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ARTICLE INFO ABSTRACT

Keywords: Objective: Recently, accumulated evidence indicates that the enhancer of zeste homologue 2 (EZH2) is highly
Lung adenocarcinoma expressed in a wide range of cancer types, including NSCLC. The downstream genes regulated by EZH2 were
CEPS5 screened using bioinformatics analysis. This study aimed to analyse the correlation between the downstream
EZH2 . genes of EZH2 and the prognosis of lung adenocarcinoma.

II\)/Ir:g:;:tsion Methods: Expression and methylation data of lung adenocarcinoma were downloaded from The Cancer Genome
Atlas (TCGA) (https://cancergenome.nih.gov/) database, and data were categorized into EZH2 overexpression
and EZH2 downregulation groups according to EZH2 expression. The genes that showed opposite trends of
methylation and expression changes were screened, and the association of gene expression was calculated. Based
on the String database, a protein association analysis was conducted to identify genes related to EZH2, which are
referred to as EZH2 regulation candidate genes. According to gene expression (GSE27262) and methylation
(GSE66836) chip data in the Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/) database,
the genes with differential expression and methylation in lung adenocarcinoma tissues were analysed, and the
trends of EZH2 regulation candidate gene expression and methylation were verified to identify the EZH2 reg-
ulation candidate genes. Subsequently, MethHC (http://methhc.mbc.nctu.edu.tw/php/index.php) and UALCAN
(http://ualcan.path.uab.edu/index.html) were employed to verify changes in the expression and methylation of
EZH2 downstream regulation candidate genes and to analyse the correlation between these genes and the
prognosis of lung adenocarcinoma.

Results: Expression and methylation data of lung adenocarcinoma were downloaded from TCGA database and
categorized into EZH2 overexpression and EZH2 downregulation groups according to EZH2 expression. A total
of 337 genes that showed opposite trends of methylation and expression changes were obtained. The protein
association analysis using the String (https://string-db.org/) database showed that 61 genes interact with EZH2
and 61 genes represent EZH2 downstream regulation candidate genes. Moreover, 222 genes obtained from
GSE27262 and GSE66836 chip data were negatively correlated with methylation and expression changes, and
centrosomal protein 55 (CEP55) was identified as the EZH2 downstream regulation candidate gene. CEP55 was
upregulated in lung adenocarcinoma tissues and showed low methylation. According to gene expression data
from TCGA database, CEP55 and EZH2 exhibit higher levels in lung adenocarcinoma tissue than in adjacent
normal tissue. Finally, the survival analysis revealed that EZH2 is not associated with the prognosis of lung
adenocarcinoma, while CEP55 is related to lung adenocarcinoma prognosis.

Conclusion: Taken together, these results indicate that changes in EZH2 expression lead to changes in CEP55
expression in lung adenocarcinoma, and these changes are associated with its prognosis.

1. Introduction diagnosed in the high metastasis stage of the tumour and is difficult to
cure, with a poor prognosis [32]. The survival rate of lung cancer

Lung cancer, one of the most common cancers worldwide, remains within 5 years is approximately 15% [21]. Moreover, lung adeno-
the leading cause of death from cancer. There were 226,160 new cases carcinoma is a main subtype of lung cancer with a poor chemother-
of lung cancer and 160,340 cases of lung cancer deaths in 2012 [39]. apeutic effect, and a large number of patients show resistance to cis-
With a lower early diagnosis rate of lung cancer, lung cancer is mostly platin [33]. Due to the lower early diagnosis rate, limited

* Corresponding author at: Department of Cardiothoracic Surgery, Sun Yet-Sen Memoral Hospital Sun Yet-Sen University, No. 107, Yanjiang Road, Yuexiu District,
Guangzhou, 510000, Guangdong Province, PR China.
E-mail address: wangminghui_dr@163.com (M. Wang).

https://doi.org/10.1016/j.prp.2018.11.016
Received 4 June 2018; Received in revised form 8 November 2018; Accepted 23 November 2018
0344-0338/ © 2018 Published by Elsevier GmbH.


http://www.sciencedirect.com/science/journal/03440338
https://www.elsevier.com/locate/prp
https://doi.org/10.1016/j.prp.2018.11.016
https://cancergenome.nih.gov/
https://www.ncbi.nlm.nih.gov/geo/
http://methhc.mbc.nctu.edu.tw/php/index.php
http://ualcan.path.uab.edu/index.html
https://string-db.org/
https://doi.org/10.1016/j.prp.2018.11.016
mailto:wangminghui_dr@163.com
https://doi.org/10.1016/j.prp.2018.11.016
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prp.2018.11.016&domain=pdf

S. Wu et al.

chemotherapeutic effect, and poor prognosis of lung adenocarcinoma,
biomarkers with high sensitivity and specificity would be helpful in
identifying its pathological changes, and new biomarkers would predict
prognosis and provide a specific treatment strategy for lung adeno-
carcinoma to obtain better clinical outcomes.

Epigenetic inheritance is regarded as the genetic modification of
chromatin that affects gene expression and related processes of other
DNAs but does not directly change the DNA coding sequence [18].
Epigenetic inheritance includes DNA methylation, histone modifica-
tion, and noncoding RNA expression, affecting some functions, such as
individual biological metabolism, DNA repair capacity, and immunity
[18,25]. Epigenetic abnormality often occurs in human cancers and is
involved in the occurrence and progression of cancer, possibly re-
presenting a biomarker for cancer diagnosis and prognosis [9]. At
present, the epigenetic event that has been most investigated is DNA
methylation, the chemical covalent modification for cytosine. Changes
in DNA methylation in lung cancer present as the hypermethylation of
tumour suppressor genes [17,22]. Hypomethylation affects genome
stability and induces high expression of oncogenes [10,12]. DNA me-
thylation is a novel potential biomarker for lung cancer diagnosis and
prognosis with high sensitivity and specificity [2].

In recent years, an increasing number of studies have paid more
attention to the methylation of genes in lung cancer. It cannot be ig-
nored that the factor that results in gene methylation serves as a
modulatory factor for the potential carcinogenesis of lung cancer. It is
of great significance for cancer progression, diagnosis, and prognosis to
understand the regulatory roles of epigenetic modifying factors in me-
thylation changes. As a method of genome modification, methylation is
dependent on specific epigenetic modifying factors, including the reg-
ulation of methyltransferase [S50]. Enhancer of zeste homologue 2
(EZH2) is a common methyltransferase. EZH2 overexpression is related
to a poor prognosis of lung cancer. EZH2 is highly expressed in multiple
cancers, such as cervical [28], mammary [14], prostatic [31], renal
[45], gastric [15], and lung [51]. In lung cancer tissues, upregulated
EZH2 is associated with histological differentiation, pathological tu-
mour-lymph node metastasis staging and smoking history [5]. As an
epigenetic modifying factor, EZH2 promotes the occurrence and pro-
gression of cancer by regulating downstream molecules via chromatin
modifications, including epigenetic inheritance, stimulating a carcino-
genic signal or silencing tumour suppressor genes [44].

