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CCNET1 is a predictive o
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cancers including UCEC: a pan-cancer analysis
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Abstract

Background CCNET plays an important oncogenic role in several tumors, especially high-stage serous ovarian
cancer and endometrial cancer. Nevertheless, the fundamental function of CCNE1 has not been explored in multiple
cancers. Therefore, bioinformatics analyses of pan-cancer datasets were carried out to explore how CCNE1 regulates
tumorigenesis.

Methods A variety of online tools and cancer databases, including GEPIA2, SangerBox, LinkedOmics and cBioPortal,
were applied to investigate the expression of CCNET across cancers. The pan-cancer datasets were used to search
for links between CCNET expression and prognosis, DNA methylation, m6A level, genetic alterations, CCNE1-related
genes, and tumor immunity. We verified that CCNE1 has biological functions in UCEC cell lines using CCK-8, EdU, and
Transwell assays.

Results In patients with different tumor types, a high mRNA expression level of CCNET was related to a poor prog-
nosis. Genes related to CCNET were connected to the cell cycle, metabolism, and DNA damage repair, according to
GO and KEGG enrichment analyses. Genetic alterations of CCNE1, including duplications and deep mutations, have
been observed in various cancers. Immune analysis revealed that CCNE1 had a strong correlation with TMB, MS,
neoantigen, and ICP in a variety of tumor types, and this correlation may have an impact on the sensitivity of various
cancers to immunotherapy. CCK-8, EAU and Transwell assays suggested that CCNE1 knockdown can suppress UCEC
cell proliferation, migration and invasion.

Conclusion Our study demonstrated that CCNET is upregulated in multiple cancers in the TCGA database and may
be a promising predictive biomarker for the immunotherapy response in some types of cancers. Moreover, CCNE1
knockdown can suppress the proliferation, migration and invasion of UCEC cells.
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Introduction

Cyclin E1 (CCNEL1), also known as CCNE and pCCNEL,
is an oncogenic driver gene that is linked to a poor prog-
nosis and platinum resistance in certain malignancies [1,
2]. CCNE1 is amplified in 8% of endometrial endome-
trioid adenocarcinomas (EMCAs), 45% of uterine carci-
nosarcomas, and 50% of serous EMCAs, particularly in
high-grade serous ovarian cancer (HGSOC) and endo-
metrial cancer (EC) [3-6]. The protein CCNE1 forms
complexes with CDK2 to facilitate the cell cycle switch
from the G1 phase to the S phase [7]. CCNE1 overexpres-
sion increases stress at replication forks and increases
the likelihood of double-strand breaks (DSBs), which are
repaired through homologous recombination with high
fidelity [8].

Numerous studies have shown that CCNE1 is sig-
nificant for the occurrence and progression of various
tumors [6, 9]. Nicholas C. Turner et al. found that acti-
vation of CDK2 bypass induced by high expression of
CCNE]1 led to palbociclib resistance in breast and ovarian
cancer cell line models [7]. In addition, Khaled Aziz et al.
found that more liver cells of CCNE1l-overexpressing
mice (vs. control mice) had polyploidy, loss or increase
of entire chromosomes, oxidative stress and DNA dam-
age, and CCNE]1 facilitated development of liver tumors;
these results have also been found in human HCC cells
[8]. Moreover, research has shown that MYLK-AS1
silencing can inhibit CCNEL1 expression via the transcrip-
tion factor TCF7L2, thereby regulating the cell cycle dis-
tribution and proliferation of nephroblastoma cells [10].
At present, there are no complete bioinformatics analyses
regarding the biological function and role of CCNEL1 in
multiple tumors.

To verify the biological functions and prognostic value
of CCNE1 in numerous malignancies, systematic bio-
informatics analysis was conducted in this study using
patient data from numerous databases. The relationships
between CCNE1 expression and prognosis, DNA meth-
ylation, genetic modifications, m®A analysis, CCNE1-
related gene expression levels, and tumor immunity
were assessed, and the functional importance of altered
expression levels of CCNEL1 in diverse malignancies was
thoroughly examined. Through in vitro experiments, we
specifically examined the connection between CCNE1
expression and the occurrence and cell proliferation of
UCEC.

Materials and methods

Analysis of CCNE1T mRNA expression and survival
prognosis

SangerBox (http://SangerBox.com/Tool) was used to
explore the expression of CCNE1 between tumor tis-
sues and normal tissues in 27 tumor patients based on
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The Cancer Genome Atlas (TCGA) and Genotype Tis-
sue Expression (GTEx) datasets [11]. These 27 tumors
included adrenocortical carcinoma (ACC), breast inva-
sive carcinoma (BRCA), bladder urothelial carcinoma
(BLCA), colon adenocarcinoma (COAD), cholangiocar-
cinoma (CHOL), cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), glioblastoma
multiforme (GBM), esophageal carcinoma (ESCA), kid-
ney chromophobe (KICH), kidney renal clear cell car-
cinoma (KIRC), renal papillary cell carcinoma (KIRP),
head and neck cancer (HNSC), brain lower grade glioma
(LGG), liver hepatocellular carcinoma (LIHC), kidney
acute myeloid leukemia (LAML), lung squamous cell
carcinoma (LUSC), lung adenocarcinoma (LUAD), ovar-
ian serous cystadenocarcinoma (OV), prostate adenocar-
cinoma (PRAD), pancreatic adenocarcinoma (PAAD),
rectum adenocarcinoma (READ), stomach adenocar-
cinoma (STAD), skin cutaneous melanoma (SKCM),
thyroid carcinoma (THCA), testicular germ cell tumors
(TGCT), uterine carcinosarcoma (UCS) and uterine
corpus endometrial carcinoma (UCEC). CCNE1 expres-
sion between normal and tumor tissues or in differ-
ent tumor stages was analyzed in UCEC via the TCGA
database (https://xenabrowser.net/datapages/). Using
the GEPIA?2 portal (http://gepia2.cancer-pku.cn/#index),
the association between CCNE1 expression and tumor
stage was explored in various cancers, including ACC,
BLCA, CHOL, HNSC, KICH, KIRC, KIRP, LIHC, LUAD,
OV, READ and TGCT [12]. Through the GEPIA2 online
platform, overall survival (OS) and disease-free survival
(DES) maps of CCNE1 were obtained in multiple cancers
via TCGA datasets.

Furthermore, the "Gene-KM plotter" module was used
for COX_OS analysis data of CCNE1 for various can-
cers via SangerBox. The relationship between CCNE1
expression and prognosis in ovarian cancer, breast can-
cer, gastric cancer, lung cancer, and liver cancer was then
analyzed using the Kaplan—Meier plotter portal (https://
kmplot.com/analysis/) [13].

