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Introduction: Zinc finger and SCAN domain-containing protein 18 (ZSCAN18)
has been investigated as a putative biomarker of multiple human cancers.
However, the expression profile, epigenetic modification, prognostic value,
transcription regulation, and molecular mechanism of ZSCAN18 in breast
cancer (BC) remain unknown.

Methods: In the study, we present an integrated analysis of ZSCAN18 in BC based
on public omics datasets with the use of multiple bioinformatics tools. Genes
potentially regulated through restoration of ZSCAN18 expression in MDA-MB-
231 cells were investigated to identify pathways associated with BC.

Results: We observed that ZSCAN18 was downregulated in BC and mRNA
expression was significantly correlated with clinicopathological parameters.
Low expression of ZSCAN18 was found in the HER2-positive and TNBC
subtypes. High expression of ZSCAN18 was associated with good prognosis. As
compared to normal tissues, the extent of ZSCAN18 DNA methylation was
greater with fewer genetic alterations in BC tissues. ZSCAN18 was identified as
a transcription factor that might be involved in intracellular molecular and
metabolic processes. Low ZSCAN18 expression was associated with the cell
cycle and glycolysis signaling pathway. Overexpression of ZSCAN18 inhibited
MRNA expression of genes associated with the Wnt/B-catenin and glycolysis
signaling pathways, including CTNNB1, BCL9, TSC1, and PFKP. ZSCAN18
expression was negatively correlated with infiltrating B cells and dendritic cells
(DCs), as determined by the TIMER web server and reference to the TISIDB.
ZSCAN18 DNA methylation was positively correlated with activated B cells,
activated CD8+ and CD4+ T cells, macrophages, neutrophils, and activated
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DCs. Moreover, five ZSCAN18-related hub genes (KDM6B, KAT6A, KMT2D,
KDM1A, and HSPBP1) were identified. ZSCAN18, ZNF396, and PGBD1 were
identified as components of a physical complex.

Conclusion: ZSCAN18 is a potential tumor suppressor in BC, as expression is
modified by DNA methylation and associated with patient survival. In addition,
ZSCAN18 plays important roles in transcription regulation, the glycolysis
signaling pathway, and the tumor immune microenvironment.
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Introduction

Breast cancer (BC) is the second leading cause of cancer-related
death in women worldwide (1, 2). Although tumor suppressor
genes normally act to inhibit cell proliferation and tumor
development, deletion and insertion mutations lead to frame
shifts in the DNA nucleotide sequence that can promote the
development of BC (3). DNA methylation is a common event in
the early development of various tumors. Therefore, targeting of
DNA methylation sites provides a new strategy for the treatment
of BC.

As the largest family of transcription factors (TFs) in the human
genome, zinc finger (ZNF) proteins play important roles in many
biological processes (4). The structure of ZNF proteins is stabilized
by one or more zinc ions, while transcription is regulated through
interactions of N-terminal domains with other proteins (5). Zinc
finger and SCAN domain-containing (ZSCAN) TFs constitute the
smallest and most recently defined subfamily of ZNF proteins (6).
Numerous studies have reported abnormal expression of ZSCAN
TFs in various malignant tumors. Notably, the activities of ZSCAN
TFs often vary among different tumor types and even within the
same tumor type. Recent studies have implicated ZSCAN TFs in
angiogenesis, apoptosis, cell differentiation, proliferation,
migration, and invasion, stem cell characteristics, and sensitivity
to chemotherapeutic drugs (7). Mutations, DNA methylation
status, alternative splicing events, and miRNA activities influence
the regulation of ZSCAN TFs. ZSCAN18 methylation is prevalent
and negatively correlated with expression in multiple human
cancers, and the potential of ZSCAN18 methylation as a marker
for tumor diagnosis and prognosis has been discovered. ZSCAN18
expression can be reversed in a variety of renal cancer cell lines after
treatment with demethylated drug. In a recent study, inactivation of
ZSCAN18 by DNA methylation drives the proliferation via
attenuating TP53INP2-mediated autophagy in gastric cancer.
Therefore, previous studies have linked ZSCANI18 to the
development of various human cancers (8-14). However, the role
of ZSCANI18 in BC remains unknown.
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Therefore, the aim of this study was to clarify the expression
profile of ZSCAN18 and the mechanisms underlying epigenetic
regulation in BC as a potential prognostic biomarker.

