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ZNF821 as a Novel Prognostic Biomarker and its Correlation with
Infiltrating Immune Cells in Pancreatic Adenocarcinoma

Yun-Jeong Kang(®, Hye-Ran Kim@®, Jongwan Kim@®

Department of Biomedical Laboratory Science, Dong-Eui Institute of Technology

Abstract : The Zinc Finger Protein 821 (ZNF821) is a human protein that contains the 23 amino acid peptide
repeat domain. However, ZNF821 has not been examined as a predictive biomarker. This study evaluated
ZNF821, a member of the ZNF domain family, as a prognostic biomarker of various human cancers, including
pancreatic adenocarcinoma (PAAD). We also identified a correlation between ZNF821 expression and immune
cell infiltration in patients with PAAD. Bioinformatics analysis was performed using online databases such
as the University of ALabama at Birmingham CANcer data analysis Portal database analysis, Tumor Immune
Estimation Resource, Kaplan-Meier database plotter, LinkedOmics, and Gene Expression Profiling Interactive
Analysis version 2. ZNF821 expression in PAAD samples was significantly lower than normal tissue.
Additionally, ZNF821 expression was lower in nodal metastasis, primary tumor grade, tumor grade, and cancer
stages. Lower ZNF821 expression was also associated with a poorer prognosis in PAAD. ZNF821 expression
positively correlated with T cells (CD8 + and CD4 +), neutrophils, macrophages, and dendritic cells. In the
analysis of the ZNF821 co-expression networks, positively related genes of ZNF821 were associated with a high
hazard ratio in different types of cancer, including PAAD. Regarding the biological function of ZNF821, ZNF821
mainly participates in the neuropeptide signaling pathway, monoamine transport, and protein localization in the
endoplasmic reticulum. These results suggest that ZNF821 may serve as a novel prognostic biomarker for PAAD
diagnosis and provide novel insights into the cancer-immune system in PAAD.
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INTRODUCTION

Pancreatic adenocarcinoma (PAAD) is a gastrointestinal
tumor with a high mortality and incidence rate worldwide
[1-3]. PAAD is associated with risk factors such as chronic
pancreatitis, Helicobacter pylori, diabetes, obesity, alcohol
consumption, and hepatitis C infection [4-6]. PAAD has a

poor prognosis, rapid metastasis, and high prevalence [7].
Surgical resection is the therapy for PAAD, which increas-
es the 5-year survival rate to 20-30% [8]. However, because
of the extensive metastases, only approximately 20% of pa-
tients get surgical resection, and standard radiation and che-
motherapy have a poor prognosis in patients with PAAD
[9-11]. Owing to the poor prognosis of PAAD, there is a

The author(s) agree to abide by the good publication practice guideline for medical journals.

The author(s) declare that there are no conflicts of interest.

Received: December 10, 2023; Revised: December 27, 2023; Accepted: January 2, 2024
Correspondence to: Dr. Jongwan Kim (Department of Biomedical Laboratory Science, Dong-Eui Institute of Technology, 54 Yangji-ro, Busan-

jin-gu, Busan 47230, Republic of Korea)
E-mail: dahyun@dit.ac kr

(© 2024 Korean Association of Physical Anthropologists
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ISSN 2671-566X (Online)


https://orcid.org/0009-0003-2910-6351
https://orcid.org/0000-0002-9399-0503
https://orcid.org/0000-0001-6183-3100
https://crossmark.crossref.org/dialog/?doi=10.11637/aba.2024.37.1.31&domain=pdf&date_stamp=2024-3-30

32 Yun-Jeong Kang, Hye-Ran Kim, Jongwan Kim

considerable need for therapy and research on prognostic
biomarkers.

The immune system is essential in controlling tumor
progression [12]. Tumor microenvironment (TME) refers
to the microenvironment surrounding tumor cells, such as
stromal cells, peripheral blood vessels, non-cellular com-
ponents (growth factors, cytokines, etc.), immune cells, and
tumor-infiltrating immune cells (TIIC) [13,14] are recruited
to the cancer site and play an essential role in suppressing
various tumor formation and growth through induction of
angiogenesis, evasion of immune surveillance, and inhibi-
tion of apoptosis [15-19]. TME correlates with clinical out-
comes of immunotherapy [20,21]. PAAD is closely associ-
ated with immune cells, blood vessels, and fibroblasts, and
the TME comprises various innate and adaptive immune
cells [22]. Various studies have shown that TIIC plays an
important role as a prognostic marker [23].