DNA methylation analysis and genetic alteration analysis
We compared the DNA promoter methylation levels of
CCNE1 between various cancers and normal tissues in
TCGA datasets through the UALCAN portal [14]. The
methylation levels of row data from TCGA were normal-
ized using TPM in the databases. DNA methylation lev-
els at the CCNE1 promoter were examined for thirteen
tumors. In the DepMap portal (https://depmap.org/por-
tal/), we obtained methylation level data for the CCNE1
promoter region in a variety of UCEC cell lines [15].

On the online cBioPortal website (https://www.cbiop
ortal.org/), we explored the characteristics of CCNE1
genetic alterations. Based on TCGA tumor datasets in
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the cBioPortal database, mutation type, alteration fre-
quency, and CNA data were obtained [16]. In the "Com-
parison/Survival" module, the survival data of all patients
providing TCGA tumor samples with or without CCNE1
genetic alterations were also displayed. The difference
between groups was considered significant if the log-
rank P value was less than 0.05. Using the TCGA data-
set, we obtained somatic copy number alteration (CNA)
and somatic mutation data for UCEC. According to the
expression value of CCNE1 in UCEC, patients were
divided into two groups based on their CCNE1 expres-
sion status: the first 25% of patients were high expres-
sion of CCNE1(n=132, CCNE1 "&") and the last 25%
were low expression of CCNE1(n=132, CCNE1""). To
download and visualize the somatic mutations in patients
with CCNE1"#" and CCNE1"% UCEC across the TCGA
datasets, the maftools package was used in R software
(https://www.r-project.org/). GISTIC 2.0 (https://cloud.
genepattern.org/) was used to evaluate CNAs that were
associated with CCNE1 expression and the threshold
copy number at alteration peaks [17].

CCNE1 and its binding protein analysis and m®A analysis
Using the STRING (https://www.string-db.org/) and
GeneMANIA  (http://genemania.org/search/) portals,
we analyzed the interactions of the CCNE1 protein with
other proteins [18, 19]. In the GeneMANIA portal, there
are 20 proteins that can interact with CCNE1 and 103
proteins that can interact with CCNEL in the String por-
tal. We then further analyzed the interacting proteins
of CCNE1 by the Hitpredict portal (http://www.hitpr
edict.org/) and found that 6 proteins could interact with
CCNEL1 in all 3 databases. Then, the SRAMP prediction
server (http://www.cuilab.cn/sramp) was used to predict
m6A modification sites within CCNE1 mRNA [20].

CCNE1-related gene enrichment analysis

Through the LinkedOmics portal (http://www.linkedom-
ics.org/login.php), CCNE1-related genes were analyzed
in UCEC [21]. The top 50 genes positively correlated with
CCNET1 and the top 50 genes negatively correlated with
CCNE1 in UCEC were obtained via the LinkedOmics
portal. In Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analyses, we explored
the biological functions and pathways enriched in
CCNE1-related genes. An FDR of 0.05 was chosen as the
rank criterion, and 1000 simulations were run.

Immune cell infiltration analysis

Using the SangerBox portal, the relationships between
tumor-infiltrating immune cells (TIICs) and CCNE1
mRNA expression across cancers were explored; the
TIIC types included activated CD4+T cells, activated

Page 3 of 17

B cells, activated CD8 + cells, central memory CD8+T
cells, central memory CD4+T cells, activated dendritic
cells, MDSCs, gamma delta T cells, monocytes, mac-
rophages, natural killer cells, type 1 T helper cells and
type 17 T helper cells. Then, an investigation of the rela-
tionship between CCNE1 expression and ESTIMATE
score was conducted for numerous cancers using the
SangerBox portal.

Furthermore, using TCGA datasets via SangerBox, we
examined the association between CCNE1 mRNA expres-
sion level and tumor mutation burden (TMB), microsatel-
lite instability (MSI), neoantigen, and immune checkpoint
(ICP) genes expression across cancers. Moreover, the
relationships between immune-related cells and CCNE1
expression in UCEC were investigated via ImmuCellAl
(http://bioinfo.life.hust.edu.cn/ImmuCellAI#!) online web-
site via TCGA datasets [22]. Using the TIMER (https://
cistrome.shinyapps.io/timer/) portal, we further analyzed
the correlation between CCNE1 expression and tumor
purity, B cell, CD8+ cell, CD4 +- cell, macrophage, neutro-
phil and dendritic cell in UCSC, LUSC, SARC and STAD.

Cell culture

HEC-1A and HEC-1B are human UCEC cell lines
obtained from the American Type Culture Collection. A
mycoplasma test was conducted on all cell lines, as well as
STR cell identification. MEM (cat.2427827, cat.8122450,
Gibco, China) containing 10% fetal bovine serum (FBS)
and 1% penicillin was used to culture HEC-1A and HEC-
1B cells at 37 °C and 5% CO,,.

siRNA delivery, reverse transcription (RT) and quantitative
polymerase chain reaction (qPCR)
We obtained CCNE1 small interfering RNAs (siRNAs)
from Shanghai GenePharma Co., Ltd. HEC-1A and HEC-
1B cells were transfected with siRNAs to knock down
CCNEL. Transient transfection of 3 ul si-CCNE1 (20 pM)
was performed according to the manufacturer’s instruc-
tions in 6-well plates via Lipofectamine 3000 (Thermo
Fisher Scientific, Inc.). In this study, si-NC was applied as
a negative control. Forty-eight hours after transfection,
transfected cells were harvested for analysis and detec-
tion. The siRNA sequences of CCNE1 were as follows:
#1: 5’-UCUGUAUAAAGAUUUGCUGGGTT-3 and #2:
5-UUCAGAUAUCUGUAAAAGCAATT-3; the si-NC
sequence was sense: 5- UUCUCCGAACGUGUCACG
UTT-3" and antisense: 5- ACGUGACACGUUCGGAGA
ATT -3

TRIGene (cat. P118-05, GenStar, China) reagent was
used to extract total RNA. For cDNA synthesis, 2 pg of
RNA was reverse transcribed via a reverse transcription
kit (catalog number 00984912, Thermo Fisher Scien-
tific, Inc.). Analysis was performed in triplicate using the
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SYBR Green reaction mix (cat. B21703, Bimake, USA)
on a QuantStudio 3 Real-Time 170 PCR system (Thermo
Fisher Scientific). The primer sequences used for RT-
qPCR were as follows: GAPDH-forward: 5-GGTGGT
CTCCTCTGACTTCAACA-3;, GAPDH-reverse: 5-GTT
GCTGTAGCCAAATTCGTTGT-3; CCNE1-forward:
5-AGAGGAAGGCAAACGTGACC-3, CCNE1-reverse:
5-TATTGTCCCAAGGCTGGCTC-3!