Materials and methods
Expression profile analysis

The mRNA expression of ZSCAN18 was analyzed by tumor
immune estimation resource (TIMER), the University of Alabama
at Birmingham cancer data analysis portal (UALCAN), and breast
cancer gene-expression miner (bc-GenExMiner). The mRNA
expression profile of ZSCAN18 in multiple human cancers was
investigated by the DiffExp module of TIMER (https://
cistrome.shinyapps.io/timer/), which study the differential
expression between tumor and adjacent normal tissues across all
the cancer genome atlas (TCGA) tumors (15). The ZSCANIS8
mRNA expression for primary tumor (1,097 cases) and normal
tissues (114 cases) was downloaded from UALCAN (http://
ualcan.path.uab.edu/) (16), which based on TCGA for breast
invasive carcinoma (TCGA-BRCA). Moreover, bc-GenExMiner
(http://breastcancergenex.ico.unicancer.fr/) (17) was used to assess
the mRNA expression of ZSCAN18 in healthy, tumor-adjacent, and
tumor cases, based on TCGA and GTEx dataset. The relationships
among ZSCAN18 expression and clinicopathological parameters
including age, hormone receptor (estrogen receptor (ER) and
progesterone receptor (PR)), human epidermal growth factor
receptor type 2 (HER2), basel-like, triple negative breast cancer
(TNBC), Nottingham prognostic index (NPI), Scarff-Bloom-
Richardson (SBR) grade, tumor stage, and P53 mutation, were
also evaluated. The protein expression of ZSCANI18 in primary
tumor of breast cancer and normal tissues was analyzed by
UALCAN, based on clinical proteomic tumor analysis consortium
(CPTAC) dataset. The expression level of ZSCANI18 in breast
cancer cell lines was acquired through depmap portal of cancer
cell line encyclopedia (CCLE; https://depmap.org/portal/), in which
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gene expression transcript per million (TPM) values are inferred
from RNA-seq data using the RSEM tool and are reported after log2
transformation, using a pseudo-count of 1 (log2(TPM+1)) (18).

DNA methylation and genetic
alteration analysis

The genetic alteration and promoter methylation of ZSCAN18
in breast cancer were displayed through cBioPortal (https://
www.cbioportal.org/) (METABRIC, Nature 2012 & Nat Commun
2016, 1904 samples) (19). To further access the expression
regulatory effect of DNA methylation modification on ZSCAN18
mRNA, we used the EMBOSS cpgplot explorer (https://
www.ebi.ac.uk/Tools/seqstats/emboss_cpgplot/) of European
molecular biology laboratory’s European bioinformatics institute
(EMBL-EBI) to identify and plot CpG islands in nucleotide
sequence (20). The promoter methylation of ZSCANIS8 in
primary tumor and normal tissues was further analyzed based on
TCGA-BRCA from UALCAN. We also used MEXPRESS (https://
mexpress.be/) (21) to visualize DNA methylation, expression and
clinical data of ZSCAN18 in breast invasive carcinoma.

Prognostic value analysis

The Kaplan-Meier plotter (KM plotter; http://kmplot.com/
analysis/) (22), is a web online tool capable to assess the
correlation between the expression and survival from 21 tumor
types including breast, ovarian, lung, and gastric cancer based on
datasets including GEO, EGA, and TCGA, was used to predict the
prognostic value of ZSCANIS in breast cancer. The hazards ratio
(HR), 95% confidence interval (CI), and log-rank p were displayed
on the web page.

Gene transcription regulation and gene
ontology analysis

In this study, we used gene transcription regulation database
(GTRD; http://gtrd.biouml.org/) (23), the most complete collection
of uniformly processed ChIP-seq data on identification of
transcription factor binding sites for human and mouse, to find
potential genes regulated by ZSCAN18. Gene ontology (GO) and
pathway enrichment analysis of ZSCAN18-regulated genes were
performed using Metascape (http://metascape.org/) (24). The top
clusters with their enriched terms, which originated from several
categories, were included.

