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Introduction
Breast cancer (BRCA) is one of the most malignant tumors 
among women in the world, especially in Europe and the 
United States.1 The incidence rate of BRCA is about 2.26 mil-
lion women per year in the world, while 680 000 women even-
tually died of BRCA.2,3 The typical characteristics of BRCA 
are rapid growth, poor prognosis, high metastasize, and high 
recurrence.4 Breast is the target organ of many endocrine hor-
mones, among which estrone and estradiol are directly related 
to the incidence of breast cancer.5 Thus, BRCA is mainly his-
tologically classified as progesterone receptor (PR+/-), estro-
gen receptor (ER+/-), and human epidermal growth factor 
receptor 2 (HER2+/-).6 Based on this histological stratifica-
tion, Luminal A, Luminal B, HER2-amplified, basal-like, and 
normal-like subtypes are the major subtypes of BRCA. 
Remarkably, the king of breast cancer is triple negative breast 
cancer (TNBC), namely, ER, PR, and HER2 all negatively 
expressed in BRCA, indicating the hormone therapy is nonef-
fective.7 The epigenetic changes of BRCA are complicated, 
including BRCA 1/2 mutation, p53 mutation, HER2 amplifi-
cation, and so on.6 These malignant molecular events 

constitutively activate the MAPK/ERK, PI3K/AKT, and 
Wnt/β-catenin signaling pathways in BRCA.8 However, the 
efficiency of surgery, radiation therapy, chemotherapy, hormone 
therapy, and immunotherapy therapies are extremely poor.9 
Therefore, it is pressing to explore the key molecular mecha-
nism and discover effective therapeutic target for BRCA.

Zinc finger proteins (ZNFs), the transcription factor family, 
regulates the transcription and translation of targets genes, 
through sequence-specific binding to target molecules DNA, 
RNA, and other zinc finger proteins.10 ZNF208 locates in 
chromosome 19.11 The single nucleotide polymorphisms 
(SNPs) of ZNF208 are reported as telomere length associated 
gene from a genome-wide association study (GWAS), which 
contributed to many diseases, such as coronary artery disease,12 
chronic obstructive pulmonary disease,13 HIV, TB,14 fertile 
activity,15 and longevity.16 Moreover, ZNF208 is widely discov-
ered participating in multiple myeloma,17 laryngeal lancer,18 
non-small-cell lung cancer,19 pancreatic neuroendocrine neo-
plasms,11 pancreatic adenocarcinoma,20 glioma,21 esophageal 
cancer,22 neuroblastoma and childhood cancers,23 chronic lym-
phocytic leukemia,24 and NF1-plexiform neurofibroma.25 
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However, the exact function of ZNF208 in tumors is poorly 
illustrated without detailed mechanisms, especially in breast 
cancer. Consequently, it’s urgent to clearly elucidate the bio-
logical function and the mechanism of ZNF208 in BRCA.

In this study, we evaluated the expression of ZNF208 in 
BRCA through the utilization of online software. In addition, 
we investigated the prognostic relevance of ZNF208 in BRCA, 
as well as conducted an analysis to investigate the correlation 
between ZNF208 expression and its promoter methylation 
level in BRCA. We also clarified the association of ZNF208 
with TlCs with online software. Furthermore, we analyzed the 
biological process and functional enrichment of ZNF208 
involving in BRCA. Finally, we verified the expression and 
prognostic correlation of ZNF208 in BRCA using TCGA 
database and immunohistochemistry (IHC) assay. We aimed 
to establish a theoretical basis that supports the potential con-
clusion that ZNF208 may be a molecular target for the precise 
treatment of BRCA.

Materials and Methods
Expression analyses of ZNF208 in pan-cancer

The University of Alabama at Birmingham Cancer data analy-
sis Portal (UALCAN) (https://ualcan.path.uab.edu/) is an 
interactive web resource for analyzing cancers and can identify 
biomarkers form The Cancer Genome Atlas (TCGA) data, 
Genotype-Tissue Expression (GTEx) data, and Cancer Cell 
Line Encyclopedia (CCLE) data.26 We performed pan-cancer 
gene expression analyses with it.

Gene Expression Profiling Interactive Analysis (GEPIA) 
(http://gepia.cancer-pku.cn/) provides researchers with cus-
tomizable functionalities based on TCGA and GTEx data,27 
and was used to compare the expression of ZNF208 in differ-
ent cancers.

The expression of ZNF208 in BRCA

The Cancer Genome Atlas Program (TCGA) database 
(https://portal.gdc.cancer.gov/) covers genome, transcriptome, 
epigenetics, proteome, and other omics data of 33 types of can-
cer. According to the optional cut-off value of ZNF208, the 
mRNA expression profiles were classified into high-expression 
and low-expression groups.28 We compared the expression of 
ZNF208 in BRCA with it.

