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Abstract

Objectives: Zinc Finger Protein 536 (ZNF536) is a highly conserved zinc finger protein, acting as DNA-binding transcrip-
tion suppressor, and negatively regulating neuron differentiation. However, the role of ZNF536 in cancers is still unknown.
Methods: In this study, we aim to comprehensively explore the biologic and prognostic implication of ZNF536 in pan-
cancer by multi-layered analysis. The mRNA differential expression and DNA methylation of ZNF536 in pan-cancer and
normal controls based on The Cancer Genome Atlas (TCGA) and Genotype Tissue-Expression (GTEx) data were inter-
preted. Immunohistochemistry was performed on a tissue micro-array to detect the protein expression of ZNF536. The
prognostic implication of ZNF536 in pan-cancer was studied by survival analysis. The cBioPortal database was used to
display ZNF536 genomic alterations. The co-expression of ZNF536 and immune-related genes in pan-cancer was inves-
tigated. Further research was made on the relationship between ZNF536 expression and tumor immune microenviron-
ment. CancerSEA was employed to excavate the ZNF536 expression at single cell level with different cancer function.
The biological function of ZNF536 in pan-cancer was exhibited by gene enrichment analysis.

Results: The ZNF536 mRNA was highly expressed in 4 out of 33 cancers, but lowly expressed in 22 cancers. Immunohis-
tochemistry on the tissue micro-array confirmed the high expression of ZNF536 protein in pancreatic adenocarcinoma
(PAAD) and low expression in stomach adenocarcinoma (STAD). DNA hypermethylation in prostate adenocarcinoma
(PRAD) was observed, which might result in its down-regulated expression. High expression of ZNF536 predicted poor
prognosis in 5 cancers, but predicted favorable prognosis in 2 cancers. Genomic alterations of ZNF536 showed mu-
tation in 26 cancers and amplification in 20 cancers. The altered group usually had worse prognosis. ZNF536 mRNA
expression was correlated with the degree of immune infiltrates in pan-cancer. Single cell sequencing and gene enrich-
ment analysis showed that the ZNF536-correlated genes might regulate a variety of biological processes in pan-cancer,
mainly via angiogenesis pathway.

Conclusion: Our results indicated that ZNF536 might be a prognostic and immune-related biomarker for specific ma-
lignancies through the angiogenesis pathway.
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inc finger proteins constitute one of the biggest fami-  entiation and development. Moreover, recent researches
lies of transcription factors in human genetics, charac-  have demonstrated that zinc finger proteins participated
terized by conserved zinc finger motifs. They are essential  in the development in multiple cancers. In colon adeno-
for several biological processes, including apoptosis, differ-  carcinoma, zinc finger protein 750 (ZNF750) facilitated car-
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cinogenesis and influenced pharmacotherapy response,
the former function exerted through up-regulating the
long non-coding RNA CYTOR.@ Another two zinc finger
proteins, ZNF384 and ZNF655, promoted tumor progres-
sion via transcriptional regulation of Cyclin D1 and AURKA
in hepatocellular carcinoma and glioma, respectively.t4 In
addition, a zinc finger gene signature, covering ZNF644,
ZNF341, ZNF541 and ZNF653, was identified as a predic-
tor of radiosensitivity in breast cancer.® For the aspect of
therapy, zinc finger proteins have been conducted to serve
as an anti-viral factor, typically in targeting HIV.®”! Another
popular target of zinc finger proteins is poly (ADP-ribose)-
polymerases (PARPs), as well known, whose inhibitor has
been utilized in diverse cancers. In addition, substitution of
Zn* by another metal ion in the zinc fingers emerged as a
novel inhibition strategy.® Thereby, the zinc finger proteins
could be considered as a therapeutic target in human dis-
eases, which deserve in-depth study.

Zinc Finger Protein 536 (ZNF536) gene is located on chro-
mosome 19912, encoding a highly conserved zinc finger
protein with C2H2 domains. It has DNA-binding transcrip-
tion repressor activity, RNA polymerase Il-specific and
RNA polymerase Il cis-regulatory region sequence-specific
DNA binding activity, involving in negative regulation of
transcription by RNA polymerase Il (https://www.alliance-
genome.org/). To date, there are few studies on ZNF536.
It was firstly reported as a transcriptional suppressor that
negatively regulates neuron differentiation by repressing
retinoic acid-induced gene transcription.” The specific
mechanism was to bind and interrupt RARA from bind-
ing to retinoic acid response elements (RARE) composed
of tandem 5'-AGGTCA-3' sites known as DR1-DR5.®! As an
important paralog of ZNF536, ZNF516 was found to be a
tumor suppressor via blocking the transcription of Sox2 to
suppress the proliferation, invasion, and stem cell-like char-
acteristics in colorectal cancer cells.'"? It was also reported
that ZNF516 inhibited EGFR transcription by interaction
with the complex of CtBP/LSD1/CoREST in breast cancer
cells.'"" However, there are no studies focusing on the as-
sociation between ZNF536 and any cancer so far, let alone
pan-cancer analysis.