Gene set enrichment analysis (GSEA)
A powerful analytical method called GSEA for interpreting gene

expression data was used to evaluate whether a prior defined set of
genes shows statistically significant (25). The gene sets are defined
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based on prior biological knowledge, published information about
biochemical pathways or co-expression in previous experiments.
An ordered list of genes was first generated based on association
with ZSCAN18 expression. Gene set permutations were performed
1,000 times. The expression level of ZSCAN18 was used as
phenotype label. The nominal p-value and normalized
enrichment score (NES) were used to classify the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways enriched
in low phenotype.

Immune infiltration analysis

Gene module of TIMER allows users to select any gene of
interest and visualize the correlation of its expression with immune
infiltration level in diverse cancer types. The relationship of
ZSCANI18 expression in breast invasive carcinoma with the
abundance of immune infiltration, including B cells, CD8+ T
cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells
(DCs), was analyzed by using gene module of TIMER. Gene
expression level normalized with tumor purity was displayed on
the left most panel.

Tumor-immune system interaction database (TISIDB; http://
cis.hku.hk/TISIDB/) (26) is an online portal for tumor and immune
system interaction, which can integrate relationships between
abundance of tumor-infiltrating lymphocytes (TILs) and
expression, methylation, copy number, or mutation of current
gene. The immune-related signatures of 28 TIL types from
Charoentong’s study, which can be viewed in the download page.
For each cancer type, the relative abundance of TILs was inferred by
using gene set variation analysis (GSVA) based on gene expression
profile. In this tab, users can examine which kinds of TILs might be
regulated by the current gene. The relationship of ZSCAN18
expression/methylation with abundance of TILs (including
activated B cell, activated CD8 T cell, activated CD4 T cell,
macrophage, neutrophil, and activated DCs) was investigated in
TISIDB database.

Hub genes Identification and protein-
protein interaction (PPI)

The top five ZSCAN18-related hub genes were identified using
the CytoHubba plugin of Cytoscape that used the degree method.
The expression of hub genes and the associations with overall
survival (OS) in breast cancer were evaluated by bc-GenExMiner
and KM plotter. STRING was used to perform a PPI physical
subnetwork of ZSCANI18 with an interaction score of >0.7.

Quantitative reverse transcription
polymerase chain reaction (QRT-PCR)

The EX-Z7012-Lv201 ZSCAN18 vectors were generated based
on pEZ-Lv201 (Genecopoeia, Rockville, MD, USA). The lentivirus
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particles were produced by co-transfecting the corresponding
vectors with packaging GV plasmids (Genechem, Shanghai,
China) in 293T cells. Supernatants containing ZSCAN18
lentivirus were gathered and filtered to infect MDA-MB-231.
Total RNA was extracted from MDA-MB-231 cells by Trizol.
2xHifair® 1I SuperMix plus (cat. no. 11123ES60, YEASEN,
Shanghai, China) was used for reverse transcription, and Hieft®
qPCR SYBR Green Master Mix (Low Rox) (cat. no. 11202ES08,
YEASEN, Shanghai, China) was utilized for the qRT-PCR
according to the manufacturer’s protocol. The primer sequences
are shown in Table S1. The thermocycling process was shown:
initial denaturation for 10 min at 95°C, 40 cycles of denaturation for
15 s at 95°C, and 40 cycles of amplification for 1 min at 60°C. The
mRNA expression of CTNNBI1, BCL9, TSC, LDHA, and PFKP in
cells was represented as the 27 and B-actin was the

internal reference.