Aberrant expression of EZH2 is correlated with the progression of
lung adenocarcinoma. However, studies on EZH2-regulating down-
stream molecules in lung adenocarcinoma are lacking. Therefore, in the
present study, bioinformatics was adopted to screen downstream genes
regulated by EZH2, and the expression chip data of lung adenocarci-
noma and methylation chip data in the GEO database were examined to
verify the expression of downstream genes and methylation differences
to analyse the correlations between EZH2 and its downstream genes
with the prognosis of lung adenocarcinoma, providing new insight into
the epigenetic modification/regulatory mechanism of lung adeno-
carcinoma and direction for its early diagnosis and prognosis.

2. Materials and methods
2.1. TCGA lung adenocarcinoma methylation and RNA-Seq data

The expression and methylation data of lung adenocarcinoma and
normal tissue were downloaded in open source data generated from
The Cancer Genome Atlas (TCGA) genome data analysis centre
(https://cancergenome.nih.gov/). The Genomic Data Commons
Application Programming Interface (GDC API) in TCGA was adopted to
retrieve and download data to generate the methylation and expression
profiles of lung cancer genes [48]. The beta value in the methylation
profile represents the methylation degree calculated by Illumina In-
finium Human Methylation 450 K arrays, which represents the intensity
ratio of gene methylation to nonmethylation [47]. After normalisation
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using the RNA-Seq by expectation maximization (RSEM) in the ex-
pression profile, the expression value was used to refer to the mRNA
level [26]. The 453 cases of methylation and RNA-Seq data were ob-
tained from TCGA database and were used in the subsequent analyses.

2.2. Detection of the methylation and expression of lung cancer driven by
EZH2 in TCGA

To screen the downstream genes that result in changes in methy-
lation and expression caused by differences in EZH2 expression and
methylation in lung cancer, the samples were first assigned to either the
EZH2 overexpression or EZH2 downregulation group according to the
EZH2 expression level of the gene expression profile. To compare the
differences in gene expression between the EZH2 overexpression and
EZH2 downregulation groups, limma [41] of R package was adopted
and the log2 fold change (1og2FC) of the gene was calculated. After
correction, the P value was represented as adj.P. Val, and if |logFC| > 1
and the gene of adj.P.Val was identified as the differential gene, the
volcano map of the differentially expressed gene was drawn. The t-test
was performed to distinguish the differential methylation site between
the EZH2 overexpression and EZH2 downregulation groups, and the
site with a p value of < 0.05 was regarded as the differential methy-
lation site. The methylation level of the gene affected the gene ex-
pression level: the lower the methylation level, the higher expression
level and vice versa [3,49]. Moreover, jvenn (http://jvenn.toulouse.
inra.fr/app/example.html) was adopted to compare genes with up- or
downregulated expression and genes with up- or downregulated me-
thylation to screen genes with the opposite trend of methylation and
expression, which were considered EZH2 downstream regulation can-
didate genes.

2.3. Functional analysis of EZH2 downstream regulation candidate genes
using GO and KEGG analyses

The Database for Annotation, Visualization and Integrated
Discovery (DAVID) (https://david.nciferf.gov/home.jsp) provides a set
of complete annotation tools to help us understand the biological sig-
nificance of a large number of genes and classifies gene function and
analyses the functional annotation clustering and functional annotation
table for a list of given genes [19]. The DAVID was adopted for the
functional analysis of EZH2 downstream regulation candidate genes
using GO and KEGG and the obtained GO and KEGG functional en-
richment results were visualized using ImageGP (http://www.ehbio.
com/ImageGP/index.php/Home/Index/index.html).

2.4. Association analysis of EZH2 and genes driven by EZH2

The profile of EZH2 and its downstream regulation candidate genes
was extracted according to TCGA gene expression profiles in lung
adenocarcinoma. R language was adopted to calculate the Pearson
correlation coefficient of downstream regulation candidate genes with
EZH2 expression and the correlation of expression among genes. The
String (https://string-db.org/) database provides protein-protein in-
teraction information, including direct (physical) and indirect (func-
tional) associations [42]. The protein-protein interaction (PPI) network
constructed with EZH2 downstream regulation candidate genes was
obtained from the String database in Cytoscape 3.6.0 software [38].
The default scoring threshold of interaction in the String database was
0.4 and the subnetwork constructed with those genes interacting with
EZH2 was further extracted. Next, the EZH2 driving genes and the
genes that interact with EZH2 were constructed into a network.

2.5. Expression and methylation of genes in lung adenocarcinoma using the
Gene Expression Omnibus (GEO)

Expression (GSE27262) and methylation (GSE66836) chip data of
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genes in lung adenocarcinoma were obtained from the GEO database
(https://www.ncbi.nlm.nih.gov/geo/) and used to analyse differences
between the expression and methylation of genes in lung adenocarci-
noma. GSE27262 was used to examine gene expression in tumour and
adjacent normal tissues from 25 patients with lung adenocarcinoma.
The gene annotation platform used was the GPL570-[HG-U133_Plus_2]
Affymetrix Human Genome U133 Plus 2.0 Array. The affy package of R
language [13] was adopted for background correction and standardized
pretreatment for the gene expression profile. The limma package [41]
was employed to screen the differential genes, and the screening
threshold of differential genes was set as adj.P.Val < 0.05 and
|log2FC| > 1. A heat map of differentially expressed genes was drawn.
GSE66836 was used for methylation sequencing data of the whole
genome from 164 lung adenocarcinoma tissues and 19 normal tissues
detected by the Illumina Infinium 450K array. The wateRmelon
package of R language [35] was adopted for standardized pretreatment
for 450 K methylation data. The minif package [1] was used for the
differential methylation analysis of methylation data to compare the
differentially methylated genes between lung adenocarcinoma and
normal tissues. The expression and methylation differences of genes in
lung adenocarcinoma in the GEO database were compared. jvenn was
employed to screen genes that showed the opposite trend of methyla-
tion and expression changes in lung adenocarcinoma.