The prognostic value of ZNF208 for BRCA

Kaplan-Meier Plotter database (http://kmplot.com/analysis/) 
can assess the correlation between genes expression and the 
survival in more than 30 000 kinds of cancer samples. We drew 
the recurrence free survival (RFS) of ZNF208 in BRCA.29

OncoLnc (https://www.oncolnc.org/) links TCGA survival 
data to various RNA expression levels,30 and the prognosis 
curve of ZNF208 in BRCA was drew with it.

Breast Cancer Gene-Expression Miner v5.0 (bc-Gen-
ExMiner v5.0) (http://bcgenex.ico.unicancer.fr/) is a statistical 
mining tool of published annotated breast cancer transcrip-
tomic data (DNA microarrays and RNA-seq).31 We observed 
the ZNF208 expression in BRCA with different clinicopatho-
logical characteristics with it.

The promoter methylation level of ZNF208 in 
BRCA

DNMIVD (http://119.3.41.228/dnmivd/index/), a database for 
DNA methylation profile of human cancers with high through-
put microarray data from TCGA and GEO data.32 MethHC 
(http://methhc.mbc.nctu.edu.tw/php/index.php), a database of 
DNA methylation and gene expression in human cancers.33 The 
association of ZNF208 Fragments Per Kilobase of transcript per 
Million mapped reads (FPKM) with ZNF208 promoter meth-
ylation level in BRCA was taken from these database.

Methsurv (https://biit.cs.ut.ee/methsurv/), a web tool to 
perform multivariable survival analyses using DNA methyla-
tion data.34 We analyzed the relationship of ZNF208 promoter 
methylation with the survival of BRCA patients with it.

Immune cells infiltration and immune checkpoints

The Human Protein Atlas (HPA) (https://www.proteinatlas.
org/), a comprehensive website to study the protein localization 
and levels in common human organs, tissues, and cells.35 On 
this basis, we explored the immune infiltration different single-
cell types in BRCA.

Tumor Immune Estimation Resource (TIMER) (https://
cistrome.shinyapps.io/timer/), a tool to systematically analyz-
ing immune infiltration of 10 897 cancer samples from 32 types 
of cancer. We investigated the relationship between ZNF208 
expression and different leukocyte.36

Gene alterations analyses of ZNF208

The cBio cancer genomics portal (cBioPortal) (https://www.
cbioportal.org/) a multi-dimensional cancer gene set data, 
including somatic mutations, DNA copy-number alterations 
(CNAs), methylation, RNA expression, and protein enrich-
ment.37 On this basis, we showed the gene alterations analyses 
of ZNF208 gene.

Functions analyses of ZNF208 in BRCA

Cancer single-cell state atlas (CancerSEA) (http://biu.edu.cn/
CancerSEA/) is the database decoding 14 distinct functional 
states (such as metastasis, stemness, invasion, and proliferation) 
of 25 cancer types at single-cell resolution. Functions of 
ZNF208 in BRCA were found in this database.38

HOME for Researchers (https://www.home-for-research-
ers.com/) is used to analyze the gene expression, prognosis, and 
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immunity between human cancer samples and paired normal 
tissues. We drew a scatter diagram of TIMER Scors of the dif-
ferent leukocytes, explored relationship between ZNF208 
expression and different leukocyte, and checked immune 
checkpoint expression of the leukocytes.

Enrichment analyses

ZNF208 related differentially expressed genes (DEGs) were 
screened from cBioPortal database and were shown in supple-
mentary analytical tables. P < .05, Spearman’s correlation > .5 
was considered statistically significant.

Sangerbox database (http://sangerbox.com/home.html), a 
platform provides interactive customizable analysis tools, 
including various kinds of correlation analyses, pathway enrich-
ment. Sangerbox was used to analyze the functional roles of 
DEGs. P < .05 and False discovery rate (FDR) < 0.25 were 
considered statistically significant.

Functional Enrichment analysis tool (FunRich) (http://
funrich.org/download), an independent software tool for func-
tional enrichment and interaction network analysis of genes 
and proteins.39 We explored the biological processes, biological 
pathways, and molecular functions of the ZNF208 DEGs in 
BRCA.

STRING (https://cn.string-db.org/), the protein-protein 
interaction (PPI) networks functional enrichment analysis 
database, covering more than 20 million proteins from more 
than 5000 species organisms. The PPI of ZNF208 in BRCA 
was taken.40

IHC staining evaluation

Formalin-fixed human BRCA tissue specimens and the adja-
cent peritumoral tissues specimens were collected from the 
Second Affiliated Hospital of Shaanxi University of Chinese 
Medicine between January 2023 and January 2024. Patients 
received no preoperative therapy and had signed an informed 
consent. The inclusion criteria are that more than 2 senior neu-
ropathologists confirmed the histopathological diagnosis is 
breast cancer according to the classification of World Health 
Organization (WHO). Using IHC assay, we evaluated the 
protein levels of ZNF208 proteins with anti-ZNF208 anti-
body (TP74767, Abmart). The detailed protocol was per-
formed as described previously.37

Statistical analysis

Statistical details were available in the figure legends. Unpaired/
paired Student’s t test (2-tailed) were used to analyze differ-
ences between two groups. The Kaplan-Meier method was 
used to perform the survival curves, and the Log-rank test was 
used to conduct the statistical analysis. Fisher’s exact test was 
used for the IHC quantification of ZNF208 expression in 

BRCA tissues and normal tissues. The data were shown as 
mean ± standard deviation (SD) unless otherwise noted. All 
statistical analysis were performed in GraphPad Prism 7. P 
value < .05 was considered significantly.