The Zinc Finger protein (ZNF) is an essential transcrip-
tion factor in the human body and plays an essential role
in physiological mechanisms, such as cancer stem cell
regulation and muscle differentiation [24]. Abnormal ZNF
expression is associated with various diseases, including
tumor formation and progression, neurodegeneration, and
diabetes [25,26]. ZNF has been found to play an essential
role in inflammation, invasion and metastasis, cell prolif-
eration, drug resistance, apoptosis, and DNA methylation
in various cancers, including breast cancer, lung cancer,
colon cancer, hepatocellular carcinoma, breast cancer, and
gastric cancer [27-29]. ZNF821, a member of the ZNF
gene family, encodes a protein with two C2H2 zinc finger
motifs and one 23-amino acid peptide repeat domain [30-
32]. ZNF821 has been shown to have a close association
with breast cancer, as parts of the DNA repair subnetwork
have been found to be dysregulated [33]. In addition, the
overexpression of ZNF185 has been shown to inhibit
apoptosis and promote tumor growth by downregulating
transcription factor proteins in pancreatic ductal adeno-
carcinoma [34]. However, ZNF821, which shows a rela-
tionship in various cancers, has not identified a specific
mechanism related to PAAD.

In the present study, we aimed to confirm the possibility
as a biomarker of ZNF821 and its correlation with TIICs
in PAAD. We used the University of ALabama at Birming-
ham CANcer data analysis Portal (UALCAN) database
analysis, Tumor Immune Estimation Resource (TIMER),
Kaplan-Meier (KM) database plotter, and Gene Expression

Profiling Interactive Analysis version 2 (GEPIA2) pro-
grams to analyze the correlation between ZNF821 expres-
sion in patients with PAAD and investigate the correlation
between ZNF821 and TIICs. Our results potentially uncov-
ered starting strategies for diagnosing and treating PAAD
using ZNF821.

MATERIALS AND METHODS

1. TIMER analysis

TIMER (https://cistrome.shinyapps.io/timer/) provides a
comprehensive web interface for exploring tumor genom-
ics and immunology data and for visualizing systematic
analyses of immune infiltrates according to different can-
cer types. TIMER applies a deconvolution method [14] to
infer enriched TIICs from gene expression profiles, which
estimates rich immune infiltrates and contains 10,897
samples spanning 32 tumor types from The Cancer Ge-
nome Atlas (TCGA). The expression of ZNF 821 has been
studied in various tumor types. We also determined the
correlation between ZNF 821 and TIICs (dendritic cells,
CD8+ T cells, CD4 + T cells, macrophages, neutrophils,
and B cells) in patients with PAAD.

2. UALCAN database analysis

UALCAN (http://ualcan.path.uab.edu) was used to an-
alyze gene expression in normal and tumor samples using
clinical data from 31 cancer types and TCGA RNA se-
quencing [35]. Various tumors were analyzed according to
their clinicopathological characteristics, cancer stage, and
tumor grade.

3. KM plotter database analysis

KM is based on an online database [36]. The effects of
54,675 genes on survival were assessed using 10,461 cancer
samples, and associations between these genes and sur-
vival were identified in different types of cancer, including
PAAD. KM included survival rates, such as disease-free
survival (DFI), progression-free interval (PFI), disease-spe-
cific survival (DSS), overall survival (OS), and clinical data
(including nodal metastasis, stage, and grade) in patients
with PAAD. Correlations between ZNF821 expression and
survival were analyzed and presented as 95% confidence in-
tervals, calculated log-rank p-values, and hazard ratios (HR).



4. OSlihc analysis

The prognostic value of ZNF821 was confirmed using
OSlihc [37]. To analyze the predictive value of genes in
OSlihc, the survival terms DSS, PFI, DFI, and OS were
generated; OS was measured in all cohorts and combined
cohorts, while DSS, DFI, and PFI were analyzed using
TCGA.

5. LinkedOmics database analysis

The LinkedOmics database (http://www.linkedomics.
org/admin.php) analyzed 32 TCGA cancer-related multi-
dimensional databases [38]. ZNF821 co-expression was
statistically analyzed in scatterplots or heat maps using
Pearson’s correlation coefficient. Function module of the
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
ways, miRNA-target enrichment, kinase-target enrichment,
Gene Ontology biological process (GO_BP), transcription
factor-target enrichment, and LinkedOmics analyses using
gene set enrichment analysis. The rank criterion was a false
discovery rate <0.05, and 500 simulations were analyzed.