Western blotting
The cells in the dish were washed three times in PBS
and then lysed using RIPA buffer (cat# R0010, Solarbio,
China). A BCA protein assay kit (cat# PC0020, Solarbio,
China) was used to measure the protein concentration.
Ten percent sodium dodecyl sulfate PAGE (SDS-PAGE)
was used to load the protein samples, and a PVDF mem-
brane (cat. IPVH00010, Merck Millipove Ltd, Germany)
was applied to transfer them. Prior to incubation with
primary antibodies overnight at 4 °C, membranes were
treated with 5% BSA for two hours at room temperature.
The primary antibodies included anti-GAPDH (Protein-
tech, China) and anti-CCNE1 (Cell Signaling Technol-
ogy, USA). Then, anti-rabbit or anti-mouse secondary
antibodies conjugated with horseradish peroxidase were
incubated on the membranes. A Molecular Imager®
ChemiDocTM XRS+with Image LabTM Software and
an enhanced chemiluminescence kit (cat. WBKLS0100,
MILLIPORE, USA) were used to determine the level of
protein expression.

CCK-8 assay

HEC-1A and HEC-1B cells were plated in 96-well plates
at 2,000 cells per well, and cells were transfected with
CCNEL siRNAs after 24 h. At specific time points (1, 2,
3, 4 and 5 days), we added 100 pl serum-free solution
(ApexBio) containing 10% CCK-8 reagent (cat. CKO04,
Dojindo, China) and incubated the samples for 1 h. Then,
the OD value was determined using a microplate reader.

5-Ethynyl-2’-deoxyuridine (EdU) assay

Two hundred thousand HEC-1A and HEC-1B cells were
plated in a 6-well plate after 24 h of siRNA transfection.
The EdU kit (cat. K1077, APExBIO, USA) instructions
for incubation, fixation, and staining were followed, and
imaging analysis was performed using a microscope.

Transwell assay

Small transwell chambers were seeded with 80,000
UCEC cells with 200 pl of serum-free culture. The wells
of the 24-well plate underneath the transwell insert
were then filled with 500 pl of serum-containing media.
In the invasion experiment, cells were added into each
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chamber after the mixed matrix gel (Corning Com-
pany, USA) (matrix gel:serum-free medium=1:5) had
solidified. The cells were fixed with 4% paraformalde-
hyde and stained with crystal violet after incubation for
24 h. Furthermore, photographs were obtained under a
microscope (BX53, Olympus Company, Japan), and the
migrating and invading cells were counted.

Statistical analysis

The aforementioned online tools were used to auto-
matically perform statistical analyses. To compare
two groups, unpaired t tests were employed. Multi-
ple groups were compared using one-way ANOVA,
with one exception: the groups in the CCK-8 assay
were compared using two-way ANOVA. The results
were then subjected to the Bonferroni post hoc test.
At *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001,
these results were declared statistically significant.

Results

CCNE1 mRNA expression analysis

CCNEL1 expression in 27 tumors was explored via TCGA
and GTEx cohorts, including ACC, BRCA, BLCA,
CHOL, CESC, COAD, ESCA, HNSC, GBM, KICH,
KIRP, KIRC, LGG, LAML, LUAD, LIHC, LUSC, OV,
PRAD, PAAD, READ, STAD, SKCM, THCA, TGCT,
UCEC and UCS cohorts, via the SangerBox portal.
TCGA and GTEx analyses demonstrated that CCNE1
was highly expressed in multiple tumors, such as ACC,
BRCA, BLCA, CHOL, COAD, CESC, GBM, ESCA,
HNSC, KIRC, KICH, LGG, KIRP, LUAD, LUSC, LIHC,
OV, PRAD, PAAD, STAD, SKCM, READ, THCA, TGCT,
UCEC and UCS, while in LAML, the reverse result was
significant (Fig. 1A). In UCEC, the CCNE1 expression
level was upregulated in tumor tissues compared with
normal tissues in the TCGA cohort (Fig. 1B). Addition-
ally, TCGA database analysis showed that high-stage
tumors (III-IV) had higher expression levels of CCNE1
than low-stage tumors (I-II) in UCEC (Fig. 1C). The
relationships between CCNE1 expression and tumor
grade were analyzed via the GEPIA2 portal. CCNE1
expression levels were found to be positively linked with
tumor stage in ACC, BLCA, HNSC, KIRC, KICH, KIRP,
LIHC, LUAD and TGCT. However, CCNE1 expression
was negatively correlated with tumor grade in CHOL,
OV and READ (Fig. 1D). These findings revealed that
CCNE1 mRNA levels were increased in multiple tumors
and that the expression levels of CCNE1 were related to
tumor stage in ACC, HNSC, CHOL, KIRP, KIRC, KICH,
LIHC, OV, and UCEC.
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Fig. 2 The correlation between CCNET expression and overall survival (OS) in various cancers in TCGA database

Analysis of CCNE1 expression and prognosis

By comparing the overall survival (OS) and disease-
free survival (DFS) rates of tumor patients with low and
high CCNE1 expression, the prognostic significance of
CCNEL1 expression levels in multiple tumors was inves-
tigated. By analyzing the pan-cancer cohorts in the
GEPIA2 database, we discovered that the expression of
CCNE1 was negatively correlated with the OS time of
patients in the ACC (HR=2.7), BRCA (HR=1.6), KIRC
(HR=2.0), KIRP (HR=3.7), LGG (HR=1.6), LIHC
(HR=1.7), LUAD (HR=1.5) and mesothelioma (MESO)

(HR=2.9) cohorts. This indicated that in these cohorts,
patients with high expression levels of CCNE1 showed
a poor prognosis (Fig. 2). In addition, the expression of
CCNE1 was negatively correlated with the DES time of
patients in BRCA (HR=1.5), KIRP (HR=1.8), LGG
(HR=1.8), LIHC (HR=1.9), MESO (HR=1.3), PRAD
(HR=2.2), SKCM (HR=2.0), THCA (HR=1.8) and
UCEC (HR=1.7) (Figure S1).

Furthermore, CCNE1 expression was revealed as a fac-
tor impacting OS in patients with a variety of tumors,
including KIRP (HR=2.59), KIRC (HR=1.62), MESO
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(HR=1.73), KICH (HR=2.55), LGG (HR=1.78), ACC
(HR=1.77), LUAD (HR=1.19), UCEC (HR=1.23),
SKCM (HR=127), PAAD (HR=1.31) and LIHC
(HR=1.11) (Figure S2A), by Cox analysis. Using the
Kaplan—Meier Plotter portal, the correlation between
CCNE1 mRNA expression and the prognosis of patients
with ovarian cancer, breast cancer, gastric cancer lung
cancer, and liver cancer was investigated. According to
the results, patients with high CCNE1 expression had a
poorer prognosis than those with low expression in the
ovarian cancer, breast cancer, gastric cancer, lung cancer,
and liver cancer cohorts (Figure S2B). Through TCGA
database analysis, we discovered that CCNE1 expression
level was negatively related to prognosis in patients with
UCEC (Figure S2C). These findings revealed that high
CCNE1 mRNA levels were linked to a poor prognosis in
various cancers, including UCEC.