Results
Downregulation of ZNF208 in BRCA

Studies show that ZNF208 is involved in maintenance of 
telomere length and transcriptional regulations, and the SNP 
variants of ZNF208 were reported to be associated with the 
risk of tumors in GWAS.21 To explore the role of ZNF208 
protein in various cancer, we first analyzed the mRNA levels 
of ZNF208 in pan-cancers from TIMER database, and the 
result indicated that transcript per million (TPM) of 
ZNF208 was obviously downregulated in 9 types of cancers 
compared with the adjacent normal tissues, including blad-
der urothelial carcinoma (BLCA), BRCA, colon adenocarci-
noma (COAD), kidney renal clear cell carcinoma (KIRC), 
kidney renal papillary cell carcinoma (KIRP), lung squamous 
cell carcinoma (LUSC), prostate adenocarcinoma (PRAD), 
rectum adenocarcinoma (READ), and uterine corpus endo-
metrial carcinoma (UCEC) (Figure 1A). We further ana-
lyzed the mRNA levels of ZNF208 in different cancer types 
from UALCAN and GEPIA databases. The results showed 
that the mRNA level of ZNF208 were obviously downregu-
lated in pan-cancers, especially in BLCA, BRCA, cervical 
squamous cell carcinoma and endocervical adenocarcinoma 
(CESC), COAD, KIRP, PRAD, READ, UCEC, and uterine 
carcinosarcoma (UCS) (Supplementary Fig. S1A and B). 
Correspondingly, ZNF208 was found to be significantly 
decreased in the BRCA tissues than in normal tissues from 
UALCAN database (Figure 1B). Next, we explored the 
expression of ZNF208 in BRCA patients with other clinical 
characteristics from UALCAN database. The expression of 
ZNF208 was clearly downregulated in stage 1 to stage 4 
BRCA tissues than normal tissues (Figure 1C). Compared 
with BRCA tissues with or without regional lymph node 
metastasis, the normal tissues expressed more mRNA of 
ZNF208 (Figure 1D). Moreover, the BRCA patients of 
Caucasian, African American, and Asian all showed fewer 
mRNA level of ZNF208 than normal tissues (Figure 1E). In 
addition, the ZNF208 expression of BRCA tissues during 
premenopause, perimenopause, and postmenopause were 
lower than normal tissues (Figure 1F). As well, compared 
with normal tissues, the luminal and triple negative subtypes 
of BRCA tissues showed lower ZNF208 mRNA expression 
than normal tissues (Figure 1G). Moreover, we also found 
that the ZNF208 mRNA levels were higher in normal tis-
sues than in BRCA patients of different ages or genders 
(Supplementary Fig. S1C and D). These data confirmed that 
the ZNF208 mRNA levels were low in BRCA regardless of 
clinical characteristics.
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http://funrich.org/download
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Figure 1. ZNF208 is downregulated in BRCA. (A) The expression levels of ZNF208 in different cancer types from the TCGA database were analyzed with 

TIMER database. **P < .01, ***P < .001. (B) Different expression of ZNF208 between BRCA tissues and normal tissues were analyzed from UALCAN 

database. ***P < .001. (C, D) Different expression of ZNF208 between BRCA tissues and normal tissues based on individual tumor stages and nodal 

metastasis status were analyzed from UALCAN database. No means no regional lymph node metastases. N1 means metastases in 1 to 3 axillary lymph 

nodes. N2 means metastases in 4 to 9 axillary lymph nodes. N3 means metastases in 10 or more axillary lymph nodes. ***P < .001. (E, F) Different 

expression of ZNF208 between BRCA tissues and normal tissues based on patient’s race and menopause status were analyzed from UALCAN database. 

***P < .001. (G) Different expression of ZNF208 between BRCA tissues and normal tissues based on breast cancer subclasses were analyzed from 

UALCAN database. ***P < .001.
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Association of decreased expression of ZNF208 
with poor prognosis of BRCA patients