6. Gene expression profiling interactive analysis
version 2

Raw RNA-seq data downloaded from the ICGC and
TCGA databases were recalculated using UCSC Xena to
avoid inefficient differential analysis and data imbalance.
Patient survival data and differential gene expression were
integrated using interactive gene expression profiling anal-
ysis [39]. GEPIA2 performs survival analysis based on iso-
form or gene expression levels. GEPIA2 was used to gen-
erate survival curves, including disease-free survival (DFS)
and OS, based on gene expression in the 33 cancer types.
Recurrence-free survival (RFS) and OS were compared
using the log-rank test, KM method, and a 50% (median)
cutoff. A Cox proportional hazard regression model was
used to obtain HR. The parameter settings were consistent
in each analysis without adjustment for any p-value. p-val-
ue of less than 0.05 was considered statistically significant
[40].

7. Statistical analysis

Gene expression data obtained from the TIMER database
were statistically analyzed using the online tool. Survival
curves were analyzed using the ZNF821 online tool, TIM-

ZNF821 is a Prognostic Biomarker for PAAD 33

ER, and KM plots. Survival outcomes were generated as p
and HR or Cox p in a log-rank test. The log-rank test indi-
cated the significance of the difference in survival time, and
a p-value less than 0.05 was considered statistically signifi-
cant. The correlation between immune signature scores and
gene expression was analyzed using the TIMER database
and Spearman’s correlation. All data in this study were
extracted from a validated open database, and all analyses
were performed using web tools. All results are presented
as p-values of the log-rank test. Statistical significance was
set at a p-value less than 0.05.

RESULTS

1. mRNA expression of ZNF821 in PAAD and
various types of cancer

To determine the differences in gene expression of
ZNF821 between tumor and normal tissues, ZNF821 gene
expression was assessed in all tissue specimens using TIM-
ER. These results indicate that ZNF821 expression is lower
in PAAD tissues than in normal tissues. Moreover, expres-
sion in colon adenocarcinoma, glioblastoma multiforme,
Kidney Chromophobe, and rectal adenocarcinoma tumors
was lower than that in normal tissues (Fig. 1A). However,
ZNF821 expression was higher in lung squamous cell car-
cinoma, lung adenocarcinoma, liver hepatocellular carci-
noma, esophageal carcinoma, head and neck squamous cell
carcinoma, bladder urothelial carcinoma, breast invasive
carcinoma, cholangiocarcinoma, thyroid carcinoma, pros-
tate adenocarcinoma, pheochromocytoma, and paragan-
glioma than in normal tissues (Fig. 1A). Based on TIMER
analysis, a correlation between gene expression of ZNF821
and lymph node metastasis status, tumor grade, and tumor
stage in PAAD was identified. The results showed a signif-
icant correlation between ZNF821 expression levels, tumor
stage, and grade in PAAD. In the nodular metastatic state,
ZNF821 was expressed at a lower level in NO than in the
normal tissue (Fig. 1B-D). These results show that ZNF821
expression is downregulated in PAAD.

2. The prognostic significance of ZNF821 gene
expression in PAAD

We investigated whether ZNF821 expression correlat-
ed with PAAD prognosis. Therefore, both ZNF821 gene
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Fig. 1. ZNF821 gene expression in various types of cancer, including PAAD. (A) High or low expression of ZNF821 gene expression in
different human tumor tissues compared with normal tissues using the TIMER database. The expression of the ZNF821 gene in tumor stage
(B), tumor grade (C), and lymph node metastasis status (D) compared with normal tissues using the UALCAN database (*p <0.005).

expression and survival rates were evaluated in PAAD
using the KM plotter and OSlihc web server. The findings
revealed that low gene expression of ZNF821 was associ-
ated with a poorer prognosis in PAAD (OS: HR=048, p
<0.001; RFS: HR=0.62, p=0.26; Fig. 2A). In addition,
low ZNF821 expression had a statistically significant cor-
relation with clinical features associated with poor OS con-
cerning DFI, PFI, and DSS (Fig. 2B).

3. Correlation between the ZNF821 gene and
infiltrating immune cells in PAAD

Our results revealed that ZNF821 genes were positive-
ly associated with infiltration levels of CD4+ T cells
(r=0.366, p<0.001), CD8+ T cells (r=0.31, p<0.001),
B cells (r=0.072, p=0.348), neutrophil (r=0.17, p=
0.0263), macrophages (r=0.32, p<0.001), and dendritic

cells (r=0.241, p<0.001) in PAAD (Fig. 3A). Then, we
determined whether ZNF821 was associated with prog-
nosis and TIICs in PAAD. The results revealed that low
ZNF821 gene expression combined with high infiltration
levels of CD8 + T cells or dendritic cells was associated
with a worse prognosis than high ZNF821 gene expression
together with low CD8 + T cell or dendritic cell infiltration
levels. Low ZNF821 expression and low neutrophil infil-
tration levels were associated with a worse prognosis than
high ZNF821 expression. In addition, low ZNF821 gene
expression combined with low infiltration levels of either
macrophages or CD4 + T cells was associated with a worse
prognosis than high ZNF821 gene expression together with
high neutrophil or macrophage infiltration levels (Fig. 3B).
These results suggest that low ZNF821 expression is asso-
ciated with immune cell infiltration.
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Fig. 2. The prognostic significance of low ZNF821 gene expression in PAAD. ZNF821 was analyzed for prognostic significance using the
Kaplan-Meier plotter database (A) and the OSlihc (B). OS, Overall survival; RFS, Recurrence-free survival; DFI, Disease-free-survival;