Analysis of CCNE1 DNA methylation

Oncogenesis and abnormal methylation are related, and
the methylation patterns of tumors and normal tissues
are different [23]. Methylation can either encourage or
prevent the growth of tumors [24]. Using the UALCAN
online portal, methylation levels at the CCNE1 pro-
moter region were investigated across cancers. Com-
pared to those in corresponding normal samples, the
promoter methylation levels of CCNE1 were lower in
BLCA, ESCA, CESC, HNSC, LIHC, LUSC and READ
samples and higher in BRCA, KIRP, KIRC, PCPG, PRAD
and THCA samples (Fig. 3A). Based on these findings, it
appears that methylation of the CCNE1 promoter may
influence its expression in a variety of cancers. We found
that the methylation level of the CCNE1 promoter region
was low in a variety of UCEC cell lines, suggesting that
a low methylation level of the CCNE1 promoter may be
associated with abnormally high CCNE1 expression in
UCEC (Fig. 3B).

Analysis of CCNE1 genetic alterations in different cancers,
including UCEC

Tumorigenesis and progression are correlated with muta-
tions, amplifications, or deletions of oncogenes or tumor
suppressor genes [25]. Using cBioPortal, we comprehen-
sively examined diverse types of modifications in the
CCNE1 gene, such as mutations, amplifications, deep
deletions and structural variants. It was found that ampli-
fication was the most frequent type of genetic alteration
in the CCNE1 gene in UCS (40.35%), OV (19.01%) and
STAD (10.91%); mutation (4.16%) was the most common
type in UCEC, and deep deletion (1.15%) was the most
common type in MESO (Figure S3A). Then, we explored
the genetic alterations of CCNEL in various tumors.
Based on the results, missense mutations appeared to
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be the predominant genetic alteration of CCNE1 (Fig-
ure S3B). Figure S3C shows the 3D structure of CCNEL.
In addition, the relationship between CCNE1 gene
alteration status and prognosis in various cancers was
explored via cBioPortal analysis of the TCGA dataset.
The findings suggested that patients with tumors without
CCNE]1 alterations had better OS and DEFS than patients
with tumors with CCNE1 alterations (Figure S3D-E).
Moreover, the correlations between CCNE1 expres-
sion and somatic mutations or copy number variations
(CNVs) were explored via the TCGA-UCEC cohort. The
CCNE1"#" group (n=132) displayed a high frequency of
somatic mutations in the TP53 (75%), PIK3CA (40.7%),
TTN (33.3%), PPP2R1A (25.9%) and PTEN (23.1%) genes,
and the CCNE1" group (n=132) displayed a high fre-
quency of mutations in the PTEN (71.4%), PIK3CA
(51.6%), ARID1A (50.8%), TTN (44.4%) and CTNNB1
(38.9%) genes (Fig. 4A-B). Figure 4C-E shows the com-
parison of the CNV profiles in the CCNE1Y (n=132)
and CCNE1"8" (1=132) groups. In the CCNE1"Y
group, we discovered amplification peaks of chromo-
somal locations in 3q26.2, 8q24.12, 8q24.21, 11q13.3 and
12q13.2 and frequent deletions of chromosomal regions
in 1p36.32, 2q22.1, 5q12.1, 10¢23.31, 11q25, 15q15.1 and
16q22.3 (Fig. 4C-E). In the CCNE1"&" group, we dis-
covered amplification peaks of chromosomal regions in
1q21.3, 3q26.2, 8q24.21, 10q22.3, 17q11.2 and 19q12 and
deletions of chromosomal regions in 1p36.11, 2q22.1,
4q35.2, 5q12.3, 10q23.31, 16q22.3, 19p13.3 and 22q13.32
(Fig. 4C-E). According to these results, various tumors
exhibited mutations, amplifications, and deletions of the
CCNEL1 gene. Most CCNEL gene mutations in the pan-
cancer dataset were missense mutations. Furthermore,
the UCEC samples of the TCGA dataset showed diverse
CNVs and somatic mutations when grouped by CCNE1
expression level. The results showed that gene alterations
of CCNE1 may regulate the growth and progression of a
variety of tumors, including UCEC.

The interactions between CCNE1 and its binding proteins

CCNEL1 has been reported to interact with a variety
of proteins to function as an oncogene in a variety of
tumors [6, 9]. Through the STRING and Genemania
analyses, we found the interacting protein of CCNEI.
Figure 5A-B showed the interacting protein networks of
CCNEL1 protein in STRING and Genemania. 20 and 103
proteins were enriched in these two interacting protein
networks, respectively, and 13 proteins were enriched
in both networks, including BRCA1, CCNA2, CCND3,
CDK1, CDK2, CDKN1A, CDKN1B, CDKN2C, E2F1,
FBXW7, FOXM1, PKMYT1 and WEEL1 (Fig. 5C). Then,
we used Hitpredict database to further analyze the
interacting proteins of CCNE1 and obtained 6 proteins
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Fig. 3 DNA promotor methylation levels of CCNET in pan-cancers. A The DNA promotor methylation levels of CCNE1 in various cancers and normal

tissues in TCGA database. B The DNA promotor methylation levels of CCNE1

that strongly interacted with CCNE1 by intersections
with the proteins in both the STRING and Genemania
portal, including CDK2, CDK1, FBXW?7, E2F1, FOXM1
and BRCA1 (Fig. 5C). The results showed that CCNE1
could combine with CDK2, CDK1, FBXW?7, E2F1,
FOXM1 and BRCAI to regulate the biological func-
tions of tumors.

in UCEC cell lines

The interactions between CCNE1 and the m®A modification
of CCNET mRNA

As an important regulatory factor in various physiologi-
cal processes and disease progression, posttranscriptional
modification has received increasing attention in the
biological sciences. Among the various RNA modifica-
tions, N6-methyladenosine (m6A) is the most abundant.
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Numerous studies have reported that m6A modification
plays a crucial role in numerous types of cancer, so we
explored whether CCNEL is affected via m6A modifica-
tion. Figure 6 shows that CCNE1 may have six functional
areas that can be modified by m6A with very high con-
fidence according to the SRAMP portal. These results
showed that the biological function of CCNEI1 in various
tumors may be affected by m6A modification (Fig. 6).