10.3389/fendo.2023.1095604

Results

Expression profile of ZSCAN18 in BC

TCGA dataset was referenced to determine the mRNA
expression profiles and potential roles of ZSCAN18 in multiple
types of cancer. The TIMER web server was used to compare the
mRNA expression patterns of ZSCAN18 in tumor and adjacent
normal tissues. As shown in Figure 1A; Table S2, mRNA
expression, calculated as Log2 TPM, of ZSCAN18 was
downregulated in invasive BC tissues as compared to adjacent
normal tissues (p < 0.001). Meanwhile, the TPM of ZSCANI18
was lower in primary tumor tissues (n = 1097) than normal tissues
(n = 114) from TCGA samples, as determined with the UALCAN
data analysis portal (p = 0.007, < 0.01) (Figure 1B). Except in
luminal subtype of BC, the TPM of ZSCAN18 in the HER2-positive
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and TNBC subtypes were both much lower than normal tissues (p <
0.001) (Figure 1C). The statistical significance of ZSCAN18 mRNA
expression among different tumor subtypes of invasive BC is shown
in Table S3. The mRNA expression profile of ZSCAN18 was
validated using the TCGA and GTEx datasets. As shown in
Figure 1D, the Log2 standardized mRNA level of ZSCANI18 was
lower in tumor tissues (n = 1038) than healthy and tumor-adjacent
tissues (n = 92 and 104, respectively) (p < 0.0001). Moreover,
ZSCAN18 mRNA expression profiles, calculated as Log2 (TPM+1),
in BC cell lines were acquired from the CCLE (Table S4). Notably,
ZSCANI18 expression was relatively low in some BC cell lines.

At the protein level, there was no significant difference in
ZSCANI18 expression between primary tumor and normal tissues
(p = 0.606, > 0.05), but was much lower in the HER2-positive and
TNBC subtypes than the luminal subtype of BC (p < 0.001)
(Figures 1E, F). The statistical significance of ZSCAN18 protein
expression among different tumor subtypes of invasive BC is shown
in Table S5. Collectively, these results demonstrate that ZSCAN18
expression is significantly downregulated in BC, especially in the
subtypes of HER2-positive and TNBC.

To further evaluate the potential role and clinical significance of
ZSCANI18 in BC, the bc-GenExMiner mining tool was used to
evaluate the associations of ZSCANI18 expression with
clinicopathological parameters (Figure 2). The results revealed no
significant difference in ZSCAN18 expression between patients
aged <51 vs. >51 years (p = 0.8714, >0.05). HER2 status, the
basal-like and TNBC subtypes, tumor stage, NPI, SBR grade, and
mutated tumor protein P53 were negatively associated with
ZSCANI18 expression at the mRNA level (p < 0.0001). The
statistical significance of ZSCAN18 TPM in the tumor stage of
invasive BC is described in Table S6. Notably, ZSCAN18 mRNA
expression was significantly upregulated in ER and PR-positive BC
(p < 0.0001).

10.3389/fendo.2023.1095604

Prognostic significance of ZSCAN18 in BC

Based on the best cutoff value, analysis of 1,879 BC patients
using the Kaplan-Meier plotter demonstrated that high mRNA
expression of ZSCAN18 was significantly associated with improved
OS (HR = 0.65; 95% CI = 0.51-0.82; p = 0.00029, < 0.001,
Figure 3A) and relapse-free survival (RFS) in a cohort of 4,929
BC patients (HR = 0.61; 95% CI = 0.55-0.69; p < 1E-16, < 0.001,
Figure 3B). Although there was no significant difference in post-
progression survival (PPS) between the high and low expression
groups, ZSCAN18 was positively correlated with distant metastasis-
free survival (DMFS) in BC (HR = 0.65; 95% CI = 0.54-0.78; p =
2.6E-06, < 0.001, Figures 3C, D). Taken together, these results
demonstrate the potential of ZSCAN18 as a prognostic biomarker
for BC patients.

In addition, the prognostic value of ZSCANI18 in different
molecular subtypes of BC and lymph node status was investigated
using the Kaplan-Meier plotter. Although there was no remarkable
difference in OS among the luminal A, luminal B, HER2-positive,
basal-like, and ER-positive subtypes of BC (Figure S1), high
ZSCAN18 mRNA expression was correlated with better OS for
the subtypes ER-negative (HR = 0.68; 95% CI = 0.48-0.96, p =
0.029, < 0.05), HER2-negative (HR = 0.67; 95% CI = 0.53-0.85, p =
0.001, < 0.01) lymph node-positive (HR = 0.58; 95% CI = 0.39-0.88,
p =0.0092, < 0.01), and lymph node-negative (HR = 0.64; 95% CI =
0.45-0.93, p = 0.018, < 0.05) (Figures 3E-H).