2.6. Chip data analysis using the GEO

According to the EZH2 downstream regulation candidate genes
obtained from TCGA database and lung adenocarcinoma genes ob-
tained from the GEO database that showed the opposite trend of me-
thylation and expression changes, the differences between these two
types of genes were compared to screen EZH2 downstream regulation
candidate genes with differential expression and methylation in lung
adenocarcinoma. Centrosomal protein 55 (CEP55) was revealed as an
EZH2 downstream regulation gene. Next, CEP55 gene expression data
were extracted from the expression profile in TCGA database and
GSE27262 chip data in the GEO database. Changes in CEP55 expression
in the EZH2 overexpression and EZH2 downregulation groups in TCGA
expression profile and the differential expression of CEP55 in lung
adenocarcinoma in GSE27262 chip data were analysed.

2.7. Changes in EZH2 and CEP55 expression in lung adenocarcinoma in
TCGA database

The expression and methylation differences in the EZH2 over-
expression and EZH2 downregulation groups were analysed to identify
EZH2 regulatory genes. The expression and methylation of EZH2 and its
regulatory genes in lung adenocarcinoma and adjacent normal tissues
were further verified.

UALCAN (http://ualcan.path.uab.edu/index.html) was used to
analyse TCGA data. UALCAN was used to examine gene expression in
tumour and normal samples and changes in factors associated with
various tumours, such as tumour stage, tumour classification, race,
weight, and other clinicopathological features [7]. The expression dif-
ferences of CEP55 and EZH2 were identified in UALCAN. The MethHC
(http://methhc.mbe.nctu.edu.tw/php/index.php) database provides
DNA methylation data in TCGA database [20]. Methylation changes in
CEP55 and EZH2 in lung adenocarcinoma and adjacent normal tissues
were compared using the MethHC database.

2.8. Correlation analysis of EZH2 and CEP55 expression

CEP55 expression and methylation differences were driven by EZH2
expression. The differential expression and methylation of CEP55 and
EZH2 in lung adenocarcinoma tissues were verified in the GEO and
TCGA databases. For further analysis of the regulatory potential of
EZH2 on CEP55, the association between CEP55 and EZH2 was
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analysed. EZH2 and CEP55 expression profiles were extracted from
TCGA lung adenocarcinoma expression profiles and GSE27262 chip
data. GraphPad Prism 6 was employed to analyse the Pearson correla-
tion coefficient of EZH2 and CEP55 expression, and correlation graphs
of EZH2 and CEP55 were drawn.

2.9. Effects of EZH2 and CEP55 expression on the prognosis of lung
adenocarcinoma

Changes in EZH2 expression may regulate CEP55 in lung adeno-
carcinoma, and both EZH2 and CEP55 are differentially expressed in
lung adenocarcinoma. To investigate the clinical effects of gene ex-
pression, specifically CEP55 expression on patients with lung adeno-
carcinoma, the effects of EZH2 and CEP55 expression changes on the
viability of patients with lung adenocarcinoma were investigated.
Because UALCAN data originate from TCGA level 3 RNA-Seq and the
clinical data of cancer (except for the analysis of gene expression
changes in tumours), the effect of gene expression on patient survival
conditions was analysed. UALCAN was used to analyse the correlation
between EZH2 and CEP55 expression and the prognosis of lung ade-
nocarcinoma.

2.10. Statistical analyses

All quantitative data were analysed by t-tests or one-way ANOVA
with an open source software package in the R programming language.
Statistical significance was considered at p < 0.05.

3. Results

3.1. A total of 337 genes were identified as EZH2 downstream regulation
candidate genes in TCGA

RNA-Seq and 450 K methylation data of 453 patients with lung
adenocarcinoma were downloaded from TCGA database to obtain the
expression and methylation profiles. Samples were grouped into the
EZH2 overexpression or EZH2 downregulation groups according to the
EZH2 expression level, as shown in Fig. 1A. The limma package was
employed to screen the differentially expressed genes between the
EZH2 overexpression and EZH2 downregulation groups, with a
threshold of [logFC| > 1 and adj.P.Val < 0.05. The volcano map of the
differentially expressed genes is shown in Fig. 1B. In total, 480 genes
were clearly upregulated and 275 were clearly downregulated. In-
formation regarding the differentially expressed genes is shown in
Supplemental Table 1. The t-test (p value < 0.05) was used to identify
the differential methylation site between the EZH2 overexpression and
EZH2 downregulation groups. The same differential mode of differ-
ential methylation site in the gene promoter region suggests that dif-
ferential methylation exists in the gene promoter region. A total of
18,165 differentially expressed genes were obtained in the EZH2
overexpression and EZH2 downregulation groups (Supplemental
Table 2). Compared with the EZH2 downregulation group, the EZH2
overexpression group had 7552 genes with downregulated methylation
and 2945 genes with upregulated methylation and downregulated
EZH2 methylation. Genes that showed the opposite trend of methyla-
tion and expression changes were further screened. As shown in Fig. 1C,
the EZH2 overexpression group had 95 genes with overexpressed me-
thylation but reduced expression, 242 genes with overexpressed ex-
pression but reduced methylation and decreased EZH2 methylation but
elevated EZH2 expression. These 337 genes were thus identified as
EZH2 downstream regulation candidate genes.

3.2. The functions of EZH2 downstream candidate genes are closely related
to the progression of lung adenocarcinoma

A total of 337 EZH2 downstream candidate genes screened from
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Fig. 1. A total of 337 genes were identified as EZH2 downstream regulation candidate genes in TCGA.
Note: A, classification of RNA-Seq and 450 K methylation data of 453 patients with lung adenocarcinoma in TCGA database according to EZH2 expression; B, volcano
map of differentially expressed genes between the EZH2 overexpression and EZH2 downregulation groups; C, changes in methylation and expression caused by EZH2
in TCGA database, and the screening of genes that showed the opposite trend of methylation and expression changes; TCGA, The Cancer Genome Atlas; EZH2,
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Fig. 2. GO and KEGG functional analyses showed that functions of EZH2 downstream candidate genes are closely related to the progression of lung adenocarcinoma.
Note: A-D refer to the enrichment results of Biological Process (BP), Cellular Component (CC), Molecular Function (MF), and KEGG enrichment of EZH2 downstream
candidate genes; the ordinate represents the enriched GO/KEGG entries; the abscissa refers to the ratio of genes enriched in entries; the colour of the circle represents
the p value, and the size of the colour refers to the number of genes enriched in the same entry; EZH2, enhancer of zeste homologue 2.
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Note: A, PPI network of EZH2 and its downstream candidate genes. The colour of the gene refers to its association with other genes; red indicates a strong association,
while purple indicates a weak association; B, PPI subnetwork of genes that interact with EZH2. The colour of the gene refers to its association with other genes; red
indicates a strong association, while purple indicates a weak association; C, network of downstream candidate genes driven by EZH2. The blue arrow represents
EZH2, and the circle refers to the downstream candidate genes that interact with EZH2. The colour of the circle refers to the association of genes with EZH2; red
indicates a positive correlation, while green indicates a negative correlation; PPI, protein-protein interaction; EZH2, enhancer of zeste homologue 2.