Analysis of CCNE1-related genes in UCEC

Using the LinkedOmics portal, we analyzed CCNE1-
related genes to investigate the role of the CCNE1 gene
in UCEC tumor development. We identified the top 50
genes positively correlated with CCNE1 (Fig. 7A) and
the top 50 genes negatively correlated with CCNE1
(Fig. 7B) in UCEC. The GO analysis showed that the
top 50 genes positively correlated with CCNE1 were
enriched in cell division, mitotic cell cycle process, cell

cycle process, spindle organization and mitotic nuclear
division, and the top 50 genes negatively correlated with
CCNE1 were enriched in regulation of cation chan-
nel activity, response to lipoteichoic acid and positive
regulation of I-kappaB kinase/NF-kappaB signaling
(Fig. 7C-D). Figure 7E-F displays the Kyoto Encyclope-
dia of Genes and Genomes (KEGG) enrichment analysis
results for CCNE1-related genes in UCEC. The top 50
genes positively related to CCNE1 were enriched in the
cell cycle, RNA transport, P53 signaling pathway, DNA
replication and FoxO signaling pathway (Fig. 7E). The
top 50 genes negatively related to CCNE1 were enriched
in drug metabolism-cytochrome P450, NF-kappaB sign-
aling pathway, fatty acid degradation, hedgehog signal-
ing pathway and p53 signaling pathway (Fig. 7F). These
findings demonstrated that CCNE1 could regulate cell
cycle-, metabolism- and DNA repair-associated signal-
ing pathways in UCEC.
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CCNE1 expression and immunity in across cancers, of the tumor immune microenvironment (TIM), TIICs
including UCEC play a significant role in the development, metastasis,
Numerous studies have claimed that tumor-infiltrat- and growth of tumors [26, 27]. To examine the correla-
ing immune cells (TIICs) play a crucial role in tumor tion between TIICs and CCNE1 expression across can-
development and progression. As important elements cers, we analyzed the correlation between CCNE1 and
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the composition of TIICs in various tumors. First, we
used the Sangerbox portal to investigate the connection
between TIIC levels and CCNE1 expression in multiple
tumors. These results demonstrated that CCNE1 expres-
sion was negatively correlated with the infiltration of
various types of immune cells in GBM, LUSC, BLCA,
TGCT, CESC, SARC, COAD, STAD, SKCM, HNSC,
ACC, and PCPG and positively correlated with the infil-
tration of immune cells in PRAD, LGG, LAML, KICH
and UVM (Fig. 8A). Moreover, we evaluated the associa-
tion between CCNE1 and ESTIMATE scores (immune,
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stromal and ESTIMATE scores) in tumors. The percent-
age of stromal cells in tumor tissues is indicated by the
stromal score, the percentage of immune cells infiltrat-
ing the tumor tissues is indicated by the immune score,
and tumor purity is indicated by the ESTIMATE score,
which is the sum of the stromal and immune scores. The
results suggested a negative correlation between CCNE1
and the immune, stromal and ESTIMATE scores in ACC,
TGCT, SARC, STAD and SKCM and a positive corre-
lation between CCNE1 and the immune, stromal and
ESTIMATE scores in KICH and UVM (Fig. 8B). This
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demonstrated that increased CCNE1 expression was It has been demonstrated that tumor mutation bur-
associated with limited stromal and immune cell infiltra-  den (TMB), microsatellite instability (MSI), and neo-
tion, leading to high tumor purity in ACC, TGCT, SARC, antigen are related to antitumor immunity, which is a
STAD, and SKCM. powerful indicator of the effectiveness of immunotherapy
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for tumors [28]. TMB and MSI-high (MSI-H) cancers
respond well to immune checkpoint inhibitors, and
altered tumor-specific antigens, known as neoantigens,
are intriguing targets for tumor immunotherapy using T

cells [29, 30]. We explored the association between the
expression levels of CCNE1 and TMB, MSI, or neoanti-
gen to investigate whether CCNE1 acts as an indicator of
immunotherapeutic responses across cancers. Figure 8C
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demonstrates that CCNE1 expression was positively
associated with TMB in ACC, BLCA, LUAD and KICH.
CCNEL1 expression had a positive correlation with MSI
in GBM, PRAD and CESC and a negative correlation
in UCEC and DLBC (Fig. 8D). CCNE1 expression was
positively correlated with neoantigen in LUAD, BRCA,
HNSC and PRAD (Fig. SE).

Since immune checkpoint (ICP) blockade proteins
control immune cell infiltration into the tumor microen-
vironment, they are potentially targeted for cancer immu-
notherapeutic therapies [31]. Subsequently, we explored
the relationships between CCNE1 and ICP expression in
various cancers. CCNE1 expression had a positive asso-
ciation with ICP genes in PRAD, KIRP, BRCA, KIRC,
THCA, LGG, KICH, and UVM and a negative corre-
lation with ICP genes in TGCT (Fig. 8F). Especially in
KICH and UVM, there was a strongly positive relation-
ship between CCNE1 and ICP gene expression. These
findings revealed that CCNE1 influenced PRAD, KIRP,
BRCA, KIRC, THCA, LGG, KICH, and UVM sensitivity
to immune checkpoint inhibitor therapies, and patients
with high levels of CCNE1 expression may have a poor
response to immunotherapies targeting genes involved in
ICP in TGCTs. Moreover, we further investigated the link
between CCNEL1 expression and TIICs in UCEC with the
TCGA dataset via ImmuCellAl. These findings suggested
that the expression level of CCNE1 was positively related
to the infiltration of DCs, macrophages and gamma delta
cells and negatively related to the infiltration of NK, CD4
T, CD4 naive, Trl, iTreg, nTreg, Th2, Th17, Tfh and cen-
tral memory cells (Figure S4A-B). Moreover, we further
analyzed the correlation between CCNE1 expression and
tumor purity, B cell, CD8+cell, CD4+cell, macrophage,
neutrophil and dendritic cell (DC) in UCSC, LUSC, SARC
and STAD via the TIMER portal. The results showed that
CCNEL expression level was negatively correlated with
the infiltration of CD8+T cell, macrophage and DC cell,
and positively correlated with the infiltration of neutrophil
in UCEC (Figure S5A). In LUSC, CCNE1 expression was
negatively correlated with the infiltration of B cell, CD8+T
cell, macrophage, neutrophil and DC cell (Figure S5B). In
SARC, CCNE1 expression was negatively related to the
infiltration of CD4+T cell (Figure S5C). In STAD, CCNE1
expression was negatively associated with the infiltration of
B cell, CD8+T cell, CD4+T cell, macrophage, neutrophil
and DC cell (Figure S5D). As a result, CCNE1 mediates the
regulation of ICP genes and acts as a promising target for
immunotherapy for tumors including UCEC.