We next pretended to evaluate the correlation between the 
expression of ZNF208 and the prognosis of BRCA patients. 
As shown in the Kaplan-Meier Plotter, OncoLnc, and HPA 
databases, low expression of ZNF208 was closely related to 
poor prognosis in patients with BRCA (Figure 2A to C). Then, 
we tried to analyze the expression of ZNF208 in BRCA tissues 
with clinicopathological characteristics from bc-GenExMiner 
v5.0 database, and we found that ZNF208 was low expressed 
in ER/PR-negative BRCA tissues than control ER/PR posi-
tive BRCA tissues (Figure 2D and E). As well, the wild type 
P53 BRCA tissues showed more ZNF208 mRNA expression 
than mutated P53 BRCA tissues (Figure 2F). At the same 
time, the non-basal-like BRCA tissues expressed more 
ZNF208 mRNA than the basal-like BRCA tissues (Figure 
2G). We also found that the non-TNBC BRCA tissues showed 
more ZNF208 mRNA expression than TNBC BRCA tissues 
(Figure 2H). In addition, the non-basal-like and non-TNBC 
BRCA tissues expressed more ZNF208 mRNA than basal-like 
and TNBC BRCA tissues (Figure 2I). While there was no dif-
ference in ZNF208 expression between HER2-negative and 
HER2 positive BRCA tissue (Supplementary Fig. S2A), and 
the BRCA tissue with wild type BRCA2 showed no difference 
in ZNF208 expression compared with BRCA tissues with 
mutated BRCA2 (Supplementary Fig. S2B). Besides, the 
BRCA tissues with nodal metastasis expressed lower ZNF208 
mRNA than without nodal metastasis (Supplementary Fig. 
S2C). We also found that there was no difference in ZNF208 
expression of BRCA patients older than 51 years old compared 
with those 51 years old or younger (Supplementary Fig. S2D). 
Conclusively, we conclude that low expression of ZNF208 is 
associated with clinicopathological characteristics which indi-
cated poor prognosis of BRCA.

Upregulation of ZNF208 promoter methylation 
level in BRCA

Subsequently, we intended to explain the expression aberration 
of ZNF208 from UALCAN and DNMIVD databases, and 
the ZNF208 promoter methylation level was higher in BRCA 
tissue than in normal tissue (P < .001) (Figure 3A and 
Supplementary Fig. S3A). Moreover, the ZNF208 FPKM 
were respectively negatively correlated with ZNF208 promoter 
methylation level from DNMIVD database using Pearson 
Correlation (r = −.51, P < .001) and Spearman Correlation 
(r = −.59, P < .001) (Figure 3B and Supplementary Fig. S3B). 
The MethHC database also confirmed the negative correlation 
between ZNF208 FPKM and ZNF208 promoter methylation 
in BRCA (Figure 3C). Using Methsurv data with cg09418063, 
the Kaplan-Meier plot clarified that patients with lower level 
of ZNF208 promoter methylation predicted better survival 
prognosis of BRCA (Figure 3D). All these data elucidate that 

the methylation level of ZNF208 is upregulated and indicating 
poor prognosis of BRCA.

The relationship between ZNF208 single-cell 
analyses and immune infiltrates’ abundances in 
BRCA

The immune checkpoints on immune cells suppress the immunity 
and promote tumorigenesis.41 Based on the HPA database, breast 
tissue could be divided into 30 clusters by single cell sequencing 
analyses. In these clusters, ZNF208 was highly expressed in vari-
ous types of T cells, B cells, and monocytes cells (Figure 4A). The 
TIMER Scors of immune landscape from HOME for Researchers 
database indicated that CD4 + T cell, CD8 + T + cell, neutrophil, 
macrophage, and myeloid dendritic cell were relatively higher in 
normal tissues than BRCA tissues, while the B cell was relatively 
lower in normal tissues (Figure 4B). We use Timer 2.0 data to 
visualize the correlation between ZNF208 expression and immune 
infiltration levels in breast cancer. The results showed that 
ZNF208 expressions were positively associated with CD8 + T cell 
(r = .212, P < .001), CD4 + T cell (r = .142, P < .001), macrophage 
(r = .216, P < .001), neutrophil (r = .111, P < .001), and dendritic 
cell (r = .116, P < .001) (Figure 4C). The data from HOME for 
Researchers database further confirmed that ZNF208 expressions 
were positively correlated with different immune cells 
(Supplementary Fig. S4). This suggests that ZNF208 may facili-
tate the microenvironment, mainly through T lymphocyte and 
monocytes to inhibit the occurrence of breast cancer. Then, we 
analyzed the immune checkpoint of ZNF208 in BRCA, and the 
results showed that Programmed Cell Death 1 Ligand 1 (PDL1/
CD274), Cytotoxic T Lymphocyte-Associated Protein 4 
(CTLA4), Hepatitis A Virus Cellular Receptor 2 (HAVCR2), 
Lymphocyte Activating 3 (LAG3), Programmed Cell Death 1 
(PD1/PDCD1), T Cell Immunoreceptor With Ig And ITIM 
Domains (TIGIT), and Sialic Acid Binding Ig-Like Lectin 
(SIGLEC15) genes were relatively higher in BRCA tissues than 
normal tissues, while Programmed Cell Death 1 Ligand 2 (PDL2/
PDCD1LG2) (P < .001) was relatively higher in normal tissues 
(Figure 4D). Consequently, immune checkpoint molecules are 
enriched in BRCA tissues.