lung adenocarcinoma expression and methylation profiles in TCGA
were processed by GO and KEGG functional analyses. The results of
Biological Process (BP) (Fig. 2A), Cellular Component (CC) (Fig. 2B),
Molecular Function (MF) (Fig. 2C), and KEGG pathway (Fig. 2D) en-
richment were obtained. EZH2 downstream regulation candidate genes
were enriched in several bioprocesses, including mitotic nuclear divi-
sion, DNA replication, cell division, and G1/S transition of the mitotic
cell cycle. KEGG enrichment revealed the enriched entries as cell cycle
and DNA replication, suggesting that the functions of genes involved in
lung adenocarcinoma are associated with cell proliferation. DNA repair
and the p53 signalling pathway were also clearly enriched entries, in-
dicating that the candidate genes correlate with DNA repair. Cell pro-
liferation and DNA repair could affect the progression of lung adeno-
carcinoma. The functional analysis revealed that the functions of EZH2
downstream candidate genes are closely related to the progression of
lung adenocarcinoma.

3.3. Correlations between EZH2 and its downstream candidate genes

The correlations between EZH2 and its 337 downstream candidate
genes were calculated, and the Pearson correlation coefficients of
candidate genes and EZH2 were obtained (Supplemental Table 3). The
interaction network of 337 genes was obtained using the String data-
base to construct the PPI network of EZH2 downstream candidate genes
(Fig. 3A). To analyse the association among genes that interact with
EZH2, the subnetwork of EZH2-interacting genes was further extracted
(Fig. 3B). A total of 61 genes interact with EZH2, and the interacting
network of these genes is close. Combined with the expression corre-
lation and gene interaction of EZH2 with candidate genes, the network
of downstream candidate genes driven by EZH2 was constructed
(Fig. 3C). In the interaction map, EZH2 expression was negatively re-
lated to PAX7 and TMPRSS2 but positively associated with other genes.

3.4. A total of 222 genes show opposite trends of methylation and
expression changes

The differentially expressed genes of lung adenocarcinoma were
screened from GSE27262 chip data according to adj.P.Val < 0.05 and
|logFC| > 1 and the volcano map of differentially expressed genes
(Fig. 4A). A total of 1480 genes were obtained, among which 908 were
downregulated and 572 were upregulated. The heat maps of the first
100 differentially expressed genes were drawn (Fig. 4B). Information
regarding the differential methylation screen from GSE66836 is shown
in Supplemental Table 4. There were 3678 genes with upregulated
methylation and 2742 genes with downregulated methylation. The
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expression and methylation differences of lung adenocarcinoma genes
were compared, and a Venn map was drawn (Fig. 4C). In lung adeno-
carcinoma tissues, 174 genes exhibited upregulated methylation but
downregulated expression, and 48 genes exhibited upregulated ex-
pression but downregulated methylation. The trends of methylation
and expression changes in the 222 genes were opposite.

3.5. Higher CEP55 level in lung adenocarcinoma tissues

Sixty-one lung adenocarcinoma genes that showed opposite trends
of methylation and expression changes in the TCGA database were
screened in the EZH2 overexpression and EZH2 downregulation groups
and were determined to interact with EZH2. According to expression
and methylation chip data in the GEO database, 222 genes showed
opposite trends of methylation and expression changes. After com-
paring the results between TCGA and GEO databases (Fig. 5A), CEP55
was the only gene shared between the two databases. CEP55 expression
between the EZH2 overexpression and EZH2 downregulation groups
was compared after classification according to EZH2 expression in
TCGA expression profile. CEP55 expression in the EZH2 overexpression
group was higher than that in the EZH2 downregulation group
(Fig. 5B). The change in CEP55 expression in GSE27262 chip data is
shown in Fig. 5C, which revealed that the CEP55 level was higher in
lung adenocarcinoma tissues than adjacent normal tissues.

3.6. CEP55 expression and methylation are positively associated with EZH2
expression and methylation

TCGA data analysis tools UALCAN and MethHC were employed to
verify the changes in EZH2 and CEP55 expression and methylation in
lung adenocarcinoma. The changes in EZH2 and CEP55 expression and
methylation in TCGA database are shown in Fig. 6. Compared with
adjacent normal tissues, EZH2 exhibited upregulated expression
(Fig. 6A) and downregulated methylation (Fig. 6C) in lung adeno-
carcinoma tissues, and the changes in CEP55 expression (Fig. 6B) and
methylation (Fig. 6D) were consistent with EZH2. In TCGA database,
the expression and methylation of EZH2 and CEP55 displayed obvious
changes. CEP55 exhibited high expression and low methylation in lung
adenocarcinoma tissues. The changes in CEP55 in lung adenocarcinoma
in TCGA and GEO databases were consistent.

3.7. EZH2 expression is positively related to CEP55 expression

Expression data of EZH2 and CEP55 were extracted from expression
profiles in TCGA database and GSE27262 to examine the correlation
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changes in 222 genes were opposite.

between EZH2 and CEP55 expression. In TCGA database, EZH2 ex-
pression is positively correlated with CEP55 expression (r = 0.4926,
p < 0.0001) (Fig. 7A). EZH2 expression is also positively correlated
with CEP55 expression in GSE27262 chip data (r = 0.7888, p <
0.0001) (Fig. 7B).

3.8. A higher CEP55 level is related to a poor prognosis of lung
adenocarcinoma

TCGA online analysis tool UALCAN was used to analyse the effects
of EZH2 and CEP55 expression on the survival of patients with lung
adenocarcinoma. The survival curves for EZH2 (Fig. 8A) and CEP55
(Fig. 8B) expression with lung adenocarcinoma were constructed

A B

according to gene expression. In the survival curve with EZH2 (Fig. 8A),
EZH2 expression exerted no significant effect on the survival conditions
of patients with lung adenocarcinoma (p = 0.8). However, according to
the survival curve with CEP55 (Fig. 8B), CEP55 expression is associated
with the survival rate of patients with lung adenocarcinoma. A higher
CEP55 level represented a low survival rate, suggesting a poor prog-
nosis (p = 0.0022). The analysis of survival curves for EZH2 and EP55
indicated that differential CEP55 expression has a greater impact on the
prognosis of lung adenocarcinoma.

