative figures. ***P<0.001 and ****P<0.001. MCM6, minichromosome maintenance 6 
complex component; ESCC, esophageal squamous cell carcinoma.



LI et al:  MCM6 IN ESOPHAGEAL SQUAMOUS CELL CARCINOMA1000

cycle and DNA replication. These results suggested that the 
genes may affect ESCC progression by regulating cell divi-
sion, mitotic nuclear division and DNA replication, and the 
DEGs may be linked to ESCC progression through the cell 
cycle pathway. Numerous gene chips and studies on ESCC 
have aimed to elucidate the genes involved in ESCC progres-
sion. Previous findings have also validated key transcription 
factors involved in the development of ESCC, including cell 
cycle and DNA replication (41,42), which also suggest that 
MCM6 exhibits elevated expression and good connectivity 
with surrounding genes.

MCM6 is a highly conserved MCM protein that is 
essential for the initiation of eukaryotic genome replication 
and may be involved in the recruitment of other DNA repli-
cation‑related proteins. It has been reported that MCM6 is 
upregulated in various types of cancer, such as non‑small 
cell lung carcinoma, hepatocellular carcinoma and menin-
giomas (21,22,26). Liu et al (26) verified the upregulated 
expression of MCM6 in hepatocellular carcinoma and 
its association with tumor number, early recurrence 
and liver cirrhosis. However, the expression of MCM6 
in ESCC remains obscure. In the present study, MCM6 
expression was investigated in ESCC using bioinformatics 
analysis.

Firstly, in order to further validate aberrant MCM6 expres-
sion in EC using bioinformatics tools, Oncomine, UALCAN 
and GEPIA were also utilized to examine the expression 
level of MCM6. The results revealed the elevated expression 
of MCM6 in ESCC compared to normal tissues, which was 
consistent with the former bioinformatics analysis. TCGA 
data indicated that the expression of MCM6 was associated 
with the grade of the disease and the ethnicity of the patients 
with ESCC. IHC staining, which was conducted on 68 ESCC 
samples also confirmed the gain of expression of MCM6 in 
ESCC tissues, and a high expression ratio (76.5%) in ESCC 
was observed vs. the low ratio (26.75%) in normal tissues. 
Moreover, analysis of the clinical parameters revealed that 
MCM6 expression was associated with lymphatic metas-
tasis and infiltration depth, which was inconsistent with our 
bioinformatics analysis due to different patient samples. 
Subsequently, RT‑qPCR analysis of ESCC cell lines also 
confirmed the gain of expression of MCM6. It was thus 
revealed that MCM6 may be a diagnostic and therapeutic 
biomarker for ESCC.

Cell proliferation, migration and invasion, as well as apop-
tosis are the basic life activities of cells during the process 
of development. Once the balance between these processes 
is disrupted, a number of diseases may then develop  (43). 
Malignant tumor cells exhibit excessive proliferation, as 
well as abnormal migratory and invasive ability and apop-
tosis (44,45). Therefore, the identification of targeted genes 
associated with these processes are of utmost importance. 
According to GO annotation, MCM6 plays a key role in DNA 
replication initiation and in the G1/S transition of the mitotic 
cell cycle, which were validated in later experiments (18). In 
the present study, following transfection of the EC109 and 
KYSE30 cells with siRNA‑MCM6#1 and siRNA‑MCM6#2, 
CCK8, wound‑healing and Transwell assays (with or without 
Matrigel) and flow cytometry were performed to determine 
the cell proliferative, migratory and invasive ability, as well 

as cell apoptosis and the progression of the cell cycle. The 
results indicated that the knockdown of MCM6 inhibited the 
cell proliferative, migratory and invasive ability, and promoted 
cell apoptosis; the cell cycle assay also revealed that the cells 
were arrested at the S stage. These results suggested that 
MCM6 affected the proliferation, migration and invasion, and 
the apoptosis of EC cells.

In conclusion, the present study identified 24 DEGs between 
ESCC and normal esophagus tissues by bioinformatics analysis, 
and MCM6 was identified as the most important gene in the 
network. Several other websites also validated the elevated 
MCM6 expression, and IHC and RT‑qPCR experimental vali-
dation also confirmed the upregulation in ESCC, compared 
with normal tissues or cell lines. Additionally, cell proliferation, 
cell migration and invasion, and cell apoptosis assays suggested 
that MCM6 plays an important role in the progression of ESCC.
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