In this article, we explored the mRNA differential expres-
sion and DNA methylation of ZNF536 in pan-cancer and
normal controls based on The Cancer Genome Atlas (TCGA)
and Genotype Tissue-Expression (GTEx) data. Immuno-
histochemistry was performed on a tissue micro-array to
detect the protein expression of ZNF536. The prognostic
implication of ZNF536 in pan-cancer was studied by sur-
vival analysis. Then the cBioPortal database was used to
display ZNF536 genomic alterations. The co-expression
of ZNF536 and immune-related genes in pan-cancer was

investigated. Further research was made on the relation-
ship between ZNF536 expression and tumor immune mi-
croenvironment. Meanwhile, CancerSEA was employed to
excavate the ZNF536 expression at single cell level with
different cancer function. Finally, the biological function of
ZNF536 in pan-cancer was exhibited by gene enrichment
analysis. To the best of our knowledge, it is the first study
to elucidate the biologic and prognostic implication for
ZNF536 in pan-cancer by comprehensive analysis. The re-
sults indicated that ZNF536 might be a prognostic and im-
mune-related biomarker for specific malignancies through
the angiogenesis pathway.

Methods

Analysis of Gene Expression and Methylation

UCSC XENA (https://xenabrowser.net/datapages/) RNAseq
data in TPM format for TCGA and GTEx were processed uni-
formly by the Toil 12 to preform group comparison. Pair-
wise analysis was performed by downloading and collat-
ing RNAseq data from the TCGA-ALL (pan-cancer) project
STAR process in the TCGA database (https://portal.gdc.
cancer.gov). With the exception of missing information and
duplicate values, the expression data were transformed us-
ing log, (value+1). The differential expression was analyzed
by R software (version 4.2.1) and visualized by ggplot2
(version 3.3.6). Besides, the distinct expression profiles of
ZNF536 between pan-cancer and their adjacent normal tis-
sues were examined using TIMER2.0. The ZNF536 promoter
differential methylation in all TCGA cancers was explored
using UALCAN. The connection between ZNF536 expres-
sion and patients' pathological stage was investigated by
GEPIA2.0.

Immunohistochemistry on Tissue Micro-Array

To date, there has been no expression profile of ZNF536
protein in public databases. Herein, the protein expres-
sion of ZNF536 was detected by immunohistochemistry
on a human tissue micro-array (Cat No. HOrgC120PGO04,
5, Shanghai Outdo Biotech Co., Ltd., Shanghai, China).
The Ethics Committee of Shanghai Outdo Biotech Co.,
Ltd. approved the study using those human subjects (No.
SHYJS-CP-1901007). The tissue micro-array has a total of
120 points, with a diameter of 1.5 mm of each point. There
are 11 kinds of common cancers (2-6 cases per kind) with
1 point each of cancer and its adjacent tissue, and there
are 8 kinds of normal human tissues (1-4 cases per kind).
The cancers include thyroid papillary carcinoma, esopha-
geal squamous cell carcinoma, stomach adenocarcinoma,
colon adenocarcinoma, rectum adenocarcinoma, hepato-
cellular carcinoma, pancreatic carcinoma, lung squamous



cell carcinoma, lung adenocarcinoma, breast invasive car-
cinoma, and renal clear cell carcinoma. Normal human tis-
sues include thyroid, esophagus, stomach, colon, rectum,
liver, pancreas, and lung. The micro-array was treated with
EDTA (pH 9) buffer for heat-mediated antigen retrieval be-
fore commencing with the immunohistochemical staining
protocol. The primary antibody against ZNF536 (Invitro-
gen, Catalog # PA5-24338) with a concentration of 5ug/mi
(1:100 dilution) was utilized, followed by HRP-conjugated
secondary antibody and DAB staining.

Survival Analysis in Pan-Cancer

The mRNA expression of ZNF536 and clinical data in pan-
cancer were obtained from TCGA database. The expression
was divided into high and low group with a cut-off value
of 50%. Cox proportional hazard models with log-rank
test and Kaplan-Meier plotter was preformed to evaluate
the correlation between ZNF536 expression and patients’
prognosis. The survival parameters included overall sur-
vival (OS), progress free interval (PFl) and disease specific
survival (DSS). Proportional hazard hypothesis testing and
fitted survival regression were performed using survival
package (version 3.3.1). The results were visualized using
the survminer and ggplot2 package (version 3.3.6).