DNA methylation status and genetic
alteration of ZSCAN18 in BC

Further analysis with the cBioPortal tool found general
promoter methylation but no gene mutation to the ZSCANI18
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nucleotide sequence. Genetic alterations to ZSCAN18 were detected
in 141 (7%) of 1904 BC patients/samples, including 50 with DNA
amplification (Figure 4A). CpG islands in the nucleotide sequence
of ZSCAN18 were identified and plotted using the cpgplot tool
included with the EMBOSS explorer suite of bioinformatics tools.
The results are presented in Figure 4B. The TCGA dataset from
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normal tissues, in which the beta value indicates level of DNA methylation ranging from 0 (unmethylated) to 1 (fully methylated). Different beta value
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UALCAN was referenced to determine whether low expression of
ZSCANI1S is associated with promoter methylation in BC. The
results showed that the extent of methylation of the ZSCANI18
promoter was significantly higher in primary tumor tissues (n =
793) than normal tissues (n = 97) (p < 0.001) (Figure 4C).
Meanwhile, the extent of methylation the ZSCANI18 promoter

(C) The promoter methylation level of ZSCAN18 in primary tumor and
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was relatively higher for the luminal (n = 393), HER2-positive (n =
17), and TNBC (n = 84) subtypes of BC than normal tissues (n = 97)
(p < 0.001) (Figure 4D). The statistical significance of the extent of
methylation of the ZSCAN18 promoter among different subtypes of
invasive BC is described in Table S7. Furthermore, the MEXPRESS
data visualization tool was employed to visualize DNA methylation
and expression data of ZSCANI18 in invasive BC. Based on
Pearson’s correlation coefficient, ZSCAN18 mRNA expression
was negatively correlated with the extent of methylation of the
CpG islands (Figure S2). These results support the important role of
DNA methylation in regulation of ZSCAN18 expression.

Genes regulated by ZSCAN18 and related
signaling pathways in BC

The GTRD was referenced to elucidate the potential role and
underlying regulatory mechanism of ZSCAN18 in BC. The results
identified 122 genes potentially regulated by ZSCAN18 (Table S8).
The Metascape gene annotation and analysis resource was used for
pathway enrichment analysis and identification of biological
processes. Terms with a p-value < 0.01, minimum count = 3, and
enrichment factor (ratio between the observed counts and the
counts expected by chance) > 1.5 were collected and grouped into
clusters based on membership similarities. The top 14 clusters of
enriched terms originated from three GO annotations of biological
processes, pathways retrieved from the KEGG database, and the
Reactome Pathway Database. The enriched differentially expressed
genes were associated with the terms “chromatin modifying
enzymes” (R-HSA-3247509), “mRNA metabolic process” (GO:
0016071), “nuclear-transcribed mRNA catabolic process” (GO:
0000184), and “positive regulation of DNA-binding transcription

10.3389/fendo.2023.1095604

factor activity” (GO: 0051091) (Figure 5A). The top GO biological
processes are shown in Figure 5B. The results confirmed that
ZSCAN18 was a TF that might be involved in intracellular
molecular and metabolic processes.

To further access molecular processes and pathways
differentially activated in BC, GSEA of the ZSCANI18-low
expression phenotype was performed (Table S9). GSEA identified
significant differences (false discovery rate [FDR] g-value < 0.05) in
MSigDB collection (c2.cp.kegg.v6.2.symbols.gmt). The most
enriched tumor-associated processes associated with low
expression of ZSCAN18 were identified based on the NES, which
included the cell cycle (NES = 1.952; FDR q-value = 0.025, < 0.05)
and glycolysis signaling pathway (NES = 1.966; FDR g-value =
0.034, < 0.05) (Figures 5C, D). Meanwhile, qRT-PCR was
performed to identify gene associated with the Wnt/B-catenin and
glycolysis signaling pathways. The results confirmed that
overexpression of ZSCANI18 inhibited mRNA expression of
CTNNBI, BCL9, TSC1, and PFKP in TNBC (MDA-MB-231)
cells (p < 0.05) (Figures 5E-H). In summary, downregulation of
ZSCAN18 might be involved in the cell cycle and the Wnt/B-
catenin and glycolysis signaling pathways in BC through
transcription regulation.