PFI, Progression-free interval; DSS, Disease-specific survival.

4. ZNF821 gene co-expression in PAAD

A total of 11,524 genes (dark red dots) were positively
correlated with ZNF821, and 8,170 genes (dark green
dots) were negatively correlated (Fig. 4A). A heat map
was used to identify the top 50 genes positively correlated
with ZNF821 (Fig. 4B) and negatively correlated with
ZNF821 (Fig. 4C). We further analyzed the biological
pathway classification of GO and found that ZNF821
and its co-expressed genes were involved in the neuro-
peptide signaling pathway, monoamine transport, protein
localization to the endoplasmic reticulum, mitochondrial
respiratory chain complex assembly, and NADH dehydro-
genase complex assembly (Fig. 5A). KEGG analysis was
performed and results showed that co-expressed genes
were enriched in the ribosome, oxidative phosphorylation,
Parkison disease, synaptic vesicle cycle, primary immuno-
deficiency, nicotine addiction, maturity onset diabetes of
the young, neuroactive ligand-receptor interaction, other
types of O-glycan biosynthesis, retrograde endocannabi-
noid signaling, and intestinal immune network for IgA pro-
duction (Fig. 5B). ZNF821 gene showed a positive asso-
ciation with expression of KLHL22 (r=0.646, p<0.001),
EGFL7 (r=0.6409, p<0.001), CHSTS8 (r=0.6312,

p<0.001), RANGRF (r=0.6278, p<0.001), LOC40
1431 (r=0.6258, p<0.001), and PCSKIN (r=0.6257,
p<0.001) (Fig. 6). These results suggest that ZNF821
plays a prognostic role in PAAD by regulating the tran-
scriptome.

5. The predictive value of ZNF821-related gene in
PAAD

We investigated the predictive value of ZNF821-related
genes in PAAD using the ZNF821 database. The results
of the present study showed that patients with low gene
expression of ZNF821 had significantly shorter survival
times than those with high expression. Lower expres-
sion of ZNF821 was associated with poorer prognosis in
PAAD (OS, HR=042, p<0.001; DFS, HR=0.58, p=
0.014; Fig. 7A). Then, we analyzed the survival map of
ZNF821-related genes in various types of cancers, includ-
ing PAAD. These results indicate that ZNF821-related
genes are likely high-risk genes in PAAD. Thirty genes
showed a low HR for OS (p <0.05), and 24 genes had low
HR for DFS (Fig. 7B, C). In contrast, 29 of the negative
genes had a high HR for OS (p<0.05), and 17 genes had
a high HR for DFS (Fig. 7D, E).
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Fig. 3. Correlation between the ZNF821 gene and infiltrating immune cells in PAAD. (A) The correlation between the ZNF821 gene and
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Fig. 4. ZNF821 gene co-expression in PAAD. ZNF821 co-expression genes were analyzed using the LinkedOmics database. (A) Highly
correlated genes of ZNF821 were tested using the Pearson test in the PAAD cohort. Heat maps showing the top 50 genes positively and
negatively correlated with ZNF821 gene in PAAD. Genes with positive correlation are shown in red (B), and genes with negative correla-

tion are shown in blue (C).

DISCUSSION

PAAD is a malignant tumor that frequently occurs in
the digestive system and originates in the pancreatic duc-
tal epithelial and follicular cells [41]. PAAD is one of the
most lethal major cancers worldwide [42,43]. PAAD is a
locally metastatic disease that is diagnosed at an advanced
stage because of the lack of early diagnostic methods [44].
Therefore, the need for biomarkers is emerging for the
effective prognostic and diagnostic evaluation of PAAD.
PAAD is closely related to the immune system and regu-
lates the development, growth, and drug responsiveness
of malignant tumors [45].

Recently, TME has become more important as an im-
munotherapy for malignancies, and several studies have

shown that functional changes and proportions of TIICs
are closely related to the prognosis, incidence, and pro-
gression of PAAD [46-48]. TIICs can potentially advance
tumor infiltration, and the immune system regulates can-
cer progression [49-51].