ZNF208 regulates many biological processes of 
BRCA

To explicit the gene genetic character, we used the cBioPortal 
database of 1108 or 1084 patients for cancer genomics data-
base to determine ZNF208 gene alterations and mutations. 
The proportions of ZNF208 gene alterations from high to low 
were no alterations, deep deletion, and missense mutation 
(Figure 5A and Supplementary Fig. S5A). In addition, the 
missense mutations of ZNF208 with unknown significance 
were the most frequent somatic mutations in BRCA (Figure 
5B and Supplementary Fig. S5B). These meant that ZNF208 
gene was partially deleted in breast cancer. We suggested that 
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Figure 2. The relationship between ZNF208 expression and prognosis in breast cancer. (A to C) The relationship of ZNF208 expression with the survival 

of BRCA patients from TCGA database were analyzed from Kaplan-Meier Plotter, OncoLnc, and HPA database. (D, E) Box and whisker plot of ZNF208 

expression according to ER expression status and PR expression status of BRCA patients from bc-GenExMiner v5.0 database. (F to H) Box and whisker 

plot of ZNF208 expression according to P53 status, basal-like status, and TNBC status of BRCA patients from bc-GenExMiner v5.0 database. (I) Box and 

whisker plot of ZNF208 expression according to basal-like and TNBC status of BRCA patients from bc-GenExMiner v5.0 database.
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ZNF208 may be a tumor suppressor in BRCA previously. 
Thus, we analyze the biofunction of ZNF208 in cancers from 
CancerSEA database, and the interactive bubble chart shown 
the different correlations in cancers (Figure 5C). Moreover, 
the results indicating that the expression of ZNF208 were 
mainly targeted in metastasis, invasion, hypoxia, DNA dam-
age, apoptosis, cell cycle, and proliferation biological processes 
in BRCA (Figure 5D and E). As well, the linear regression 
showed that the ZNF208 gene expression were significantly 
negatively correlated with the metastasis (r = −.67, P < .001) 
and invasion (r = −.60, P < .001) biological processes in BRCA 

(Supplementary Fig. S5C). In addition, the linear regression 
also showed the ZNF208 gene expression were obviously neg-
atively correlated with the proliferation (r = −.43, P < .05) and 
epithelial-mesenchymal transition (EMT) (r = −.42, P < .05) 
biological processes in BRCA (Supplementary Fig. S5D). 
Correspondingly, the TPM of ZNF208 was respectively nega-
tively correlated with tumor proliferation signature (P = 3.44e-
21; P^Spearman = -0.28) in BRCA from HOME for Researchers 
database (Figure 5F). Thus, we conclude that ZNF208 could 
inhibit the metastasis, invasion, proliferation and EMT pro-
cesses of BRCA.

Figure 3. The methylation level of ZNF208 in breast cancer. (A) Different promoter methylation level of ZNF208 between BRCA tissues and normal 

tissues was analyzed from UALCAN database. (B) Linear regression analysis was performed to investigate association of the ZNF208 FPKM with ZNF208 

promoter methylation level from DNMIVD database. (C) Linear regression analysis was performed to investigate association of the ZNF208 expression 

with ZNF208 promoter methylation level from MethHC database using Pearson correlation. (D) The relationship of ZNF208 promoter methylation with the 

survival of BRCA patients from Methsurv database.
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Figure 4. Analyses of immune infiltration, immune checkpoints. (A) The relationship between ZNF208 expression and different single-cell types in breast 

tissues from HPA database. Different colors columns represent different types of cells. (B) A scatter diagram of TIMER Scors comparing the expression of 

the ZNF208 associated leukocytes between BRCA and the normal tissues from HOME for Researchers. ***P < .001. (C) Infiltration level of ZNF208 

associated B cell, CD8 + T cell, CD4 + T cell, macrophage, neutrophil, and dendritic cell infiltration from Timer database. (D) A scatter diagram of immune 

checkpoint of the leukocytes CD274, CTLA4, HAVCR2, LAG3, PDCD1, PDCD1LG2, TIGIT, and SIGLEC15 gene expression between the normal tissues 

and BRCA tissues from HOME for Researchers. ***P < .001.
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Figure 5. The biological processes of ZNF208 in BRCA. (A, B) The cBioPortal database was used to analyze ZNF208 gene alterations and mutations in 

BRCA of 1108 patients. (C) Functional states of ZNF208 and its association with 12 different types of cancers from the CancerSEA database, shown was 

the interactive bubble chart. (D) The correlations between ZNF208 and functional states in different single-cell data sets of BRCA. (E) 9 functional states 

that are significantly related to ZNF208 expression of EXP0054 (GSE75367) in BRCA. *P < .05, **P < .01, ***P < .001. (F) Spearman regression analysis 

was performed to investigate the association of ZNF208 TPM with tumor proliferation signature in BRCA from HOME for Researchers database.
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Potential molecular mechanism of ZNF208 in 
BRCA

