Am J Cancer Res 2023;13(9):4376-4400
www.ajcr.us /ISSN:2156-6976/ajcr0151653

Original Article

Investigating novel biomarkers in

uterine corpus endometrial carcinoma:

in silico analysis and clinical specimens

validation via RT-gPCR and immunohistochemistry

Jie Lit, Faigah Ramzan?, Guiping Zhong?

1Health Management Center, The Second Affiliated Hospital of Hainan Medical University, Haikou 570311,
Hainan, China; 2Gomal Center of Bio-Chemistry and Biotechnology (GCBB), Gomal University, Dera Ismail Khan
29050, Pakistan

Received June 8, 2023; Accepted August 17, 2023; Epub September 15, 2023; Published September 30, 2023

Abstract: The rising incidence and mortality rate of Uterine Corpus Endometrial Carcinoma (UCEC) pose significant
health concerns. CC and CXC chemokines have been linked to tumorigenesis and cancer progression. Recognizing
the growing significance of CC and CXC chemokines’ diagnostic and prognostic significance in diverse cancer types,
our objective was to comprehensively analyze the diagnostic and prognostic values of hub genes from the CC and
CXC chemokines in UCEC, utilizing both in silico and clinical samples and cell lines-based approaches. In silico anal-
yses include STRING, Cytoscape, Cytohubba, The Cancer Genome Atlas (TCGA) datasets analysis via the UALCAN,
GEPIA, OncoDB, and MuTarget, SurvivalGenie, MEXPRESS, cBioPoratal, TIMER, ENCORI, and DrugBank. Meanwhile,
clinical samples and cell lines based analyses include Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR), targeted bisulfite sequencing (bisulfite-seq) analysis, and immunohistochemistry (IHC). Through present
study, we identified CCL25 (CC motif chemokine ligand 25), CXCL10 (C-X-C motif chemokine ligand 10), CXCL12
(C-X-C motif chemokine ligand 12), and CXCL16 (C-X-C motif chemokine ligand 16) as crucial hub genes among
the CC and CXC chemokines. Analyzing the expression data from TCGA, we observed a significant up-regulation
of CCL25, CXCL10, and CXCL16 in UCEC samples compared to controls. In contrast, we noted a significant down-
regulation of CXCL12 expression in UCEC samples. On clinical UCEC samples and cell lines analysis, the significant
higher expression of CCL25, CXCL10, and CXCL16 and significant lower expression of CXCL12 were also denoted
in UCEC samples than the controls via RT-qPCR and IHC analyses. Moreover, in silico analysis also confirmed the
abnormal promoter methylation levels of the hub genes in TCGA UCEC samples, which was later validated by the
clinical samples using targeted based bisulfite-seq analysis. In addition, various additional aspects of the CCL25,
CXCL10, CXCL12, and CXCL16 have also been uncovered in UCEC during the present study. Our findings offer novel
insights that contribute to the clinical utility of CCL25, CXCL10, CXCL12, and CXCL16 chemokines as potential diag-
nostic and prognostic biomarkers in UCEC.
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Introduction Despite the advancements in the diagnosis and
management of UCEC, it remains a significant
health issue, primarily due to the lack of reliable
diagnostic and prognostic biomarkers [5, 6].

The identification of novel biomarkers could

Uterine Corpus Endometrial Carcinoma (UCEC)
is one of the most common gynecologic can-
cers affecting women today [1]. It refers to can-

cer that develops in the lining of the uterus or
endometrium [2, 3]. According to the National
Cancer Institute, there were approximately
61,880 new cases of endometrial cancer in the
United States in 2021, and the mortality rate is
reported to be around 12,160 [4].

help in early detection, improved risk assess-
ment, and personalized treatment options for
women with UCEC [7]. The current diagnostic
methods for UCEC include endometrial biopsy,
dilation and curettage, and imaging tests [8].
However, these methods are prone to diagnos-
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tic error. Hence, there is a need for specific bio-
markers that could detect UCEC more sensi-
tively. Additionally, prognostic biomarkers are
needed to identify patients with more aggres-
sive disease who may benefit from more
aggressive treatment.

The intricate interplay between the immune
system and cancer progression has emerged
as a captivating area of exploration, garnering
considerable attention and extensive research
efforts throughout the years [9]. Chemokines,
classified as a group of cytokines, are produced
by various cell types such as tumor cells, leuko-
cytes, immune cells, and others. These mole-
cules have been recognized for their crucial
role in modulating inflammation and immune
responses [10]. Chemokines can be catego-
rized into four primary subgroups (CXC, CC, C,
and CX3C) based on the number and position
of the first two conserved cysteine residues
located at the N terminus [11]. Chemokines are
also classified into distinct subsets based on
their functions and expression patterns, name-
ly homeostatic and inflammatory chemokines
[12]. Inflammatory chemokines are typically
induced during instances of inflammation and
are expressed by various cell types, including
leukocytes [12]. These chemokines play a cru-
cial role in facilitating the recruitment of inflam-
matory leukocytes to the site of tissue damage
or inflammation [13, 14]. In contrast, homeo-
static chemokines exhibit continuous expres-
sion in specific tissues even in the absence of
obvious activating stimuli [12]. These chemo-
kines play a vital role in regulating cellular traf-
ficking and maintaining the proper functioning
of immune surveillance systems [13-15]. CC
and CXC chemokines play critical roles in tumor
angiogenesis, growth, invasion, and metasta-
sis, showcasing their significance in these pro-
cesses [11, 16].