ZNF is an important transcription factor encoded by
the human genome [29]. The diverse combinations and
functions of zinc finger motifs make zinc finger proteins
versatile in various biological processes, including auto-
phagy, metabolism, differentiation, and development [52-
54]. ZNF821 controls DNA repair networks and is closely
associated with dysregulation of cancer development and
growth [55]. ZNF821 has been associated with malignan-
cy and has been found to be involved in dysregulation of
the DNA repair subnetwork in breast cancer patients [56].
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with the prognosis of OS in PAAD.

However, the prognostic significance of ZNF821 expres-
sion in PAAD remains unclear.

We studied the expression levels of ZNF821 in PAAD
using TIMER and UALCAN databases. Based on the
TIMER database, we found that the gene expression of
ZNF821 was higher or lower in various cancers. It sug-
gests that gene expression differs according to the type
of cancers. Based on the UALCAN database, ZNF821
expression was lower in the cancer stages I, II, III, and
IV, tumor grades I, II, III, and IV, and nodal metastasis
statuses NO and N1 in PAAD. Based on these results, we
analyzed the prognostic significance of low ZNF821 ex-
pression in PAAD. Analysis of the GEPIA, OSlihc, and
KM plotters revealed that low expression of ZNF 821 cor-
related with poor prognosis in PAAD. Low ZNF821 ex-
pression correlated with a high HR for poor survival rates.
A study on genes associated with survival in patients with
PAAD showed that the overexpression of centrosome

and spindle pole-associated protein was associated with
poor prognosis [57]. Spliced transcript variants encoding
multiple isoforms for this gene control the DNA repair
subnetwork and are closely associated with dysregulation
of cancer development and growth [58,59].

ZNF821 is closely associated with the levels of TIICs
in PAAD. Based on the TIMER database, we showed a
positive correlation between the expression of ZNF821
in PAAD and TIICs, such as dendritic cells, neutrophils,
macrophages, CD8 + T cells, and CD4+ T cells. More-
over, we observed low ZNF821 expression in the infiltrat-
ing immune cells and poor PAAD prognosis. In particular,
low gene expression of ZNF821 and high invasion levels
of CD8+ T cells, neutrophils, or dendritic cells led to
worse prognosis than high gene expression of ZNF821
and low invasion levels of CD8 + T cells, neutrophils,
and dendritic cells. Similarly, low levels of CD4 + T cells
or macrophages and low gene expression of ZNF821
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Fig. 7. The prognostic significance of ZNF821-related genes in PAAD. The prognostic significance of ZNF821-related genes was analyzed
using the GEPIA?2 database. (A) Survival curve of ZNF821 gene in overall survival (OS) and disease-free survival (DFS). Survival map of
the negative-related genes of ZNF821 in OS (B) and DFS (C). Survival map of the positive-related genes of ZNF821 in OS (D) and DFS (E).
Heatmap represents log10 (HR) of genes in PAAD. A square with a bold border indicates p-values less than 0.05 in survival analysis.

were associated with a worse prognosis than high levels
of invasion of CD4+ T cells or macrophages and high
gene expression of ZNF821. TIICs impair T regulatory
cell responses in the TME [60]. In patients with PAAD,
the numbers of dendritic cells, CD8+ T cells, CD4+ T
cells, and neutrophils are significantly correlated [61].

We showed that ZNF821 plays a critical role in the con-

trol of immune cells and the prognosis of PAAD through
TIICs. In the ZNF821 gene co-expression network analy-
sis, 11,524 genes were positively associated with ZNF821,
and 8,170 genes were negatively associated with ZNF821.
ZNF821 is likely a high-risk gene for PAAD. Thirty neg-
ative genes related to ZNF821 showed high HR for OS,
and twenty-four negative genes showed high HR for DFS.



Twenty-nine positive genes related to ZNF821 showed
low HR in OS, whereas 17 genes in DFS showed low
HR. In this study, biological process enrichment analysis
showed that the ZNF821 gene was closely related to the
neuropeptide signaling pathway, monoamine transport,
and protein localization to the endoplasmic reticulum in
PAAD, and KEGG analysis showed that it was closely
related to the ribosome, oxidative phosphorylation, and
synaptic vesicle cycle.

In conclusion, our findings showed that low ZNF821
expression is associated with poor prognosis and TIICs
in PAAD. This study suggests that ZNF821 may play an
important role in the immunotherapy and prognosis of
various cancers, including PAAD. However, further stud-
ies on the potential control and immune mechanism of
ZNF821 in PAAD are needed.
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