CCNE1 promotes the proliferation, migration and invasion
of UCEC cells

To confirm the bioinformatics results, experimental
verification of the results of the functional enrichment
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analysis was needed. Proliferation, migration, and inva-
sion experiments were conducted on two classical UCEC
cell lines, HEC-1A and HEC-1B. The expression of
CCNEL1 in HEC-1A and HEC-1B cell lines was knocked
down using siRNA. Western blotting and RT-qPCR
were used to confirm the efficiency of CCNE1 knock-
down (Fig. 9A and C). CCNE1 knockdown significantly
reduced cell proliferation as determined by CCK-8 and
EdU assays (Fig. 9B, D and E-F). Furthermore, CCNE1
knockdown significantly reduced the migration and inva-
sion abilities of HEC-1A and HEC-1B cells (Fig. 9G-H).
Thus, the role of CCNEL in the regulation of cell prolif-
eration, migration and invasion in the development of
UCEC was experimentally validated.

Discussion

The overexpression of CCNE1 has been well documented in
a variety of human tumors, including breast, ovarian, liver
and lung cancers [6-10]. It is thought that CCNE1 overex-
pression results in ineffective DNA replication, premature
entry into S-phase, and genomic instability and is essen-
tial for tumor cell proliferation. Human cancers frequently
express cell cycle regulators at high levels, which conceiv-
ably could be a result of a higher mitotic index [7, 8].

In our research, we explored whether the mRNA expres-
sion of CCNE1 was increased in multiple tumors compared
with normal tissues, including ACC, BRCA, BLCA, CHOL,
COAD, CESC, ESCA, HNSC, GBM, KIRC, KIRP, KICH,
LGG, LUAD, LUSC, LIHC, OV, PRAD, PAAD, READ,
STAD, SKCM, THCA, TGCT, UCEC and UCS. This sug-
gested that CCNE1 may play an oncogene role in these
tumors, driving the occurrence and development of these
tumors. The levels of CCNE1 expression were shown to
be significantly associated with tumor grade in UCEC and
tumor stage across cancers, including ACC, HNSC, KIRC,
KIRP, KICH and LIHC. Then, prognosis analysis demon-
strated that high mRNA levels of CCNE1 were associated
with poor OS in ACC, BRCA, KIRC, KIRP, LGG, LIHC,
LUAD and MESO. Cox analysis also showed that CCNE1
expression was a factor influencing OS in patients with
multiple types of cancers, including KIRP, KIRC, MESO,
KICH, LGG, ACC, LUAD, UCEC, SKCM, PAAD and
LIHC. These findings revealed that high CCNE1 expres-
sion was related to a poor prognosis in numerous cancers,
including UCEC. Zhu et al. found that SENP1 could pro-
mote STC1 expression and upregulated CCNE1 through
driving the small ubiquitin-like modifier (SUMO)ylation
of HIF-1a, which facilitated the malignant phenotypes of
Wilms tumor cells [32]. And Ma et al. revealed that CCNE1
can promote progression and is associated with poor prog-
nosis in lung adenocarcinoma [33]. These findings further
suggested that CCNE1 has great potential to be developed
as a predictor of tumor prognosis.



Zheng et al. Hereditas (2023) 160:13

A B
2 s HEC-1A
2 FrrTy ~ 37— si-NC
5 E — si-CCNE1#1
cone: [ S W] g SR
g g
gos carpn[ === | £
2., 5 S 2
20 D o 3 3 p<0.0001
uéj@\& ;«é\@ v o1z 3 4 s
_(,C & Time/Day
E & ¥
Hoechst Merged
o - - -
Z.
prs
-
=
z
O
<
o
=
=
z
O
<
@
G si-CCNE1#1 s1-CCNE1#2
< £ ¥
—
o E
2 S
= g
£
Q §
=z .
80

-3
o

100

»
S

50

HEC-1A(invasion)
3

Number of cells

HEC-1A(migration)
Number of cells

0

O

K

e\éé@
<

¥ ¥ &

@\%

Fig. 9 The biological functions of CCNE1 inUCEC. Verification of knockdown efficiency of CCNET in HEC-1A (A) and HEC-1

NC

si-CCNE1#1

Page 150f 17

C D
< HEC-1B - 3%)—siNC
S E |—si-CCNEI#
2 % 2 si-CCNE1#2
: commw §
gos E
& GAPDH == == — ] 5
= oo N
e oD p 28 <0.0001
o ,éo@\**\\% s ol —
o < @ oé QC Ooé o 1 2 3 4 5
& ;\«C‘ ¥ ¥ Time/Day
Hoechst Merged
3+
-
=
z
Q
H - si-CCNE1#1 si-CCNE1#1
o > Sl ’
2% PE 0y
3 E G
2 5 | HoTven
=== Pl M
B = LR
- 2 o Py
U w i ' 2 Al
g £ e
T £ §
—~ - 2
= @ = =
Ch—] =] N
s z Q60
® 9100 &
S zZ ©
‘E =} = : 40 -
E é: 50 v E 2 wnk
- 2 O E 2
Q £ 2 =
= 2 o o - Tz,
S S
pfonteo F¥ S
SO C (Y
¥ ¥y

B (C) cell lines via

RT-gPCR and western blot. The biological functions of CCNET on UCEC cell lines were verified by CCK-8 (B and D), EdU (E-F) and Transwell (G-H)

experiments. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001

Moreover, the methylation levels of the CCNE1 pro-
moter were lower in BLCA, CESC, HNSC, ESCA, LUSC,
LIHC and READ and higher in BRCA, KIRP, KIRC,
PRAD, PCPG and THCA than in corresponding normal
tissues, suggesting that CCNE1 promoter methylation
may lead to its downregulation or upregulation in vari-
ous tumor tissues and that low methylation levels of the
CCNE1 promoter may be related to abnormally high
CCNE1 expression in UCEC. GO and KEGG enrich-
ment analyses of CCNEl-related genes demonstrated
that CCNEL1 expression was significantly associated with
to the cell cycle, metabolism and DNA damage repair in
UCEC patients. Additionally, patients with tumors free of

CCNE1 mutations had better OS prognoses than patients
with modifications, indicating that CCNE1 may have an
oncogenic function in various tumors. This further indi-
cated that CCNEL acted as an oncogene in a variety of
tumors and has the potential to be a indicator of tumor
prognosis.

Consequently, TIICs play an important role in the
development, progression, and management of can-
cers as a prominent part of the immune microenvi-
ronment [26, 27]. There were significant correlations
between CCNE1 mRNA and several TIICs across can-
cers, including UCEC. In PRAD, LAML, LGG, KICH
and UVM, there was a positive association between
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CCNE1 mRNA expression and TIICs, whereas in GBM,
LUSC, BLCA, TGCT, CESC, SARC, COAD, STAD,
SKCM, HNSC, ACC, and PCPG, there was a negative
correlation. The impacts of CCNE1 on the immunother-
apy sensitivity of cancer patients were then evaluated.
According to TMB, MSI, neoantigen, and ICP analyses,
CCNE1 may be a potential therapeutic target, particu-
larly for immunotherapy, for a variety of tumor types.
In vitro assays also revealed that CCNE1 knockdown
reduced the proliferation and invasion abilities of HEC-
1A and HEC-1B cells. On the basis of these findings,
CCNE1 was hypothesized to be a factor that promotes
the development and progression of multiple cancers,
particularly UCEC.