Next, we investigate the possible functional pathways of 
ZNF208 involved in BRCA from Sangerbox database, and the 
top 8 significant KEGG pathway analyses were sorted in 
ascending order of FDR. We found the DEGs of ZNF208 
mainly function on cancer pathways, MAPK and RAS signal-
ing pathways in BRCA (Figure 6A and Supplementary Fig. 
S6A). Then, the circle diagram partially showed the DEGs of 
ZNF208 which enriched in different pathways (Figure 6B and 
Supplementary Fig. S6B). Furthermore, we analyzed the num-
ber of commonly upregulated or downregulated genes among 
top 2000 DEGs of ZNF208 from FunRich database, and the 
Venn diagram showed the 1951 coregulated genes (Figure 6C). 
In addition, we conducted the gene enrichment from FunRich 
database, and identified the top 3 biological processes for 
coregulated genes, such as signal transduction, cell communi-
cation, and cell growth and/or maintenance (fold change > 1.3, 
P < .05) (Figure 6D). We also discovered the 3 biological path-
ways coregulated genes mostly involved, such as epithelial-to-
mesenchymal (EMT) transition, VEGF ligand-receptor 
interactions, and signaling by VEGF (fold change > 5, P < .05) 
(Figure 6E). Moreover, gene enrichment showing the top 3 
molecular function for coregulated genes in BRCA, such as 
extracellular matrix structural constituent, cell adhesion mole-
cule activity, and receptor activity (fold change > 1.9, P < .05) 
(Figure 6F). These results indicated that DEGs of ZNF208 
mainly impact the signal transduction of EMT transition and 
extracellular matrix structural constituent in BRCA. Finally, we 
explored the PPI network of ZNF208 protein, and the net-
works showed the telomerase reverse transcriptase (TERT) 
and regulator of telomere elongation helicase 1 (RTEL1) were 
tightly connected with ZNF208 based on experimentally 
determined results and text mining from STRING database 
(Figure 6G). To confirm our previous data, we analyzed the 
coexpression genes of 1108 and 1084 BRCA patients from 
cBioPortal database and found the significant negative correla-
tions between the mRNA level of ZNF208 and the mRNA 
level of MEK1, MYC and TERT in BRCA (Figure 6H to J 
and Supplementary Fig. S6C-E). These results further validate 
that the transcription factor ZNF208 can regulate MAPK 
signaling pathways, RAS signaling pathways, EMT-associated 
signaling pathways, and telomere length.

Validation of ZNF208 expression in BRCA

To validate the expression of ZNF208 protein in BRCA, we 
analyzed the mRNA levels of ZNF208 in BRCA and non-can-
cerous breast tissues from TCGA database, and the BRCA tis-
sues showed lower ZNF208 mRNA expression (Figure 7A). 
Moreover, the paired t test also showed that the mRNA level of 
ZNF208 were significantly downregulated in BRCA than paired 
adjacent peritumoral tissues (Figure 7B). Then, we evaluated the 

correlation between the expression of ZNF208 and the progno-
sis of BRCA patients. The Kaplan-Meier survival analysis sug-
gested that patients with high expression of ZNF208 had a long 
Overall Survival (OS) in BRCA (HR = 1.516, P = 0.0469) 
(Figure 7C). As well, we verified the ZNF208 protein expression 
with IHC assay, the representative IHC images shows that 
ZNF208 was mainly localized in intracellular of the specimens 
and the staining was predominant in the adjacent peritumoral 
tissues than the tumor tissues (Figure 7D). The histogram con-
firmed that the numbers of ZNF208 positively expressed cells 
were significantly lower in the cancer specimens than in the non-
cancerous breast tissues (Figure 7E). These results further vali-
date that ZNF208 is low expressed in BRCA tissues and 
predicting worse prognosis of BRCA patients. The overall work-
flow diagram of this study is summarized in Figure 7F. We sys-
tematically illustrated the gene expression features, prognostic 
value, promoter methylation levels, tumor immune infiltration, 
biological processes, and molecular mechanism of ZNF208 in 
BRCA with bioinformatics analyses. The validation experiments 
were conducted with TCGA database and IHC assay. In sum-
mary, ZNF208 may become a valuable prognostic marker and 
potential therapeutic target for breast cancer.

Discussion
Breast cancer, which is hormone-related and mainly occurs 
around the perimenopause, is known for the strong malignancy 
and poor prognosis in females.5 The complex molecular sub-
types of BRCA includes Luminal A, Luminal B, HER2-
amplified, basal-like, normal-like, and the TNBC subtypes, 
indicating the therapies and efficacy are limited.7 The tran-
scription factor ZNF208 mainly regulates the transcription of 
downstream target genes through sequence-specific binding to 
target molecules.10 As reported, the genetic variants of ZNF208 
are involved in telomere length regulation and associated with 
various diseases, such as coronary artery disease,12 chronic 
obstructive pulmonary disease,24 non-small-cell lung cancer,19 
and pancreatic adenocarcinoma.20 However, the role of 
ZNF208 in BRCA is totally unclear.