4. Discussion

Genes with expression and methylation differences caused by
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Fig. 5. Lung adenocarcinoma tissues showed a higher CEP55 level.
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GEO chip data, where CEP55 is a common gene; B, CEP55 expression change in the EZH2 overexpression and EZH2 downregulation groups in TCGA database; C,
differential expression of CEP55 in lung adenocarcinoma in GEO chip data, GSE27262; TCGA, The Cancer Genome Atlas; EZH2, enhancer of zeste homologue 2; GEO,

Gene Expression Omnibus; CEP55, centrosomal protein 55.
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changes in EZH2 expression were screened from lung adenocarcinoma
methylation and expression profiles in TCGA database and considered
EZH2 downstream regulation candidate genes. The methylation level
affects the expression level and the methylation level is negatively
correlated with the expression level [3,49]. According to classification
by EZH2 expression, 337 genes showed opposite trends of expression
and methylation changes, and 61 genes interact with EZH2, re-
presenting EZH2 downstream regulation candidate genes. Subse-
quently, the changes in EZH2 methylation and expression were verified
according to lung adenocarcinoma methylation and expression in the
GEO database. In TCGA database, EZH2 expression led to increased
CEP55 expression but decreased methylation. In the GEO database,
CEP55 expression was downregulated, while its methylation was up-
regulated. Therefore, CEP55 was identified as the EZH2 downstream
regulation gene.

According to TCGA database analysis, CEP55 differs in methylation
and expression between the EZH2 overexpression and EZH2 down-
regulation groups. MethHC and UALCAN were adopted to further verify
differences in the expression and methylation of CEP55 and EZH2 in
lung adenocarcinoma tissues (TCGA database). Accumulating reports
have paid increasing attention to the effects of the aberrant expression
of EZH2 on lung cancer, even on lung adenocarcinoma [11,27,30,36].
At present, several studies have demonstrated that CEP55 is aberrantly
expressed in various cancers, such as bladder cancer [40] and head and
neck squamous cell carcinoma (HNSCC) [46]. Furthermore, CEP55
overexpression is regarded as an event in the early stage of cancer, and
CEP55 is activated in precancerous and cancerous tissues in colon
cancer [37]. However, few studies have focused on the role of CEP55
methylation differences in cancer, and changes in CEP55 methylation
and expression in lung adenocarcinoma and its potential molecular
mechanism remain poorly understood.

The EZH2 overexpression group exhibited upregulated CEP55 ex-
pression but downregulated methylation, suggesting that changes in
EZH2 expression in lung adenocarcinoma result in differences of CEP55
methylation and expression. Moreover, according to TCGA database
and GSE27262 chip data, CEP55 expression is positively correlated with
EZH2 expression, indicating that differential CEP55 expression in lung
adenocarcinoma is related to EZH2 expression. As an epigenetic mod-
ifying factor, EZH2 promotes cancer by inhibiting the expression of
tumour suppressor genes. For instance, EZH2 suppresses the expression
of the antiangiogenic factor vasohibin 1 (VASH1) by elevating its me-
thylation to promote tumour angiogenesis [29]. In addition, EZH2 af-
fects cancer by activating oncogenes. EZH2 activates Ephrin-B2 ex-
pression by binding to the Ephrin-B2 promoter region to enhance
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tumour angiogenesis [16]. EZH2 expression increases the RAF1 gene
copy number to activate the RAF1-ERK-[3-catenin signalling pathway to
promote the progression of breast cancer [8]. Consistent with our re-
sults, EZH2 overexpression affects lung adenocarcinoma by upregu-
lating CEP55 expression.

Moreover, according to the functional analysis, CEP55 was enriched
in the entry of biological processes related to mitosis of mitotic nuclear
division, mitotic metaphase plate congression, and mitotic cytokinesis.
CEPS55 is a type of mitotic phosphoprotein that plays a vital role in cell
division. In the last stage of cell division, the physical separation of two
daughter cells is achieved [43]. Therefore, CEP55 may affect the pro-
gression of cancer by altering the biological behaviour of cancer cells.

To understand the potential of the differential expression of EZH2
and CEP55 acting as biomarkers for the prognosis of lung adenocarci-
noma, survival curves for EZH2 and CEP55 expression were con-
structed. Changes in EZH2 expression could not accurately predict the
prognosis of patients with lung adenocarcinoma. However, a previous
study proved that a higher EZH2 expression level is associated with
relapse-free and overall survival of patients with lung adenocarcinoma
[4]. Cao et al. revealed that EZH2 is upregulated (compared with
normal tissues) in non-small cell lung cancer (NSCLC) tissues and is an
independent factor of a poor prognosis of these patients. However, in-
terestingly, EZH2 expression itself in tumour tissues is not able to
predict the prognosis of patients with NSCLC [6]. It remains to be de-
termined whether EZH2 is a prognostic factor of lung adenocarcinoma
in a large-scale analysis. Moreover, we also found that higher CEP55
expression represents a poorer prognosis of patients with lung adeno-
carcinoma, suggesting that CEP55 could serve as a prognostic factor for
patients with lung adenocarcinoma. Several studies have revealed that
CEP55 overexpression is considered a potential adverse prognostic
factor for multiple cancers, including epithelial ovarian cancer [52],
oesophageal squamous cancer [24], and pancreatic cancer [34].
Moreover, after radical resection in primary lung adenocarcinoma,
CEP55 exhibited some prognostic significance [23]. We conclude that
CEP55 is correlated with the prognosis of patients with lung adeno-
carcinoma and CEP55 expression and methylation are regulated by
EZH2, providing a new target for clinical research and the treatment of
lung adenocarcinoma.

5. Conclusion

Our results revealed that CEP55 is overexpressed and its methyla-
tion is decreased in lung adenocarcinoma, and the two factors are re-
lated to the prognosis of lung adenocarcinoma. Differences in EZH2
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expression in lung adenocarcinoma result in changes in CEP55 ex-
pression and methylation, and CEP55 is a downstream regulatory gene
of EZH2. Therefore, we believe that CEP55 is regulated by EZH2 and
correlates with the prognosis of lung adenocarcinoma, providing a
greater understanding of the regulatory mechanism of epigenetic
modifying factors in lung adenocarcinoma and a theoretical basis for
clinical studies of lung adenocarcinoma. This study predicted the
downstream molecules regulated by EZH2 in lung adenocarcinoma
through bioinformatics analysis. The conclusions should be verified in
future studies, and it is of great significance to investigate and clinically
verify the regulatory mechanism of EZH2 on CEP55.