Conclusion

These findings suggest that CCNE1 may be a crucial
prognostic marker and a promising indicator of immuno-
therapy sensitivity in individuals with malignant tumors,
including UCEC. In particular, CCNE1 knockdown sup-
pressed the malignant phenotype of UCEC. CCNE1 may
be a potential therapeutic target in UCEC.

Abbreviations
ACC Adrenocortical carcinoma

BLCA Bladder urothelial carcinoma

BRCA Breast invasive carcinoma

CESC Cervical squamous cell carcinoma and endocervical
adenocarcinoma

CHOL Cholangiocarcinoma

COAD Colon adenocarcinoma

ESCA Esophageal carcinoma

GBM Glioblastoma multiforme

HNSC Head and neck cancer

KICH Kidney chromophobe

KIRC Kidney renal clear cell carcinoma

KIRP Kidney renal papillary cell carcinoma

LAML Acute myeloid leukemia

LGG Brain lower grade glioma

LIHC Liver hepatocellular carcinoma

LUAD Lung adenocarcinoma

LUsC Lung squamous cell carcinoma

0S Overall survival

ov Ovarian serous cystadenocarcinoma

PAAD Pancreatic adenocarcinoma

PRAD Prostate adenocarcinoma

READ Rectum adenocarcinoma

SKCM Skin cutaneous melanoma

STAD Stomach adenocarcinoma

TGCT Testicular germ cell tumors

THCA Thyroid carcinoma

UCEC Uterine corpus endometrial carcinoma

ucs Uterine carcinosarcoma

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/s41065-023-00273-0.

[ Additional file 1. Supplementary figures. }

Page 16 of 17

Acknowledgements

Support was also received from National Nature Science Foundation of China
(Nos. 82172626), from Tianjin Health Commission (Nos.TJWJ2022XK009) and
from Tianjin Municipal Science and Technology Bureau (Nos. 20JCZDJC00330).
The project was also funded by Tianjin Key Medical Discipline (Specialty)
Construction Project (Nos.TJYXZDXK-031A).

Authors’ contributions

XZ,LC and WL contributed equally to this study and made substantial contri-
butions to conception and design, reply to the review comments, acquisition
and analysis of data. SZ and YY performed the experiments and was involved
in drafting the article. JZ and WT were mainly responsible for editing the data
and revised the article critically. YW had given final approval of the version to
be published. All authors read and approved the final manuscript. XZ, LC and
WL are co-first authors.

Funding

The project was supported by the grant (Nos. 82172626) from National Nature
Science Foundation of China, by grant (Nos. 20JCZDJC00330) from Tianjin
Municipal Science and Technology Bureau and by grant (Nos.TJWJ2022XK009)
from Key Research Program Tianjin Health Commission.

Availability of data and materials
The datasets used and/or analyzed during the present study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 December 2022 Accepted: 1 March 2023
Published online: 24 March 2023

References

1. Patch AM, Christie EL, Etemadmoghadam D, Garsed DW, George J,
Fereday S, Nones K, Cowin P, Alsop K, Bailey PJ, et al. Whole-genome char-
acterization of chemoresistant ovarian cancer. Nature. 2015;521:489-94.

2. Rosen DG, Yang G, Deavers MT, Malpica A, Kavanagh JJ, Mills GB, Liu J.
Cyclin E expression is correlated with tumor progression and predicts a
poor prognosis in patients with ovarian carcinoma. Cancer-Am Cancer
Soc. 2006;106:1925-32.

3. Nakayama K, Rahman MT, Rahman M, Nakamura K, Ishikawa M, Katagiri H,
Sato E, Ishibashi T, lida K, Ishikawa N, Kyo S. CCNE1 amplification is associ-
ated with aggressive potential in endometrioid endometrial carcinomas.
Int J Oncol. 2016;48:506-16.

4. Cherniack AD, Shen H, WalterV, Stewart C, Murray BA, Bowlby R, Hu X,
Ling S, Soslow RA, Broaddus RR, et al. Integrated Molecular Characteriza-
tion of Uterine Carcinosarcoma. Cancer Cell. 2017;31:411-23.

5. Zhao'S, Choi M, Overton JD, Bellone S, Roque DM, Cocco E, Guzzo F,
English DP, Varughese J, Gasparrini S, et al. Landscape of somatic single-
nucleotide and copy-number mutations in uterine serous carcinoma.
Proc Natl Acad Sci U S A. 2013;110:2916-21.

6. XuH, George E, Kinose Y, Kim H, Shah JB, Peake JD, Ferman B, Medve-
dev S, Murtha T, Barger CJ, et al. CCNE1 copy number is a biomarker for
response to combination WEET-ATR inhibition in ovarian and endome-
trial cancer models. Cell Rep Med. 2021;2: 100394.

7. Turner NC, LiuY, Zhu Z, Loi S, Colleoni M, Loibl S, DeMichele A, Harbeck N,
Andre F, Bayar MA, et al. Cyclin E1 Expression and Palbociclib Efficacy in
Previously Treated Hormone Receptor-Positive Metastatic Breast Cancer. J
Clin Oncol. 2019;37:1169-78.

8. AzizK, Limzerwala JF, Sturmlechner |, Hurley E, Zhang C, Jeganathan KB,
Nelson G, Bronk S, Fierro VR, van Deursen EJ, et al. Ccnel Overexpression


https://doi.org/10.1186/s41065-023-00273-0
https://doi.org/10.1186/s41065-023-00273-0

Zheng et al. Hereditas

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

(2023) 160:13

Causes Chromosome Instability in Liver Cells and Liver Tumor Develop-
ment in Mice. Gastroenterology. 2019;157:210-26.

Yang R, Xing L, Zheng X, SunY, Wang X, Chen J. The circRNA circAGFG1
acts as a sponge of miR-195-5p to promote triple-negative breast cancer
progression through regulating CCNET expression. Mol Cancer. 2019;18:4.
Zhu'S, Zhang J, Gao X, Tang X, Cui Y, Li D, Jia W. Silencing of long
noncoding RNA MYLK-AS1 suppresses nephroblastoma via down-
regulation of CCNE1 through transcription factor TCF7L2. J Cell Physiol.
2021,236:5757-70.

. Wei C,Wang B, Peng D, Zhang X, Li Z, Luo L, He Y, Liang H, Du X, Li S,

et al. Pan-Cancer Analysis Shows That ALKBHS Is a Potential Prognostic
and Immunotherapeutic Biomarker for Multiple Cancer Types Including
Gliomas. Front Immunol. 2022;13: 849592.