Association of ZSCAN18 with infiltration of
immune cells in BC

The TIMER web server and the TISIDB were used to visualize
the association of ZSCANI18 expression/methylation with the
abundance of infiltrating immune cells in BC. The results
revealed significant negative correlations between ZSCAN18
expression and TILs, including B cells (TIMER: p = 2.07E-05, <

Enrichment plot: KEGG_CELL_CYCLE Enrichment plot:
KEGG_GLYCOLYSIS_GLUCONEOGENESIS
NES: 1.952

NOM p-val: 0.012

NES: 1.966
NOM p-val: 0.002

MDA-MB-231 MDA-MB-231

B

05

Relatise CTNNBI expression

vector 2SCAN18 vector 2SCAN18

FIGURE 5

FDR g-val: 0.025
FDR g-val: 0.034

N T T

MDA-MB-231 MDA-MB-231

ZSCAN18 vector ZSCAN18

Genes transcription regulated by ZSCAN18 and its potential signaling pathways in BC. (A) The top 14 pathway enrichment clusters were found based
on ZSCAN18 regulated genes and carried out with GO Biological Processes, KEGG pathway, and Reactome Gene Sets through Metascape. (B) The
top-level GO biological processes were found based on ZSCAN18 regulated genes through Metascape. Length of bars represent logsg (p-value)
determined by the best-scoring term within each cluster. Cell cycle (C) and glycolysis signaling pathway (D) differentially enriched in ZSCAN18-low
expression phenotype constructed by GSEA. Gene sets with FDR g-val<0.05 are considered as significant. NOM p-value: normalized p-value; FDR g-
value: false discovery rate g-value. (E-H) The mRNA expressions of CTNNB1, BCL9, TSC, and PFKP in ZSCAN18 overexpressed MDA-MB-231 cell

line. *p < 0.05.
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0.001; TISIDB: p = 0.0002, < 0.001), activated CD8+ T cells
(TISIDB: p = 2.06E-11, < 0.001), activated CD4+ T cells (TISIDB:
p <2.2E-16, < 0.001), macrophages (TISIDB: p = 9.24E-07, < 0.001),
and DCs (TIMER: p = 1.01E-02, < 0.05; TISIDB: p = 1.44E-22, <
0.001) (Figures 6A, B). Moreover, ZSCAN18 DNA methylation was
positively associated with TILs, including activated B cells (p =
1.65E-18, < 0.001), activated CD8+ T cells (p = 2.21E-19, < 0.001),
activated CD4+ T cells (p = 2.04E-11, < 0.001), macrophages (p =
4.63E-13, < 0.001), neutrophils (p = 0.00197, < 0.01), and activated
DCs (p = 5.39E-09, < 0.001), as determined in reference to the
TISIDB (Figure 6C). These results confirmed the potential
functions of ZSCANI18 expression/methylation in regulation of
the immune microenvironment in BC. Correlation analysis
revealed that ZSCANI18 expression/methylation was strongly
associated with infiltration of immune cells in multiple human
cancers (Figures S3, S4).

ZSCAN18-related hub genes and
generation of a PPl network

The top five ZSCAN18-related hub genes (KDM6B, KAT6A,
KMT2D, KDMIA, and HSPBP1) identified by PPI network analysis
based on the CytoHubba plugin of Cytoscape (Figure 7A; Table
S10) were abnormally regulated in BC and associated with OS, as
determined with the bc-GenExMiner mining tool and Kaplan-
Meier plotter (Figures 7B, C). A PPI physical subnetwork for
ZSCANI1S8, based on experimental evidence, was generated using
the STRING database of PPIs. The results showed that ZSCANI18,
ZNF396, and PGBD1 were components of a physical
complex (Figure 7D).