Competing interests
The authors have declared that no competing interests exist.
Acknowledgments

This study was supported by The PhD Start-up Fund of The First
People’s Hospital of LianYunGang (BS1604). We would like to ac-
knowledge the helpful comments on this paper received from our re-
viewers.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.prp.2018.11.016.

References

[1] M.J. Aryee, A.E. Jaffe, H. Corrada-Bravo, C. Ladd-Acosta, A.P. Feinberg,

K.D. Hansen, R.A. Irizarry, Minfi: a flexible and comprehensive Bioconductor
package for the analysis of Infinium DNA methylation microarrays, Bioinformatics
(Oxford, England) 30 (2014) 1363-1369.

1. Balgkouranidou, T. Liloglou, E.S. Lianidou, Lung cancer epigenetics: emerging
biomarkers, Biomark. Med. 7 (2013) 49-58.

S.B. Baylin, P.A. Jones, A decade of exploring the cancer epigenome - biological and
translational implications, Nat. Rev. Cancer 11 (2011) 726-734.

C. Behrens, L.M. Solis, H. Lin, P. Yuan, X. Tang, H. Kadara, E. Riquelme, H. Galindo,
C.A. Moran, N. Kalhor, S.G. Swisher, G.R. Simon, D.J. Stewart, J.J. Lee, I.I. Wistuba,
EZH2 protein expression associates with the early pathogenesis, tumor progression,
and prognosis of non-small cell lung carcinoma, Clin. Cancer Res. 19 (2013)
6556-6565.

D.F. Ben, X.Y. Yu, G.Y. Ji, D.Y. Zheng, K.Y. Lv, B. Ma, Z.F. Xia, TLR4 mediates lung
injury and inflammation in intestinal ischemia-reperfusion, J. Surg. Res. 174 (2012)
326-333.

W. Cao, O. Ribeiro Rde, D. Liu, P. Saintigny, R. Xia, Y. Xue, R. Lin, L. Mao, H. Ren,
EZH2 promotes malignant behaviors via cell cycle dysregulation and its mRNA level
associates with prognosis of patient with non-small cell lung cancer, PLoS One 7
(2012) e52984.

D.S. Chandrashekar, B. Bashel, S.A.H. Balasubramanya, C.J. Creighton, I. Ponce-
Rodriguez, B. Chakravarthi, S. Varambally, UALCAN: a portal for facilitating tumor
subgroup gene expression and survival analyses, Neoplasia (New York, N.Y.) 19
(2017) 649-658.

C.J. Chang, J.Y. Yang, W. Xia, C.T. Chen, X. Xie, C.H. Chao, W.A. Woodward,
J.M. Hsu, G.N. Hortobagyi, M.C. Hung, EZH2 promotes expansion of breast tumor
initiating cells through activation of RAF1-beta-catenin signaling, Cancer Cell 19
(2011) 86-100.

P. Costa-Pinheiro, D. Montezuma, R. Henrique, C. Jeronimo, Diagnostic and prog-
nostic epigenetic biomarkers in cancer, Epigenomics 7 (2015) 1003-1015.

A. Daskalos, G. Nikolaidis, G. Xinarianos, P. Savvari, A. Cassidy, R. Zakopoulou,
A. Kotsinas, V. Gorgoulis, J.K. Field, T. Liloglou, Hypomethylation of retro-
transposable elements correlates with genomic instability in non-small cell lung
cancer, Int. J. Cancer 124 (2009) 81-87.

A.E. Frankel, X. Liu, J.D. Minna, Developing EZH2-Targeted therapy for lung
cancer, Cancer Discov. 6 (2016) 949-952.

S. Fujii, K. Shinjo, S. Matsumoto, T. Harada, S. Nojima, S. Sato, Y. Usami,

S. Toyosawa, E. Morii, Y. Kondo, A. Kikuchi, Epigenetic upregulation of ARL4C, due
to DNA hypomethylation in the 3’-untranslated region, promotes tumorigenesis of
lung squamous cell carcinoma, Oncotarget 7 (2016) 81571-81587.

L. Gautier, L. Cope, B.M. Bolstad, R.A. Irizarry, affy—analysis of Affymetrix
GeneChip data at the probe level, Bioinformatics (Oxford, England) 20 (2004)
307-315.

S. Guo, X. Li, J. Rohr, Y. Wang, S. Ma, P. Chen, Z. Wang, EZH2 overexpression in
different immunophenotypes of breast carcinoma and association with clin-
icopathologic features, Diagn. Pathol. 11 (2016) 41.

[2]
[3]

[4]

[5]

[6]

[71

[8]

[9

—

[10]

[11]

[12]

[13]

[14]

300

[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Pathology - Research and Practice 215 (2019) 292-301

L.J. He, M.Y. Cai, G.L. Xu, J.J. Li, Z.J. Weng, D.Z. Xu, G.Y. Luo, S.L. Zhu, D. Xie,
Prognostic significance of overexpression of EZH2 and H3k27me3 proteins in gas-
tric cancer, Asian Pac. J. Cancer Prev.: APJCP 13 (2012) 3173-3178.

M. He, W. Zhang, T. Bakken, M. Schutten, Z. Toth, J.U. Jung, P. Gill, M. Cannon,
S.J. Gao, Cancer angiogenesis induced by Kaposi sarcoma-associated herpesvirus is
mediated by EZH2, Cancer Res. 72 (2012) 3582-3592.

E. Helman, K. Naxerova, I.S. Kohane, DNA hypermethylation in lung cancer is
targeted at differentiation-associated genes, Oncogene 31 (2012) 1181-1188.

R. Holliday, The inheritance of epigenetic defects, Science (New York, N.Y.) 238
(1987) 163-170.

W. Huang da, B.T. Sherman, R.A. Lempicki, Systematic and integrative analysis of
large gene lists using DAVID bioinformatics resources, Nat. Protoc. 4 (2009) 44-57.
W.Y. Huang, S.D. Hsu, H.Y. Huang, Y.M. Sun, C.H. Chou, S.L. Weng, H.D. Huang,
MethHC: a database of DNA methylation and gene expression in human cancer,
Nucleic Acids Res. 43 (2015) D856-861.

J.C. Hwang, W.W. Sung, H.P. Tu, K.C. Hsieh, C.M. Yeh, C.J. Chen, H.C. Tai,

C.T. Hsu, G.S. Shieh, J.G. Chang, K.T. Yeh, T.C. Liu, The overexpression of FEN1
and RAD54B may act as independent prognostic factors of lung adenocarcinoma,
PLoS One 10 (2015) e0139435.