In this study, we explored the function of ZNF208 in breast 
cancer tumorigenesis. By analyzing the online databases, we 
found that the mRNA level of ZNF208 was significantly lower 
in tumors than in normal tissues, especially in BLCA, BRCA, 
COAD, KIRP, PRAD, READ, and UCEC. Thus, we conclude 
that ZNF208 expression is downregulated in many cancers. 
The clinical characteristics such as ages, genders, races have 
some effect on the gene expression of BRCA.6 Then, we ana-
lyzed the expression of ZNF208 with the clinical characteris-
tics in BRCA. The results showed that ZNF208 expression 
was significantly downregulated in stage 1 to stage 4 BRCA 
tissues, in regional lymph node metastasis BRCA tissues, in 
different races of BRCA tissues, in perimenopause BRCA tis-
sues, in luminal and triple negative subtypes of BRCA tissues, 
in different ages of BRCA tissues, and in different genders of 
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Figure 6. Functional enrichment analyses of ZNF208. (A) The cBioPortal database was used to analyze the differentially expressed genes of ZNF208 in 

BRCA of 1108 patient, and the top 500 genes were entered into the Sangerbox analysis tool to enrich them onto the corresponding KEGG pathways. 

Shown were the top eight KEGG pathways enrichment analyses of DEGs (P < .001). (B) Shown was the circle diagram of the pathways and the 

corresponding DEGs (P < .001). (C) Venn diagrams from FunRich database showing the coregulated genes among the top 2000 DEGs of ZNF208 in 

BRCA. (D to F) Gene enrichment from FunRich database showing the top 3 biological process, top 3 biological pathways, and top 3 molecular functions 

for coregulated 1951 genes of ZNF208. P < .05. (G) The STRING database was used to draw the protein-protein interaction networks, shown were the 

proteins interacted with ZNF208. P < .05. (H to J) Spearman linear regression analyses were performed to investigate the association of ZNF208 gene 

mRNA expression with MAP2K1 (r = −.06, P < .05), MYC (r = −.12, P < .001), TERT (r = −.13, P < .001) expression 1108 BRCA patients from cBioPortal 

database.
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Figure 7. Validating the expression level and prognostic value of ZNF208 in BRCA. (A) The mRNA levels of ZNF208 in BRCA tissues and in normal 

tissues were analyzed from TCGA database. ***P < .001. (B) The expression levels of ZNF208 in BRCA tissues and the adjacent peritumoral tissues were 

analyzed from TCGA database by paired t test. NB means the adjacent peritumoral tissues. ***P < .001. (C) Differences of OS between ZNF208 

high-expression and low-expression groups were determined with the Kaplan-Meier curve from TCGA database. (D) Representative IHC images of 

ZNF208 in tumors and adjacent peritumoral tissues. Scale bars, 50 µm. (E) The quantitative analysis of the protein levels of ZNF208 in IHC images using 

densitometry (right panels). Data were shown as mean ± SD. ***P < .001 (n = 3). (F) A schematic overview of different steps taken to examine the 

association between ZNF208 and BRCA.
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BRCA tissues than in normal tissues. As well, no correlation 
was shown among the clinical characteristics with ZNF208 
expression. Conclusively, these results indicate that ZNF208 is 
significantly downregulated in BRCA tissues.

To explore the correlation between ZNF208 expression and 
the prognosis of BRCA patients, we drew the survival curves 
from online databases, and low expression of ZNF208 predict-
ing the worse prognosis of BRCA patients. The overall survival 
of BRCA patients is attributed to various significant clinical 
and genetic factors, such as age, tumor grade, nodal metastasis 
status, histological types, ER/PR/HER2 expression status, P53 
mutations, and BRCA2 mutations.9 Then, we analyzed the 
correlation between ZNF208 expression and the genetic char-
acteristics of BRCA patients. The results showed that ZNF208 
were downregulated in ER/PR-negative BRCA tissues, in 
mutated P53 BRCA tissues, in basal-like BRCA tissues, in 
basal-like and TNBC BRCA tissues, in TNBC BRCA tissues 
and in nodal metastasis BRCA tissues than the control tissues. 
Considering that the ER/PR-negative status, P53 mutation, 
basal-like subtypes and TNBC subtypes of breast cancers pre-
dicting the worse clinical prognosis, we suggest that the down-
regulated expression of ZNF208 is closely connected with 
short overall survivals of BRCA patients. In conclusion, we 
conclude that ZNF208 may be a potential prognostic marker 
and therapeutic target of BRCA.

It is widely demonstrated that the epigenetic alterations of 
promoter hypomethylation or hypermethylation inducing the 
aberrations of gene expression in tumors.42 Thus, we used the 
online databases to explore the expression aberration of 
ZNF208, and we found that ZNF208 promoter methylation 
level was higher in BRCA tissue than in normal tissue. 
Hypermethylation can prevent transcription factors from bind-
ing to DNA, thereby hindering gene transcription.43 As well, 
we explained the relationship between ZNF208 expression and 
ZNF208 promoter methylation level, and found that ZNF208 
FPKM were respectively negatively correlated with ZNF208 
promoter methylation level in BRCA tissue. Moreover, we 
found the high level of ZNF208 promoter methylation pre-
dicted worse survival prognosis of BRCA. Conclusively, the 
ZNF208 promoter methylation level is high in BRCA.