>

10.3389/fendo.2023.1095604

Discussion

In this study, the expression profile of ZSCAN18 in BC was
evaluated. Bioinformatics analysis revealed significant downregulation
of ZSCAN18 mRNA expression and decreased ZSCAN18 expression
in the HER2-positive and TNBC subtypes. In addition, ZSCAN18
expression was relatively low in some BC cell lines. ZSCAN18
expression was negatively associated with HER2 status, the basal-
like and TNBC subtypes, tumor stage, NPI, SBR grade, and mutated
P53, and positively correlated with ER and PR status. The high extent
of DNA methylation and low genetic alteration of ZSCAN18 in BC
were identified as possible mechanisms underlying the regulation of
ZSCANI18 expression. High expression of ZSCAN18 was correlated
with better RFS, OS, and DMES. These findings suggest that DNA
methylation-regulated loss of ZSCAN18 expression may be a novel
prognostic biomarker for BC.

To date, 54 members of the ZSCAN protein family have been
identified. Although the structures are similar, the biological functions
of ZSCAN proteins are diverse, especially in tumorigenesis and cancer
progression (7). Our group previously reported that ZSCANI8
mRNA expression was downregulated in a variety of malignant
tumors, including BC (Figure 1A), suggesting an important role as
a tumor suppressor gene. However, relatively few studies have
investigated the relevance of ZSCAN family proteins in human
cancers, with the exception of the methylation status of ZSCAN18
in arterial diseases affecting the lower limbs (27) and metal
concentrations in maternal blood samples (28). Most prior studies
have focused on malignant tumors of the digestive tract, including
cancers of the esophagus, stomach, pancreas, colon, rectum, bile duct,
and liver, which found that ZSCAN18 methylation was common and
negatively correlated with expression profiles, indicating the potential
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ZSCAN18-related hub genes and its PPI physical network. (A) Five ZSCAN18-related hub genes were identified by PPl network analysis using
CytoHubba plugin of Cytoscape. The top five hub genes are shown in different colors except blue. (B) The mRNA expression of the top five hub
genes in BC was observed based on bc-GenExMiner. The p value was displayed. (C) The correlation between the top five hub genes and OS of BC
patients was investigated based on KM plotter. KDM1A: also called KDM1. The HR, 95% CI, and log-rank p were displayed. (D) A PPI physical network
of ZSCAN18 was built by STRING database based on experimental evidence. The confidence score was defined as 0.7 in this analysis.

of ZSCAN18 methylation as a prognostic biomarker (8, 10-13, 29). A
study of renal cell carcinoma found that ZSCAN18 knockdown
promoted proliferation of human embryonic kidney cells and the
demethylation drug azacitidine (Aza) reversed upregulation of
ZSCANI18 protein expression in various renal cell carcinoma cell
lines (9). In a recent research of gastric cancer, methylation-silenced
ZSCAN18 induces the proliferation via weakening TP53INP2-
mediated autophagy (14). Therefore, it is particularly important to
explore the role of ZSCANI18 in BC from the perspective of
epigenetics. In line with these previous studies, the results of the
present study found that ZSCAN18 was downregulated in BC and
DNA methylation was the possible mechanism underlying the
regulation of ZSCAN18 expression. ZSCAN18 expression was also
associated with survival of BC patients.

TFs control gene expression by recognizing specific DNA
sequences. Families of TFs are classified based on conserved DNA-
binding domains. The combination of chromatin
immunoprecipitation (ChIP) assays with sequencing and other
techniques have shown that TFs bind to the gene promoter in a
specific environment and at a specific time to accurately regulate
transcription (30). TFs can also act as promoters and/or suppressors
of the expression of downstream target genes (31). To elucidate the
molecular mechanism underlying the function of ZSCAN18 in BC, a
ZSCAN18-associated regulatory network was constructed using
multiple bioinformatics methods. First, the potential of ZSCAN18
as a TF in the regulation of downstream genes was investigated using
GTRD analysis. The results showed that ZSCAN18 may be involved
in intracellular molecular and metabolic processes. Subsequent GSEA
showed that low ZSCAN18 expression was associated with the cell
cycle and glycolysis signaling pathway, and possibly inhibition of
genes related to the Wnt/B-catenin and glycolysis signaling pathways.
Previous studies have reported that ZNF plays an important role in
tumor aerobic glycolysis (Warburg effect) (32) and the Wnt/B-
catenin signaling pathway (33, 34) through transcriptional regulation.