M. Jenal, E. Trinh, C. Britschgi, A. Britschgi, V. Roh, S.A. Vorburger, A. Tobler,
D. Leprince, M.F. Fey, K. Helin, M.P. Tschan, The tumor suppressor gene hy-
permethylated in cancer 1 is transcriptionally regulated by E2F1, Mol. Cancer Res.:
MCR 7 (2009) 916-922.

W. Jiang, Z. Wang, G. Chen, Y. Jia, Prognostic significance of centrosomal protein
55 in stage I pulmonary adenocarcinoma after radical resection, Thorac. Cancer 7
(2016) 316-322.

W. Jiang, Z. Wang, Y. Jia, CEP55 overexpression predicts poor prognosis in patients
with locally advanced esophageal squamous cell carcinoma, Oncol. Lett. 13 (2017)
236-242.

S.M. Langevin, R.A. Kratzke, K.T. Kelsey, Epigenetics of lung cancer, Transl. Res.: J.
Lab. Clin. Med. 165 (2015) 74-90.

B. Li, C.N. Dewey, RSEM: accurate transcript quantification from RNA-Seq data
with or without a reference genome, BMC Bioinformatics 12 (2011) 323.

H. Liu, W. Li, X. Yu, F. Gao, Z. Duan, X. Ma, S. Tan, Y. Yuan, L. Liu, J. Wang,

X. Zhou, Y. Yang, EZH2-mediated Puma gene repression regulates non-small cell
lung cancer cell proliferation and cisplatin-induced apoptosis, Oncotarget 7 (2016)
56338-56354.

Y. Liu, T. Liu, X. Bao, M. He, L. Li, X. Yang, Increased EZH2 expression is associated
with proliferation and progression of cervical cancer and indicates a poor prognosis,
Int. J. Gynecol. Pathol. 33 (2014) 218-224.

C. Lu, H.D. Han, L.S. Mangala, R. Ali-Fehmi, C.S. Newton, L. Ozbun, G.N. Armaiz-
Pena, W. Hu, R.L. Stone, A. Munkarah, M.K. Ravoori, M.M. Shahzad, J.W. Lee,

E. Mora, R.R. Langley, A.R. Carroll, K. Matsuo, W.A. Spannuth, R. Schmandt,
N.B. Jennings, B.W. Goodman, R.B. Jaffe, A.M. Nick, H.S. Kim, E.O. Guven,

Y.H. Chen, L.Y. Li, M.C. Hsu, R.L. Coleman, G.A. Calin, E.B. Denkbas, J.Y. Lim,
J.S. Lee, V. Kundra, M.J. Birrer, M.C. Hung, G. Lopez-Berestein, A.K. Sood,
Regulation of tumor angiogenesis by EZH2, Cancer Cell 18 (2010) 185-197.

Y. Lv, C. Yuan, X. Xiao, X. Wang, X. Ji, H. Yu, Z. Wu, J. Zhang, The expression and
significance of the enhancer of zeste homolog 2 in lung adenocarcinoma, Oncol.
Rep. 28 (2012) 147-154.

N. Melling, E. Thomsen, M.C. Tsourlakis, M. Kluth, C. Hube-Magg, S. Minner,

C. Koop, M. Graefen, H. Heinzer, C. Wittmer, G. Sauter, W. Wilczak, H. Huland,
R. Simon, T. Schlomm, S. Steurer, T. Krech, Overexpression of enhancer of zeste
homolog 2 (EZH2) characterizes an aggressive subset of prostate cancers and pre-
dicts patient prognosis independently from pre- and postoperatively assessed clin-
icopathological parameters, Carcinogenesis 36 (2015) 1333-1340.

J.L. Mulshine, Screening for lung cancer: in pursuit of pre-metastatic disease.
Nature reviews, Cancer 3 (2003) 65-73.

D.M. Parkin, Global cancer statistics in the year 2000, Lancet Oncol. 2 (2001)
533-543.

T. Peng, W. Zhou, F. Guo, H.S. Wu, C.Y. Wang, L. Wang, Z.Y. Yang, Centrosomal
protein 55 activates NF-kappaB signalling and promotes pancreatic cancer cells
aggressiveness, Sci. Rep. 7 (2017) 5925.

R. Pidsley, Y.W. CC, M. Volta, K. Lunnon, J. Mill, L.C. Schalkwyk, A data-driven
approach to preprocessing Illumina 450K methylation array data, BMC Genomics
14 (2013) 293.

E. Riquelme, M. Suraokar, C. Behrens, H.Y. Lin, L. Girard, M.B. Nilsson, G. Simon,
J. Wang, K.R. Coombes, J.J. Lee, W.K. Hong, J. Heymach, J.D. Minna, 1.I. Wistuba,
VEGF/VEGFR-2 upregulates EZH2 expression in lung adenocarcinoma cells and
EZH2 depletion enhances the response to platinum-based and VEGFR-2-targeted
therapy, Clin. Cancer Res. 20 (2014) 3849-3861.

M. Sakai, T. Shimokawa, T. Kobayashi, S. Matsushima, Y. Yamada, Y. Nakamura,
Y. Furukawa, Elevated expression of C100rf3 (chromosome 10 open reading frame
3) is involved in the growth of human colon tumor, Oncogene 25 (2006) 480-486.
P. Shannon, A. Markiel, O. Ozier, N.S. Baliga, J.T. Wang, D. Ramage, N. Amin,

B. Schwikowski, T. Ideker, Cytoscape: a software environment for integrated
models of biomolecular interaction networks, Genome Res. 13 (2003) 2498-2504.
R. Siegel, D. Naishadham, A. Jemal, Cancer statistics, 2012, CA Cancer J. Clin. 62
(2012) 10-29.

P.K. Singh, A.K. Srivastava, S.K. Rath, D. Dalela, M.M. Goel, M.L. Bhatt, Expression
and clinical significance of Centrosomal protein 55 (CEP55) in human urinary
bladder transitional cell carcinoma, Immunobiology 220 (2015) 103-108.

G.K. Smyth, Linear models and empirical bayes methods for assessing differential
expression in microarray experiments, Stat. Appl. Genet. Mol. Biol. 3 (2004)
Article3.