Recent studies have delved into the examina-
tion of expression patterns, diagnostic, and
prognostic implications of CXC and CC chemo-
kine member in diverse human cancers, such
as colon cancer, gastric cancer, hepatocellular
carcinoma, and non-small-cell lung cancer [17-
22]. Therefore, the objective of this study was
to perform a comprehensive analysis, combin-
ing in silico and in vitro approaches, to uncover
the diagnostic and prognostic significance of
the complete CXC and CC chemokine families
in UCEC.
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Methodology

UCEC and normal control tissue samples col-
lection

Following the approval of the ethics committee
at the Gomal University, Dera Ismail Khan,
Pakistan, we conducted a prospective collec-
tion of 25 pairs of UCEC tissue samples diag-
nosed with endometrioid carcinoma (EC) and
corresponding normal tissues from patients
who visited the Institute of Nuclear Medicine,
Oncology and Radiotherapy Hospital and Ayub
Medical Complex between August 2022 and
May 2023. Prior to their participation, all indi-
viduals provided informed consent by signing
consent forms. All patients included in the
study were diagnosed with UCEC and had not
undergone adjuvant or neoadjuvant therapy
prior to surgery.

Construction of the CC and CXC families mem-
ber PPl and the selection of hub genes

Utilizing the STRNG (https://string-db.org/)
database [23], we generated protein-protein
interaction (PPI) networks for Member of the
CC and CXC chemokine Families. Subsequen-
tly, the Cytohubba function [24] within the
Cytoscape tool was employed to screen the
critical module and identify the hub genes. To
ensure a comprehensive selection of hub
genes, we applied four distinct scoring algo-
rithms: the maximum neighborhood compo-
nent (MNC), the density of the maximum neigh-
borhood component (DMNC), the maximal
clique centrality (MCC), and the Degree of the
Cytohubba [25]. Each algorithm brought a
unique perspective to the network analysis.
Through a consensus approach, the shared top
four genes that emerged from these four algo-
rithms were meticulously chosen as the hub
genes. This methodological blend of multiple
scoring algorithms minimized bias and in-
creased the robustness of our findings.

UALCAN database

The UALCAN database (http://ualcan.path.uab.
edu/) offers comprehensive analysis of cancer-
related omics data sourced from The Cancer
Genome Atlas (TCGA) and MET500 databases
[26]. The mRNA expression levels of the identi-
fied hub genes in both UCEC and normal tis-
sues were examined utilizing the “TCGA gene
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analysis” module of the UALCAN database with
default settings. For statistical purpose, a stu-
dent t-test was employed in UALCAN.

GEPIA, OncoDB, and MuTarget databases

For additional validation of the expression of
hub genes in UCEC tissues and normal con-
trols, we utilized multiple online databases
including GEPIA (http://gepia.cancer-pku.cn/)
[27], OncoDB (https://oncodb.org/) [28], and
MuTarget (https://www.mutarget.com/) [29]
with defaults settings. These databases are
renowned platforms for cancer microarray-
based expression analysis, offering compre-
hensive results in the form of box plots. For sta-
tistical purpose, a student t-test was used by
these databases.

Survival analysis

SurvivalGenie (https://bbisr.shinyapps.winship.
emory.edu/SurvivalGenie/) is an innovative
tool used for survival analysis in biomedical
research [30, 31]. It offers a user-friendly inter-
face and robust statistical algorithms to ana-
lyze survival data, such as Kaplan-Meier
curves, Cox proportional hazards models, and
log-rank tests. With its intuitive features,
SurvivalGenie empowers researchers to gain
valuable insights into the survival outcomes of
patients in various studies, contributing to
advancements in clinical and translational
research. In this study, survival analysis of the
hub genes was performed using log-rank test
with default settings via SurvivalGenie.

MEXPRESS analysis

To assess the DNA promoter methylation levels
of the identified hub genes in UCEC patients,
we utilized the MEXPRESS (https://mexpress.
be) [32] database with defaults settings.
MEXPRESS is a powerful tool that visualizes
the correlations between patient clinical infor-
mation and promoter methylation levels across
TCGA datasets. For statistical purpose, a stu-
dent t-test was employed in MEXPRESS.

cBioPortal analysis

The cBioPortal (https://www.cbioportal.org/),
an online open-access platform [33, 34], was
utilized to perform multidimensional cancer
genomic analysis on TCGA cancer datasets.
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This database enables the querying of gene(s)
of interest and facilitates the exploration of
relevant alterations across over 5,000 cancer
samples from 20 different cancer studies. The
cBioPortal was conducted in this study with
default settings for analyzing genetic mutations
and co-express genes in UCEC patients.

Functional enrichment analysis

In this study, the functional enrichment analy-
sis of the hub genes was performed using the
GSEA program with defaults parameters. This
analysis included Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes
(KEGG) analyses. By considering the biological
characteristics of the studied protein or gene
list, the GSEA program identified relevant GO
terms and KEGG pathways [35]. For statistical
purpose, a student t-test was employed in
GSEA.

TIMER database

To evaluate the infiltration of immune cells with-
in tumors, the web-based TIMER database
(http://timer.cistrome.org/) [36] was employed
with default settings. This database employs
various algorithms to estimate the abundance
of immune cells across different types of can-
cer. In this research, the levels of immune cell
infiltration in UCEC were plotted against the
expression levels of the identified hub genes
to find Pearson correlation. For statistical pur-
pose, a student t-test was employed in TIMER.

miRNA network of the hub genes’

The ENCORI database (https://rnasysu.com/
encori/), known for its exploration of Micro-
RNA (miRNA)-Noncoding RNA (ncRNA) and
Messenger RNA (mRNA)-miRNA interactions
using CLIP-seq and degradome-seq interac-
tome data [37] was utilized in this study.
Specifically, the ENCORI database was em-
ployed with default parameters to construct
the miRNA network associated with the identi-
fied hub genes.