Tang Z,Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced web server
for large-scale expression profiling and interactive analysis. Nucleic Acids
Res. 2019;47:W556-60.

LiQ PanY, Cao Z, Zhao S. Comprehensive Analysis of Prognostic Value
and Immune Infiltration of Chromobox Family Members in Colorectal
Cancer. Front Oncol. 2020;10: 582667.

Chandrashekar DS, Karthikeyan SK, Korla PK, Patel H, Shovon AR, Athar
M, Netto GJ, Qin ZS, Kumar S, Manne U, et al. UALCAN: An update to the
integrated cancer data analysis platform. Neoplasia. 2022,25:18-27.

Wu Z, Lei K, Xu S, He J, Shi E. Establishing a Prognostic Model Based on
Ulceration and Immune Related Genes in Melanoma Patients and Identi-
fication of EIF3B as a Therapeutic Target. Front Immunol. 2022;13: 824946.
Wu P, Heins ZJ, Muller JT, Katsnelson L, de Bruijn I, Abeshouse AA, Schultz
N, Fenyo D, Gao J. Integration and Analysis of CPTAC Proteomics Data in
the Context of Cancer Genomics in the cBioPortal. Mol Cell Proteomics.
2019;18:1893-8.

Liefeld T, Reich M, Gould J, Zhang P, Tamayo P, Mesirov JP. GeneCruiser:

a web service for the annotation of microarray data. Bioinformatics.
2005;21:3681-2.

Franz M, Rodriguez H, Lopes C, Zuberi K, Montojo J, Bader GD, Morris Q.
GeneMANIA update 2018. Nucleic Acids Res. 2018;46:W60-4.

Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, Doncheva
NT, Legeay M, Fang T, Bork P, et al. The STRING database in 2021: custom-
izable protein-protein networks, and functional characterization of user-
uploaded gene/measurement sets. Nucleic Acids Res. 2021;49:D605-12.
ZhouY, Zeng P, Li YH, Zhang Z, Cui Q. SRAMP: prediction of mammalian
N6-methyladenosine (M6A) sites based on sequence-derived features.
Nucleic Acids Res. 2016;44: €91.

Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics: analyzing multi-
omics data within and across 32 cancer types. Nucleic Acids Res.
2018;46:0956-63.

Miao YR, Zhang Q, Lei Q, Luo M, Xie GY, Wang H, Guo AY. ImmucCellAl: A
Unique Method for Comprehensive T-Cell Subsets Abundance Predic-
tion and its Application in Cancer Immunotherapy. Adv Sci (Weinh).
2020;7:1902880.

Saghafinia S, Mina M, Riggi N, Hanahan D, Ciriello G. Pan-Cancer Land-
scape of Aberrant DNA Methylation across Human Tumors. Cell Rep.
2018;25:1066-80.

Koch A, Joosten SC, Feng Z, de Ruijter TC, Draht MX, Melotte V, Smits KM,
Veeck J, Herman JG, Van Neste L, et al. Analysis of DNA methylation in
cancer: location revisited. Nat Rev Clin Oncol. 2018;15:459-66.

Peng D, Wei C, Zhang X, Li S, Liang H, Zheng X, Jiang S, Han L. Pan-cancer
analysis combined with experiments predicts CTHRC1 as a therapeutic
target for human cancers. Cancer Cell Int. 2021;21:566.

Fridman WH, Galon J, Dieu-Nosjean MC, Cremer |, Fisson S, Damotte

D, Pages F, Tartour E, Sautes-Fridman C. Immune infiltration in human
cancer: prognostic significance and disease control. Curr Top Microbiol
Immunol. 2011;344:1-24.

Azimi F, Scolyer RA, Rumcheva P, Moncrieff M, Murali R, McCarthy SW, Saw
RP, Thompson JF. Tumor-infiltrating lymphocyte grade is an independ-
ent predictor of sentinel lymph node status and survival in patients with
cutaneous melanoma. J Clin Oncol. 2012;30:2678-83.

Picard E, Verschoor CP, Ma GW, Pawelec G. Relationships Between
Immune Landscapes, Genetic Subtypes and Responses to Immunother-
apy in Colorectal Cancer. Front Immunol. 2020;11:369.

Goodman AM, Sokol ES, Frampton GM, Lippman SM, Kurzrock R.
Microsatellite-Stable Tumors with High Mutational Burden Benefit from
Immunotherapy. Cancer Immunol Res. 2019;7:1570-3.

30.

31

32.

33.

Page 17 of 17

Li L, Goedegebuure SP, Gillanders WE. Preclinical and clinical develop-
ment of neoantigen vaccines. Ann Oncol. 2017;28:i11-7.

Schizas D, Charalampakis N, Kole C, Economopoulou P, Koustas E, Gkotsis
E, Ziogas D, Psyrri A, Karamouzis MV. Immunotherapy for pancreatic
cancer: A 2020 update. Cancer Treat Rev. 2020;86: 102016.

Zhu S, Hu J, CuiY, Liang S, Gao X, Zhang J, Jia W. Knockdown of SENP1
inhibits HIF-1alpha SUMOylation and suppresses oncogenic CCNE1 in
Wilms tumor. Mol Ther Oncolytics. 2021;23:355-66.

Ma G, Yang L, Dong J, Zhang L. CCNE1 Promotes Progression and is
Associated with Poor Prognosis in Lung Adenocarcinoma. Curr Pharm
Biotechnol. 2022;23:1168-78.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	CCNE1 is a predictive and immunotherapeutic indicator in various cancers including UCEC: a pan-cancer analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Analysis of CCNE1 mRNA expression and survival prognosis
	DNA methylation analysis and genetic alteration analysis
	CCNE1 and its binding protein analysis and m6A analysis
	CCNE1-related gene enrichment analysis
	Immune cell infiltration analysis
	Cell culture
	siRNA delivery, reverse transcription (RT) and quantitative polymerase chain reaction (qPCR)
	Western blotting
	CCK-8 assay
	5-Ethynyl-2’-deoxyuridine (EdU) assay
	Transwell assay
	Statistical analysis

	Results
	CCNE1 mRNA expression analysis
	Analysis of CCNE1 expression and prognosis
	Analysis of CCNE1 DNA methylation
	Analysis of CCNE1 genetic alterations in different cancers, including UCEC
	The interactions between CCNE1 and its binding proteins
	The interactions between CCNE1 and the m6A modification of CCNE1 mRNA
	Analysis of CCNE1-related genes in UCEC
	CCNE1 expression and immunity in across cancers, including UCEC
	CCNE1 promotes the proliferation, migration and invasion of UCEC cells

	Discussion
	Conclusion
	Anchor 33
	Acknowledgements
	References