D. Szklarczyk, A. Franceschini, S. Wyder, K. Forslund, D. Heller, J. Huerta-Cepas,


https://doi.org/10.1016/j.prp.2018.11.016
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0005
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0005
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0005
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0005
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0010
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0010
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0015
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0015
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0020
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0020
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0020
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0020
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0020
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0025
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0025
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0025
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0030
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0030
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0030
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0030
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0035
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0035
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0035
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0035
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0040
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0040
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0040
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0040
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0045
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0045
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0050
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0050
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0050
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0050
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0055
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0055
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0060
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0060
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0060
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0060
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0065
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0065
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0065
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0070
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0070
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0070
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0075
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0075
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0075
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0080
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0080
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0080
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0085
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0085
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0090
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0090
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0095
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0095
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0100
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0100
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0100
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0105
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0105
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0105
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0105
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0110
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0110
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0110
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0110
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0115
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0115
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0115
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0120
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0120
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0120
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0125
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0125
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0130
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0130
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0135
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0135
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0135
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0135
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0140
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0140
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0140
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0145
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0145
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0145
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0145
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0145
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0145
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0145
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0150
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0150
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0150
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0155
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0155
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0155
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0155
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0155
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0155
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0160
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0160
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0165
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0165
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0170
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0170
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0170
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0175
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0175
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0175
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0180
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0180
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0180
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0180
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0180
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0185
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0185
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0185
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0190
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0190
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0190
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0195
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0195
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0200
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0200
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0200
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0205
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0205
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0205
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0210

S. Wu et al.

[43]

[44]

[45]

[46]

[47]

[48]

M. Simonovic, A. Roth, A. Santos, K.P. Tsafou, M. Kuhn, P. Bork, L.J. Jensen, C. von
Mering, STRING v10: protein-protein interaction networks, integrated over the tree
of life, Nucleic Acids Res. 43 (2015) D447-452.

A. van der Horst, J. Simmons, K.K. Khanna, Cep55 stabilization is required for
normal execution of cytokinesis, Cell Cycle (Georgetown, Tex.) 8 (2009)
3742-3749.

X. Wang, H. Zhao, L. Lv, L. Bao, X. Wang, S. Han, Prognostic significance of EZH2
expression in non-small cell lung cancer: a meta-analysis, Sci. Rep. 6 (2016) 19239.
Y. Wang, Y. Chen, H. Geng, C. Qi, Y. Liu, D. Yue, Overexpression of YB1 and EZH2
are associated with cancer metastasis and poor prognosis in renal cell carcinomas,
Tumour Biol. 36 (2015) 7159-7166.

A. Waseem, M. Ali, E.W. Odell, F. Fortune, M.T. Teh, Downstream targets of
FOXM1: CEP55 and HELLS are cancer progression markers of head and neck
squamous cell carcinoma, Oral Oncol. 46 (2010) 536-542.

L. Weinhold, S. Wahl, S. Pechlivanis, P. Hoffmann, M. Schmid, A statistical model
for the analysis of beta values in DNA methylation studies, BMC Bioinformatics 17
(2016) 480.

S. Wilson, M. Fitzsimons, M. Ferguson, A. Heath, M. Jensen, J. Miller,

M.W. Murphy, J. Porter, H. Sahni, L. Staudt, Y. Tang, Z. Wang, C. Yu, J. Zhang,

301

[49]

[50]

[51]

[52]

Pathology - Research and Practice 215 (2019) 292-301

V. Ferretti, R.L. Grossman, Developing Cancer informatics applications and tools
using the NCI genomic data commons API, Cancer Res. 77 (2017) el5-el8.

X. Yang, H. Han, D.D. De Carvalho, F.D. Lay, P.A. Jones, G. Liang, Gene body
methylation can alter gene expression and is a therapeutic target in cancer, Cancer
Cell 26 (2014) 577-590.

B. Zhang, S. Dong, R. Zhu, C. Hu, J. Hou, Y. Li, Q. Zhao, X. Shao, Q. Bu, H. Li, Y. Wu,
X. Cen, Y. Zhao, Targeting protein arginine methyltransferase 5 inhibits colorectal
cancer growth by decreasing arginine methylation of eIF4E and FGFR3, Oncotarget
6 (2015) 22799-22811.

H. Zhang, J. Qi, J.M. Reyes, L. Li, P.K. Rao, F. Li, C.Y. Lin, J.A. Perry, M.A. Lawlor,
A. Federation, T. De Raedt, Y.Y. Li, Y. Liu, M.A. Duarte, Y. Zhang, G.S. Herter-Sprie,
E. Kikuchi, J. Carretero, C.M. Perou, J.B. Reibel, J. Paulk, R.T. Bronson,

H. Watanabe, C.F. Brainson, C.F. Kim, P.S. Hammerman, M. Brown, K. Cichowski,
H. Long, J.E. Bradner, K.K. Wong, Oncogenic deregulation of EZH2 as an oppor-
tunity for targeted therapy in lung Cancer, Cancer Discov. 6 (2016) 1006-1021.
W. Zhang, C. Niu, W. He, T. Hou, X. Sun, L. Xu, Y. Zhang, Upregulation of cen-
trosomal protein 55 is associated with unfavorable prognosis and tumor invasion in
epithelial ovarian carcinoma, Tumour Biol. 37 (2016) 6239-6254.


http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0210
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0210
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0210
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0215
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0215
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0215
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0220
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0220
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0225
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0225
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0225
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0230
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0230
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0230
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0235
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0235
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0235
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0240
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0240
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0240
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0240
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0245
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0245
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0245
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0250
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0250
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0250
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0250
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0255
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0255
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0255
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0255
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0255
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0255
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0260
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0260
http://refhub.elsevier.com/S0344-0338(18)30687-3/sbref0260

	Correlation between EZH2 and CEP55 and lung adenocarcinoma prognosis
	Introduction
	Materials and methods
	TCGA lung adenocarcinoma methylation and RNA-Seq data
	Detection of the methylation and expression of lung cancer driven by EZH2 in TCGA
	Functional analysis of EZH2 downstream regulation candidate genes using GO and KEGG analyses
	Association analysis of EZH2 and genes driven by EZH2
	Expression and methylation of genes in lung adenocarcinoma using the Gene Expression Omnibus (GEO)
	Chip data analysis using the GEO
	Changes in EZH2 and CEP55 expression in lung adenocarcinoma in TCGA database
	Correlation analysis of EZH2 and CEP55 expression
	Effects of EZH2 and CEP55 expression on the prognosis of lung adenocarcinoma
	Statistical analyses

	Results
	A total of 337 genes were identified as EZH2 downstream regulation candidate genes in TCGA
	The functions of EZH2 downstream candidate genes are closely related to the progression of lung adenocarcinoma
	Correlations between EZH2 and its downstream candidate genes
	A total of 222 genes show opposite trends of methylation and expression changes
	Higher CEP55 level in lung adenocarcinoma tissues
	CEP55 expression and methylation are positively associated with EZH2 expression and methylation
	EZH2 expression is positively related to CEP55 expression
	A higher CEP55 level is related to a poor prognosis of lung adenocarcinoma

	Discussion
	Conclusion
	Competing interests
	Acknowledgments
	Supplementary data
	References