Hub genes’ drug prediction analysis

In the present study, we performed the
DrugBank (https://go.drugbank.com/) [38] re-
search to find the drugs related to the hub
genes because we believe that the identified
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hub genes can be interesting therapeutic
targets.

Experimental validation of the hub gene ex-
pression and methylation status on clinical
samples and cell lines

Cell line culturing: Two endometrial adenocarci-
noma cell lines, including AN3CA (HTB-111)
and HEC-1-A (HTB-112), while one normal endo-
metrial cell line HES, were purchased from
American Type Culture Collection (Manassas,
VA, USA). All cell lines were cultured in
Dulbecco’s modified Eagle’s medium (DMEM,;
Biochrom, Ltd., Berlin, Germany), supplement-
ed with 10% fetal calf serum (FCS; Biochrom,
Ltd.) and 1% penicillin/streptomycin  (P/S)
(Biochrom, Ltd.).

RNA and DNA extraction: The extraction of to-
tal RNA from both clinical tissue samples, cell
lines, and normal control samples was carried
out using the isopycnic centrifugation method
as previously described [36]. DNA extraction
was performed using the organic method [37].
The quality of the extracted RNA and DNA was
assessed using a 2100 Bioanalyzer (Agilent
Technologies, Germany).

Reverse transcription-quantitative polymerase
chain reaction (RT-gPCR) validation analysis of
hub genes

The specific protocols are as follows: First, the
PrimeScript™ RT reagent kit (Takara, Japan)
was used for reverse transcription of the
extracted RNA from tissue samples, AN3CA
(HTB-111) and HEC-1-A (HTB-112), and HES
cell lines into complementary DNA. Then, the
RT-gPCR was carried out on an ABI ViiA 7 Real
Time PCR System (Thermo Fisher, USA) with a
SuperReal SYBR Green Premix Plus (Tiangen
Biotech, China) as a fluorescent dye. GAPDH
was chosen as the internal reference in the
present study. All the experiments were in tripli-
cate independently. All the primers of each hub
gene are shown as following. The 2-AACt meth-
od was employed to evaluate the relative
expression of each hub gene [39]. For statisti-
cal purpose, a student t-test was employed on
RT-gPCR data.

GAPDHF 5-ACCCACTCCTCCACCTTTGAC-3’, GA-
PDHR 5-CTGTTGCTGTAGCCAAATTCG-3’ [40].
CCL25F 5-AAGGCCCAGAGTTACTATCGC-3’, CC-
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L25R  5-TCTTCATCCCAGCCTGAACC-3’  [41].
CXCL10F 5-GCTCAGGCTCGTCAGTTCTAAGT-3,
CXCL10R 5-GGAAGATGGTGGTTAAGTTCGTC-3’
[42]. CXCL12F 5-TCAGCCTGAGCTACAGATGC-
3, CXCL12R 5-CTTTAGCTTCGGGTCAATGC-3’
[43]. CXCL16F 5-CTGACTCAGCCAGGCAATGG-
3, CXCL16R 5-TGAGTGGACTGCAAGGTGGA-3’
[44].

RT-gPCR analysis of hsa-miR-744-5p expres-
sion

To analyze hsa-miR-744-5p expression in clini-
cal UCEC samples, we conducted RT-gPCR
using the PrimeScript® miRNA RT-PCR kit
(Takara) following the guidelines provided by
the manufacturer. All the experiments were in
triplicate independently. For normalization of
miRNA expression, U6 snRNA was utilized in
this analysis. The relative expression levels
were determined using the 2-AACt method [39]
and student t-test was used to evaluate differ-
ences in the expression levels between UCEC
and normal control group. Following primers
were used for the expression analysis of hsa-
miR-744-5p and UG.

UB-F 5-CTCGCTTCGGCAGCACA-3’, UG-R 5-AA-
CGCTTCACGAATTTGCGT-3’; Hsa-miR-744-5p-
F 5-AATGCGGGGCTAGGGCTA-3’, Hsa-miR-744-
5p-R 5’-GTGCAGGGTCCGAGGT-3’ [45].

Library preparation for targeted bisulfite se-
quencing analysis

In brief, total DNA (1 ug) was fragmented into
approximately 200-300 bp fragments using a
Covarias sonication system (Covarias, Woburn,
MA, USA). Following purification, the DNA frag-
ments underwent repair and phosphorylation
of blunt ends using a mixture of T4 DNA poly-
merase, Klenow Fragment, and T4 polynucleo-
tide kinase. The repaired fragments were then
3’ adenylated using Klenow Fragment (3-5
exo-) and ligated with adapters containing
5-methylcytosine instead of 5’-cytosine and
index sequences using T4 DNA Ligase. The con-
structed libraries were quantified using a Qubit
fluorometer with the Quant-iT dsDNA HS Assay
Kit (Invitrogen, Carlsbad, CA, USA) and sent to
Beijing Genomic Institute (BGI), China for tar-
geted bisulfite sequencing. Following sequenc-
ing, the methylation data was normalized into
beta values.