Tumor immune microenvironment is the specific microen-
vironment around tumor cells. In this microenvironment, vari-
ous cells and components interact and coordinate with each 
other, affecting the growth of tumors.44 Therefore, we wonder 
to know the proportions of immune cells in breast cancer tis-
sues, and the online database showed that ZNF208 TPM is 
enriched in T cells, B cells, and monocytes cells. Furthermore, 
we intended to explain the relationship between the expression 
of ZNF208 and immune infiltration levels of BRCA, and 
ZNF208 expression was significantly positively associated with 
CD8 + T cell, CD4 + T cell, macrophage, neutrophil, and den-
dritic cell. These results suggest that ZNF208 mainly improves 
the ratios of T lymphocyte and monocytes cells in breast 

cancers. It is worth to mention that immune checkpoint is a 
class of immunosuppressive molecules, and the overexpression 
or over function of these molecules suppress the immunity and 
trigger tumors and other diseases.41 Thus, we compared the 
immune checkpoint of ZNF208 in BRCA with normal tissues 
from online database, and found the CD274, CTLA4, 
HAVCR2, LAG3, PDCD1, TIGIT, and SIGLEC15 were 
highly expressed in BRCA than normal tissues. We conclude 
that immune checkpoint molecules are highly expressed in 
BRCA, and immunotherapy may be a potent therapy for 
BRCA.

The results from cBioPortal database showed that ZNF208 
gene was partially deleted in BRCA. Given that the ZNF208 
was suggested to be a tumor suppressor in BRCA, we analyzed 
the biofunction of ZNF208 in BRCA from the online data-
base. Consequently, we found that there were negative correla-
tions between ZNF208 expression and the metastasis, invasion, 
proliferation, and EMT processes of breast cancers. In sum-
mary, the ZNF208 may inhibit the malignant processes of 
tumorigenesis in BRCA.

In tumor cells, abnormal cell signaling pathways trigger 
important biological processes such as cell proliferation, metas-
tasis, and invasion.45 We intended to illustrate the potential 
molecular mechanism of ZNF208 in BRCA and the enrich-
ment analyses showed the DEGs of ZNF208 mainly involved 
in cancer pathways, MAPK and RAS signaling pathways in 
BRCA. In addition, the gene enrichment was conducted with 
coregulated 1951 DEGs of ZNF208 in BRCA, showing the 
most affected biological processes were signal transduction, cell 
communication, and cell growth and/or maintenance. As well, 
the most crucial biological pathways were epithelial-to-mesen-
chymal transition, VEGF ligand-receptor interactions and 
signaling by VEGF. Moreover, the most obviously changed 3 
molecular functions of coregulated genes were extracellular 
matrix structural constituent, cell adhesion molecule activity 
and receptor activity. All these suggests that DEGs of ZNF208 
are mainly involved in the EMT associated signaling pathways. 
As TERT and RTEL1 are indispensable for telomere length 
maintenance,46 we draw the PPI network and exhibited the 
clear interaction between ZNF208 and TERT or RTEL1. As 
known, the mitogen-activated protein kinase kinase 1 
(MAP2K1/MEK1) and proto-oncogene c-Myc (MYC) are 
crucial molecules in MAPK and RAS signaling pathways.47 
Finally, the spearman linear regression analyses showed that 
ZNF208 were negatively correlated with MEK1, MYC and 
TERT in BRCA. In conclusion, ZNF208 can regulate the 
MAPK, RAS signaling pathways, EMT associated signaling 
pathways, and telomere length.

To further validate our study, we carried out the gene 
expression and prognosis analysis of ZNF208 in BRCA. We 
found that ZNF208 mRNA expression was low in BRCA tis-
sues than normal controls, and the low expression of ZNF208 
predicting the worse prognosis of BRCA patients. As well, 
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ZNF208 protein level was lower in BRCA tissues than adja-
cent peritumoral tissues. These results further support our 
previous conclusion that ZNF208 may act as a tumor suppres-
sor in BRCA.

Nevertheless, our study had not explored the specific mech-
anism of ZNF208 acting on BRCA, and the mechanism can be 
further studied by series in vivo and in vitro experiments. 
Conclusively, we found that high expression of ZNF208 pre-
dicts better prognosis and suppresses the tumorigenesis of 
BRCA. Then, preliminary pathological detection of the 
ZNF208 protein expression can be performed on BRCA 
patients to further clarify the degree of tumor malignancy. 
Furthermore, exploring certain agonists trigger the expression 
of ZNF208, producing the corresponding protein molecules of 
ZNF208 and immunotherapy may be new ideas and methods 
for the treatment of BRCA.

Conclusions
In summary, our results revealed that the expression of ZNF208 
is lower in breast cancer relative to matched-normal tissues, 
and ZNF208 could be a prognostic biomarker in breast cancer. 
Based on the functional analysis, we speculate that ZNF208 
may inhibit the progression of breast cancer by regulating 
MAPK, RAS signaling pathways.
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