TILs, which comprise a mixture of T cells, B cells, macrophages,
natural killer cells, neutrophils, and dendritic cells, have been
observed in multiple human cancers, including BC. Hence, TILs

Frontiers in Endocrinology

may have prognostic value and could be related with improved
responses to neoadjuvant therapies (35). However, it remains unclear
whether ZSCANI18 is involved in the tumor immune
microenvironment in BC. In this study, ZSCAN18 expression was
negatively correlated with infiltration of B cells and DCs, as
determined by the TIMER web server and reference to the
TISIDB. However, the association of ZSCANI1S8 expression with
other infiltrating TILs varied in BC, possibly because of differences
in the number of TCGA samples and calculation methods. TIMER
provides estimates of the abundance of TILs via multiple
deconvolution-based analysis adjusted by tumor purity, thus the
results are considered comparatively reliable. A recent study found a
relationship between ZNF-based signatures and the tumor immune
microenvironment in osteosarcoma (36). Emerging evidence has
confirmed the value of DNA methylation to evaluate the immune
response of tumors to improve diagnosis and treatment of breast and
other cancers (37). Interestingly, in the TISIDB, ZSCAN18 DNA
methylation is positively correlated with activated B cells, activated
CD8+ and CD4+ T cells, macrophages, neutrophils, and activated
DCs. Reportedly, site-specific CpG methylation is a useful marker to
assess TILs and possibly to predict responses to checkpoint inhibitors
for cancer treatment (38). The results of the present study highlight
the potential of ZSCAN18 expression/DNA methylation in
regulation of the tumor immune microenvironment in BC. The
results also suggest that ZSCAN18 demethylation might be a valid
strategy to improve the effects of immunotherapeutic agents. Thus, it
is urgent to explore the mechanism and function of ZSCANIS8
transcriptional expression/DNA methylation in regulation of the
tumor microenvironment. Furthermore, Cytoscape and STRING
analysis were used to identify the hub genes and physical complex
of ZSCAN18. The results showed that five ZSCAN18-related hub
genes (KDM6B, KAT6A, KMT2D, KDM1A, and HSPBP1) were
abnormally regulated in BC and associated with OS. A recent
research has reported that KDM6B can inhibit BC metastasis by
regulating Wnt/B-catenin signaling (39), and another study has
found PI3K pathway regulates ER-dependent transcription through
KMT2D (40). KAT6A, a chromatin modifier, is considered as a
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candidate oncogene in luminal BC (41). Similarly, KDMI1A
inhibition is effective in reducing stemness and treating TNBC
(42). Decreased HSPBP1 may lead to genomic instability and
enables resistance to ionizing radiation in high-grade and
metastatic BC (43). Therefore, these hub genes may associate with
ZSCAN18 and play important roles in BC. In addition, ZSCAN18,
ZNF396, and PGBD1 were identified as components of a physical
complex. However, further studies are needed to evaluate the roles of
these hub genes and complex.

In summary, ZSCANI18 is a potential prognostic and
methylation-regulated tumor biomarker in BC. However, there
were some limitations to this study that should be addressed. First,
the analysis in this study mainly originated from public omics
datasets, which should confirmed at the mRNA and protein levels.
Second, some bioinformatics tools, such as the Kaplan-Meier
plotter, have limited functionality without multivariable Cox
regression analysis. Finally, direct evidence is lacking to verify the
molecular mechanism of ZSCAN18 in BC. Hence, additional studies
are urgently needed to validate the findings of this study of the role of
ZSCAN18 as a tumor suppressor in BC.
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