Am J Cancer Res 2023;13(9):4376-4400



UCEC-associated novel biomarkers

Immunohistochemical validation of the hub
genes in clinical samples

For this study, IHC staining was performed on
both UCEC and normal samples. The cancer
and normal tissues were fixed in formalin and
embedded in paraffin wax. Subsequently, sec-
tions of the tissues were obtained. The tissue
sections underwent a sequential treatment
with alcohol, starting with xylene, followed by a
series of decreasing alcohol concentrations
(100%, 95%, 90%, 80%, and 70%). Tissue
antigen retrieval was achieved through boiling
with sodium citrate buffer, while endogenous
peroxidase inhibitors were added to inhibit
peroxidase activity. To prevent non-specific
binding, the tissue sections were blocked in
5% goat serum for 1 hour. Following that, sepa-
rate drops of anti-CCL25, CXCL10, CXCL12,
and CXCL16 antibodies (dilution ratio: 1:300;
25285-1-AP, CXCL10/1P10, CXCL12/SDF-1,
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Figure 1. A PPI network of the CC and
CXC Families member genes and identi-
fied hub genes. (A, B) PPI networks of the
CC and CXC Families member genes and
(C) A PPI network of identified four hub
genes. PPI, Protein-protein interaction.

and MAB503-SP) were applied onto the sec-
tions and incubated overnight at 4°C. Sub-
sequently, secondary antibody (anti-rabbit)
was added and incubated. Afterward, diamino-
benzidine was introduced for color develop-
ment, followed by hematoxylin re-staining.
Finally, the staining results were assessed by
blocking and photographing the sections.

Results

Construction of the CC and CXC families” mem-
ber PPl and the selection of hub genes

To establish a threshold for interaction scores,
a minimum value of > 0.4 was selected. Sub-
sequently, proteins belonging to the CC and
CXC chemokine families were analyzed using
STRING to construct the PPI. The resulting PPI
network, as visually depicted in Figure 1A and
1B, revealed a remarkable interconnected-
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ness, featuring a total of 267 edges interlinking
38 distinct nodes. To identify the hub genes
within this network, we employed a combina-
tion of scoring algorithms, including MNC,
DMNC, MCC, and Degree, through the Cyto-
Hubba tool. The top four shared DEGs by these
4 algorithms were regarded, including CCL25
(CC motif chemokine ligand 25), CXCL10 (C-X-C
motif chemokine ligand 10), CXCL12 (C-X-C
motif chemokine ligand 12), and CXCL16 (C-X-C
motif chemokine ligand 16) were regarded as
the hub genes (Figure 1C).

Hub genes expression profiling via UALCAN

Having identified CCL25, CXCL10, CXCL12, and
CXCL16 as hub genes, we proceeded to ana-
lyze the expression levels of these genes in
TCGA UCEC samples and normal controls us-
ing the UALCAN database. This analysis provid-
ed insights into the differential expression pat-
terns of these hub genes in UCEC compared to
normal tissues. The analysis revealed that the
expression of CCL25, CXCL10, and CXCL16
was significantly up-regulated in UCEC sampl-
es compared to controls (Figure 2A, 2B).
Conversely, the hub gene CXCL12 showed a
notable down-regulation in UCEC samples
(Figure 2A, 2B). These careful observations
highlight a significant (P < 0.05) dysregulation
of these hub genes, suggesting that they might
play important roles in the complex develop-
ment of UCEC.

Additionally, when considering different clinical
variables such as cancer stage, race, age, and
menopause status, it was observed that the
expression levels of CCL25, CXCL10, and
CXCL16 were consistently higher (P < 0.05),
while the expression of CXCL12 was consis-
tently lower (P < 0.05) in UCEC patients relative
to the control samples (Figure 3). These results
not only show dysregulation of hub genes, but
also suggest that these genes could be useful
markers for UCEC patients of different clinical
variables.

Verification of the hub genes expression

To further validate the expression of the hub
genes, we conducted expression validation
analysis using additional TCGA datasets
through the GEPIA, OncoDB, and MuTarget
databases. The results, depicted in Figure
4A-D, demonstrated that the mRNA expression

4381

levels of CCL25, CXCL10, and CXCL16 were sig-
nificantly (P < 0.05) elevated in UCEC samples
compared to normal individuals. Conversely,
the mRNA expression of CXCL12 was notably (P
< 0.05) lower in UCEC samples. These remark-
able consistencies, observed across multiple
independent TCGA datasets, serve as a com-
pelling validation of our earlier findings, further
provided evidences of hub gene dysregulation
as a hallmark of UCEC pathogenesis.

Survival analysis of CCL25, CXCL10, CXCL12,
and CXCL16

In this study, we utilized the SurvivalGenie
tool to conduct survival analysis on CCL25,
CXCL10, CXCL12, and CXCL16 genes in UCEC
patients. The analysis revealed a significant (P
< 0.05) association between the dysregulation
of these genes and poor overall survival (0S) in
UCEC patients (Figure 5). This finding suggests
that alterations in the expression levels of
CCL25, CXCL10, CXCL12, and CXCL16 may
serve as prognostic indicators for UCEC
patients, highlighting the potential of these
genes as important prognostic biomarkers in
assessing OS and guiding clinical decision-
making in UCEC management.

Promoter methylation analysis of CCL25,
CXCL10, CXCL12, and CXCL16

To assess the potential influence of promoter
methylation on the dysregulation of CCL25,
CXCL10, CXCL12, and CXCL16 hub genes’
expression in UCEC, we examined their mRNA
expressions in relation to promoter methylation
using MEXPRESS. This analysis aimed to de-
termine whether the expression levels of
CCL25, CXCL10, CXCL12, and CXCL16 were
regulated by promoter methylation in UCEC or
not. Remarkably, our analysis revealed in-
triguing findings regarding the promoter meth-
ylation levels of the hub genes. Specifically, we
observed a significant (P < 0.05) hypomethyl-
ation in the promoters of CCL25, CXCL10, and
CXCL16 genes, whereas the promoter of
CXCL12 exhibited hypermethylation in UCEC
specimens compared to controls (Figure 6).
These results suggest that the higher expres-
sion of CCL25, CXCL10, and CXCL16, as well as
the lower expression of CXCL12, can be attrib-
uted to the abnormal promoter methylation lev-
els in UCEC. Thus, it can be concluded that the
dysregulation of these hub genes in UCEC is
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Figure 2. Expression profiling of the CCL25, CXCL10, CXCL12, and CXCL16 in UCEC samples paired with controls via UALCAN. (A) A heatmap of CCL25, CXCL10,
CXCL12, and CXCL16 hub genes in UCEC sample group and normal control group and (B) Box plot presentation of CCL25, CXCL10, CXCL12, and CXCL16 hub genes
expression in UCEC sample group and normal control group. A p-value less than 0.05 was considered as significant. UCEC, Uterine Corpus Endometrial Carcinoma.
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Figure 3. Expression profiling of CCL25, CXCL10, CXCL12, and CXCL16 in UCEC samples of different clinical variables relative to controls via UALCAN. (A) Expression
profiling of CCL25 in UCEC samples of different clinical variables, (B) Expression profiling of CXCL10 in UCEC samples of different clinical variables, (C) Expression
profiling of CXCL12 in UCEC samples of different clinical variables, and (D) Expression profiling of CXCL16 in UCEC samples of different clinical variables. A p-value
less than 0.05 was considered as significant. UCEC, Uterine Corpus Endometrial Carcinoma.
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Figure 4. Expression validation of CCL25, CXCL10, CXCL12, and CXCL16 using additional TCGA datasets. (A) Expression validation of CCL25, CXCL10, CXCL12,
and CXCL16 in UCEC and normal samples via GEPIA database, (B) Expression validation of CCL25, CXCL10, CXCL12, and CXCL16 in UCEC and normal samples
via OncoDB database, (C) Expression validation of CCL25, CXCL10, CXCL12, and CXCL16 in UCEC and normal samples via MuTarget database, and (D) Expression
heatmap of CCL25, CXCL10, CXCL12, and CXCL16 in UCEC and normal samples via MuTarget database. A p-value less than 0.05 was considered as significant.

UCEC, Uterine Corpus Endometrial Carcinoma.
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Figure 6. Methylation status exploration of CCL25, CXCL10, CXCL12, and CXCL16 via MEXPRESS in UCEC and
normal samples. (A) CCL25, (B) CXCL10, (C) CXCL12, and (D) CXCL16. A p-value less than 0.05 was considered as

significant. UCEC, Uterine Corpus Endometrial Carcinoma.

associated with their respective promoter
methylation patterns.

Mutational and co-express gene analyses of
CCL25, CXCL10, CXCL12, and CXCL16

Using the cBioPortal database, we conducted
mutational and co-express gene analyses for
CCL25, CXCL10, CXCL12, and CXCL16 in UCEC
patients. Among the analyzed UCEC samples,
the CCL25 gene exhibited the highest frequen-
cy of genetic alterations, observed in 2.1% of
the total samples (Figure 7A). In the analyzed
UCEC samples, the alteration rates for CXCL10,
CXCL12, and CXCL16 were found to be 0.8%,
1.7%, and 1.7% respectively. Additionally, it
was noted that deep amplification was the pre-
dominant factor contributing to the changes
observed in the analyzed hub genes (Figure
7A).

Additionally, by performing co-expressed gene
analysis, we calculated correlation coefficients
and identified that along with CCL25, MYBBP-
1A was a significant co-expressed gene in
UCEC samples (Figure 7B), while CARD11, TES,
and LRRC37B were the highly co-expressed
genes in UCEC samples with CXCL10, CXCL12,
and CXCL16, respectively (Figure 7B). These
close connections between genes show that
they might dysregulate together in UCEC
patients. This important information gives us a
hint about how these genes team up in the
development and progression of UCEC.

Functional enrichment analysis

GO and KEGG enrichment analyses of hub
genes (CCL25, CXCL10, CXCL12, and CXCL16)
were done with the help of DAVID tool. In this
study, “Nucleocytoplasmic transport complex,
CBM complex, and External side of plasma
membrane” were the major cellular compo-
nents (CC) of the hub genes (Figure 8A).
“CCR10 chemokine receptor binding, CXCR3
chemokine receptor binding, CXCR chemokine
receptor binding, and Guanylate kinase activity
etc.”, molecular functions (MFs) were mainly
associated with hub genes (Figure 8B), while
“Neg. reg. of leukocyte tethering and rolling,
Neg. reg. of leukocyte adhesion to vascular
endothelial cell, and Neg. reg. of extracellular

4388

extravasation etc.” were the primary biological
process (BP) of the hub genes (Figure 8C).
Moreover, KEGG pathways for the identified
hub genes are highlighted in Figure 8D, and
“Intestinal immune network for IgA produc-
tion, viral protein interaction with cytokine and
cytokine receptor, Chemokine signaling path-
ways etc.” were found to be involved in the
pathogenesis of UCEC.

Immune cells analysis of the CCL25, CXCL10,
CXCL12, and CXCL16

Subsequently, we utilized the “TIMER” tool to
explore the associations between immune
cell infiltration (CD8+ T cells, CD4+ T cells, and
macrophages) and the expression of hub gen-
es (CCL25, CXCL10, CXCL12, and CXCL16) in
UCEC samples. We observed a significant (P <
0.05) positive correlation between the expres-
sion of CCL25, CXCL10, CXCL12, and CXCL16
hub genes and the abundance of CD8+ T
immune cells in UCEC samples. Conversely,
there was a negative correlation between the
expression of these hub genes and the abun-
dance of CD4+ T and macrophage immune
cells in UCEC samples (Figure 9). This negative
correlation implies that the expression of
CCL25, CXCL10, CXCL12, and CXCL16 might
be associated with a reduction in the infiltra-
tion of CD4+ T immune cells and macrophages.
This phenomenon might be indicative of a
mechanism through which the tumor microen-
vironment could potentially evade immune
responses by modulating the expression of
these hub genes.

miRNA-mRNA interaction network and analysis
of hsa-mir-744-5p expression via RT-qPCR

Using ENCORI and Cytoscape, we created miR-
NA-mRNA co-regulatory networks for CCL25,
CXCL10, CXCL12, and CXCL16. In these net-
works, we identified a total of 85 miRNAs and
4 mRNAs (Figure 10). Notably, among these
networks, we discovered a single miRNA (hsa-
mir-744-5p) that targets all the hub genes
simultaneously. This finding leads us to specu-
late that the hsa-mir-744-5p and the hub genes
(CCL25, CXCL10, CXCL12, and CXCL16) may
collectively play a role as potential inducers of
UCEC.

Am J Cancer Res 2023;13(9):4376-4400
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Figure 7. Exploration of genetic alteration frequencies and co-express genes with hub gens in UCEC samples via
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Co-express genes with hub genes in UCEC groups. UCEC, Uterine Corpus Endometrial Carcinoma.
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Table 1. DrugBank-based hub genes-associated drugs

Sr. No Hub gene Drug name Effect Reference Group

1 CCL25 Methotrexate = Decrease expression of CCL25 mRNA A23201 Approved
Acetylcysteine A20451

2 CXCL10 Acetaminophen Decrease expression of CXCL10 mRNA A20426 Approved
Acteoside A20456
Cyclosporine A20661
Polydatin A20456

3 CXCL12 Belinostat Increase expression of CXCL12 mRNA A21037 Approved
Decitabine A21958
Mestranol A21106

4 CXCL16 Cyclosporine Decrease expression of CXCL16 mRNA A20661 Approved
Estradiol A21424

mMRNA, Messenger RNA; CCL25, CC motif chemokine ligand 25; CXCL10, C-X-C motif chemokine ligand 10; CXCL12, C-X-C motif

chemokine ligand 12; CXCL16, C-X-C motif chemokine ligand 16.

To validate hsa-miR-744-5p as a common regu-
lator of gene expression, we conducted RT-
gPCR to analyze its expression in clinical UCEC
sample group (n = 25) compared to the control
group (n = 25). Our analysis demonstrated a
significant decrease (P < 0.05) in the mRNA lev-
els of hsa-miR-744-5p in UCEC group when
compared to the control group (Figure 10C).

Drug prediction analysis of CCL25, CXCL10,
CXCL12, and CXCL16

In the context of UCEC treatment, the initial
approach typically involves medical interven-
tion. Therefore, the identification of suitable
candidate drugs becomes crucial. In our study,
we utilized the DrugBank database to investi-
gate potential drugs capable of reversing the
gene expression of the identified hub genes for
UCEC treatment. These drugs have been identi-
fied based on existing literature, computational
analyses, and their known interactions with
pathways associated with these hub genes.
Table 1 presents a range of drugs that have
the potential to modulate the expression of
CCL25, CXCL10, CXCL12, and CXCL16 during
the treatment of UCEC. However, it’s important
to note that while these drugs demonstrate
potential in silico and in vitro, their actual utility
in clinical settings for UCEC treatment remains
to be validated through rigorous experimental
testing.

RT-gPCR validation analysis of CCL25,
CXCL10, CXCL12, and CXCL16 in UCEC clinical
tissue samples and cell lines

In order to validate our bioinformatics analysis,
we performed an RT-qPCR experiment to quan-
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tify the mRNA expression levels of the hub
genes (CCL25, CXCL10, CXCL12, and CXCL16).
This analysis was conducted using 25 paired
UCEC tissue samples, as well as two endome-
trial adenocarcinoma cell lines (AN3CA, HTB-
111 and HEC-1-A, HTB-112), and one normal
endometrial cell line (HES). By directly measur-
ing the gene expression in these samples and
cell lines, we aimed to confirm the findings
obtained through our bioinformatics analysis.
Figure 11A, 11B presents our findings, which
demonstrate significant differences in the
expression levels of the four hub genes (CCL25,
CXCL10, CXCL12, and CXCL16) between the
UCEC tissue samples and their paired controls,
as well as in the UCEC cell lines and the normal
control cell line. Interestingly, we observed an
up-regulation of CCL25, CXCL10, and CXCL16,
while CXCL12 exhibited down-regulation in
both UCEC tissue samples and cell lines com-
pared to the corresponding controls (Figure
11A, 11B). Therefore, the experimental results
of this study have successfully validated the
bioinformatics-based findings, reinforcing the
significance of our study. This validation is of
utmost importance as it strengthens the reli-
ability and credibility of our bioinformatics pre-
dictions. The consistency between the experi-
mental and bioinformatics data provides strong
evidence to support the identified hub genes
and their regulatory networks.

Validation of the hub gene methylation status
on cell lines

The validation of methylation levels in the hub
gene was conducted through targeted bisulfite-
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Figure 11. Validating CCL25, CXCL10, CXCL12, and CXCL16 expressions and promoter methylation levels using UCEC tissue samples and cell lines paired with
controls via RT-gPCR and targeted bisulfite-seq analyses. (A) Relative expression profile of CCL25, CXCL10, CXCL12, and CXCL16 across UCEC tissue samples paired
with controls via RT-qPCR, (B) Relative expression profile of CCL25, CXCL10, CXCL12, and CXCL16 using UCEC cell lines paired with control via RT-qPCR, (C) Beta
values based promoter methylation based validation of CCL25, CXCL10, CXCL12, and CXCL16 across UCEC tissue samples paired with controls, and (D) IHC-based
differential expression of CCL25, CXCL10, CXCL12, and CXCL16 in UCEC and normal tissues. A p-value less than 0.05 was considered as significant. UCEC, Uterine
Corpus Endometrial Carcinoma; RT-gPCR, Reverse transcription-quantitative polymerase chain reaction.
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seq analyses of two endometrial adenocarci-
noma cell lines, namely AN3CA (HTB-111) and
HEC-1-A (HTB-112), along with a normal endo-
metrial cell line, HES. Beta values were utilized
to validate the methylation levels in this analy-
sis. The analysis results depicted in Figure
11C revealed notable differences in the beta
values of the hub genes CCL25, CXCL10,
CXCL12, and CXCL16 between the endometrial
cell lines and the control cell line. Specifically,
the beta values of CCL25, CXCL10, and CXCL16
were lower in the endometrial cell lines, while
the beta value of CXCL12 was higher compared
to the control cell line (Figure 11C).

CCL25, CXCL10, CXCL12, and CXCL16 gene
expression in UCEC was verified by IHC in clini-
cal samples

Upon analyzing the expression of CCL25,
CXCL10, CXCL12, and CXCL16 using IHC, we
observed distinct patterns in UCEC tissue
samples compared to normal controls. Spe-
cifically, we found an up-regulation of CCL25,
CXCL10, and CXCL16, indicated by medium
staining intensity, in UCEC samples relative to
normal counterpart. This suggests that these
hub genes might be involved in promoting or
facilitating UCEC development and progres-
sion. In contrast, CXCL12 expression was
down-regulated and not detected in the UCEC
samples relative to normal counterpart (Figure
11D). This finding implies that CXCL12 might
play a distinct role in UCEC pathogenesis com-
pared to the other hub genes.

Discussion

The molecular basis of UCEC remains largely
unclear due to its complex etiology and gene-
tic heterogeneity [46, 47]. Despite numerous
research endeavors to unravel its pathogene-
sis and identify prognostic biomarkers, the
prognosis for advanced UCEC remains unfavor-
able [48, 49]. Therefore, the objective of this
study was to investigate key molecules associ-
ated with the development, progression, and
prognosis of UCEC. In our present study, we
employed a multi-layer approach to investigate
the diagnostic and prognostic significance of
the entire CC and CXC chemokine families in
UCEC. Through our investigation, we discover-
ed that CCL25, CXCL10, CXCL12, and CXCL16
stood out as the hub genes within the CC and
CXC chemokine families. These particular
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genes were designated as hubs due to their
pivotal role and potential significance in UCEC.
The identification of these hub genes under-
scores their importance in the development
and advancement of the disease, shedding
light on their potential involvement in the un-
derlying mechanisms of UCEC. Moreover,
across UCEC TCGA, samples, clinical samples,
and cell lines, CCL25, CXCL10, and CXCL12
were remarkably increased, while CXCL12 was
decreased compared to normal specimens.
Additionally, our findings revealed that the hub
genes identified in this study can serve as a
reliable prognostic model for predicting the
overall survival (OS) of UCEC patients.

CCL25 plays a critical role in cancer progres-
sion and metastasis [50]. This chemokine is
primarily produced by the small intestine and
functions by binding to its receptor CCR9,
thereby regulating the migration and recruit-
ment of immune cells to the gut mucosa [51].
However, dysregulation of the CCL25/CCR9
axis has been observed in various cancers,
including colorectal, breast, and pancreatic
cancer [52, 53]. Studies have demonstrated
that overexpression of CCL25 promotes tumor
cell proliferation, invasion, and angiogenesis,
while inhibition or blockade of this chemokine
leads to reduced tumor growth and metas-
tasis [54]. For example, in breast cancer, the
CCL25/CCR9 interaction has been shown to
activate the Akt pathway, promoting cisplatin
resistance in cancer cells [55]. In pancreatic
cancer, the CCL25/CCR9 axis has been impli-
cated in promoting cell proliferation, invasion,
and metastasis [56]. Additionally, CCR9 expres-
sion has been identified as a prognostic marker
for stage Ill colon cancer patients undergoing
adjuvant chemotherapy [52], suggesting its
potential as a therapeutic target.

CXCL10, plays a crucial role in cancer biology
[57]. This chemokine is produced in response
to interferon-gamma stimulation and is involv-
ed in modulating immune responses [57].
CXCL10 acts by binding to its receptor CXCR3,
which is expressed on various immune cells
and tumor cells [58]. Studies have shown that
CXCL10 is dysregulated in several cancers,
including breast, colorectal, lung, and pancre-
atic cancer [59, 60]. Elevated CXCL10 expres-
sion has been associated with tumor growth,
angiogenesis, immune evasion, and metasta-
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sis [61]. It promotes the recruitment of immune
cells, such as T cells and natural killer cells, to
the tumor microenvironment, influencing anti-
tumor immune responses [62]. Moreover,
CXCL10 has been suggested as a potential bio-
marker for cancer prognosis and response to
therapy [63].

CXCL12 plays a critical role in cancer progres-
sion and metastasis [64]. This chemokine is
produced by stromal cells and acts through its
receptor CXCR4, which is expressed on cancer
cells [64]. Studies have shown that CXCL12
promotes cancer cell survival, migration, and
invasion by stimulating signaling pathways
involved in cell proliferation and cytoskeletal
rearrangement [65]. It also enhances the
recruitment of CXCR4-expressing cancer cells
to specific organs, known as pre-metastatic
niches, thereby facilitating the establishment
of metastasis [66, 67]. Furthermore, CXCL12
can influence the tumor microenvironment by
modulating immune responses, promoting
immunosuppression, and affecting the recruit-
ment and function of immune cells [66]. In
colorectal cancer, dysregulation of CXCL12
contributes to tumor growth, angiogenesis, and
poor prognosis [68]. In lung cancer, CXCL12
dysregulation is associated with increased
invasion, migration, and angiogenesis [69].
CXCL12 dysregulation is also observed in pan-
creatic cancer, promoting tumor growth, inva-
sion, and metastasis [70]. In prostate cancer,
dysregulated CXCL12 expression is linked to an
aggressive phenotype [71].

CXCL16, a transmembrane chemokine, plays a
multifaceted role in human cancer [72]. This
chemokine is expressed by various cell types,
including tumor cells, endothelial cells, and
immune cells [72]. CXCL16 functions through
its receptor, CXCR6, and is involved in tumor
growth, invasion, angiogenesis, and immune
responses [73]. Studies have shown that
CXCL16 expression is upregulated in several
cancer types, such as breast, colorectal, lung,
pancreatic, and prostate cancer. Elevated CXC-
L16 levels have been associated with aggres-
sive tumor behavior, including increased inva-
siveness and metastasis [74, 75]. CXCL16 is
also involved in tumor angiogenesis, promoting
the formation of new blood vessels to support
tumor growth [76]. Additionally, CXCL16 can
modulate immune responses by attracting
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immune cells to the tumor microenvironment,
potentially influencing antitumor immunity [76].

Regarding the mutational and methylation sta-
tuses of the CCL25, CXCL10, CXCL12, and
CXCL16 genes, it was observed that these
genes do not commonly undergo genetic muta-
tions in UCEC. However, aberrant promoter
methylation was found to be associated with
elevated expression of CCL25, CXCL10, and
CXCL16, and reduced expression of CXCL12.
Several earlier studies have shown that CCL25,
CXCL10, CXCL12, and CXCL16 genes are rela-
tively stable and do not undergo significant
genetic mutations [77, 78]. Consistent with pre-
vious studies, our findings align with the notion
that the genes CCL25, CXCL10, CXCL12, and
CXCL16 exhibit a lower frequency of genetic
mutations in individuals diagnosed with can-
cer. These results corroborate the existing evi-
dence suggesting a reduced incidence of muta-
tions in these specific genes among cancer
patients.

In this study, a noteworthy observation was
made regarding the regulatory influence of
hsa-mir-744-5p miRNA on the expression of
CCL25, CXCL10, CXCL12, and CXCL16 hub
genes in patients with UCEC. We found that
these genes were simultaneously regulated by
hsa-mir-744-5p, and their expression levels
were significantly associated with the infiltra-
tion of immune cells such as CD8+ T cells,
CD4+ T cells, and macrophages. Dysregulation
of hsa-mir-744-5p has emerged as a signifi-
cant molecular factor in cancer progression
[79]. Studies have revealed the involvement of
hsa-mir-744-5p in various cancer types, in-
cluding breast, lung, colorectal, and ovarian
cancer [80-83]. Dysregulated hsa-mir-744-5p
promotes tumor growth by targeting key genes
involved in cell cycle regulation, apoptosis,
and metastasis. Understanding the intricate
mechanisms of dysregulation and the down-
stream effects of hsa-mir-744-5p in cancer
holds promise for the development of targeted
therapies and diagnostic biomarkers. To our
understanding, this research presents the ini-
tial evidence highlighting the potential cancer-
promoting role of hsa-mir-744-5p miRNA in
relation to CCL25, CXCL10, CXCL12, and
CXCL16 hub genes in UCEC. This study repre-
sents the first of its kind to shed light on the
probable involvement of hsa-mir-744-5p in driv-
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ing cancer-related processes specifically asso-
ciated with these hub genes. By uncovering
this novel association, our findings contribute
to the expanding knowledge of the intricate
molecular mechanisms underlying UCEC devel-
opment. Further investigations are warranted
to fully elucidate the functional significance of
hsa-mir-744-5p and its potential implications
for targeted therapies in UCEC.

However, there were some limitations of the
present study. Firstly, validation analysis tho-
rugh gRT-PCR needs additional UCEC and
paired normal tissues samples. Secondly,
some more experiments, such as Western blot
and iTRAQ, should be performed in future stud-
ies to confirm the protein levels of hub genes in
UCEC.

Conclusion

This comprehensive study has led us to pro-
pose a model comprising four hub genes
belonging to the CC and CXC gene families,
which play a significant role in the initiation and
progression of UCEC. These hub genes hold
promising potential as reliable biomarkers for
the diagnosis, prognosis, and treatment of
UCEC patients. However, it is imperative to con-
duct further in-depth investigations to unravel
the critical pathogenic roles of these genes in
UCEC.
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