Genomic Alterations

The genomic alterations of ZNF536 in the TCGA pan-can-
cer datasets were examined using the cBioPortal database
(http://www.cbioportal.org/), including alteration frequen-
cy, mutation site, mutation types and related genes altera-
tion frequency in ZNF536 altered and unaltered group. The
survival analysis for pan-cancer with or without ZNF536 al-
teration was explored as well. The three-dimensional (3D)
candidate protein was conducted using the SWISS-model
(https://www.swissmodel.expasy.org) with a UniProt code
015090, and the mutated structure was analyzed and visu-
alized using PyMol (http://www.pymol.org).

Association with Tumor Immune Microenvironment

The prior gene list was obtained from ImmPort (https://
www.immport.org/), containing 2483 immune-related
genes, involving MHC molecules, immune stimulators, im-
mune inhibitors, chemokines and et al. The R-packages
“reshape2” and “RColorBrewer” were used to process the
relationship between ZNF536 and immune-related genes.
The association between ZNF536 expression and immune
infiltration in various TCGA cancers were assess by the TIM-
ER2.0 online tool. Furthermore, Spearman’s coefficient was
calculated to show the correlation. The absolute value of
the coefficient represented the degree of correlation: 0-0.3
represented weak or uncorrelated, 0.3-0.5 represented
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weak correlation, 0.5-0.8 indicated moderate correlation,
and 0.8-1 indicated strong correlation.

Single Cell Sequencing

The CancerSEA database (http://biocc.hrbmu.edu.cn/Can-
cerSEA/) is dedicated to decode multiple functional states
of pan-cancer cells at single cell level, which contains an-
giogenesis, apoptosis, cell cycle, differentiation, DNA dam-
age, DNA repair, epithelial mesenchymal transition (EMT),
hypoxia, inflammation, invasion, metastasis, proliferation,
quiescence and stemness. Based on the data of single cell
sequencing, relevance of ZNF536 across the 14 functional
states in distinct cancers was analyzed. The ZNF536 expres-
sion distribution of cells were described by T-SNE diagrams.

Gene Enrichment Analysis

Through the use of the R-packages “clusterProfiler’, the
Gene Set Enrichment Analysis (GSEA) of the biological
functions of ZNF536 in pan-cancer was performed. The
protein-protein interaction (PPI) network was displayed us-
ing BioGRID (https://thebiogrid.org/). The top 100 ZNF536-
correlated genes from all TCGA tumor and normal tissues
were gathered in GEPIA2.0 website. Then, we used Pearson
correlation analysis to determine the relationship between
ZNF536 and the chosen genes. To investigate the underly-
ing biological processes and signaling pathways impacted
by ZNF536 in TCGA cancers, Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis were performed as well.

Statistical Analysis

The expression differences were investigated using Wil-
coxon rank sum test. While the correlations between two
groups were evaluated by Spearman rank test. Kaplan-Mei-
er survival curves were used to examine the prognosis us-
ing log-rank test and Cox regression model by calculating
the hazard ratio. P-values less than 0.05 were considered
statistically significant.

Results

Differential mRNA Expression and DNA Methylation
of ZNF536 in Pan-Cancer

Differential expression analysis of ZNF536 mRNA based
on TCGA and GTEx data demonstrated that there were
significant differences in various cancers and their nor-
mal or adjacent tissues (Figure 1A and Supplementary
Figure S1A). Analysis by TIMER2.0 obtained the similar
results (Figure 1B). The highly expressed ZNF536 was in
kidney chromophobe (KICH), pancreatic adenocarcinoma
(PAAD), thymoma (THYM), and uterine carcinosarcoma
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Figure 1. Differential mRNA expression and DNA methylation of ZNF536 in pan-cancer. Differential
expression of ZNF536 mRNA based on TCGA and GTEx data (a). ZNF536 mRNA expression in differ-
ent cancer types in TIMER (b). ZNF536 expression levels and the pathological stages were analyzed
using GEPIA2.0 (c). Promoter methylation values of ZNF536 between normal and primary tumor
tissues were analyzed using UALCAN (d). * represented p<0.05, ** represented p<0.01, and *** rep-

resented p<0.001.

(UCS). Whereas, in adrenocortical carcinoma (ACC), blad-
der urothelial carcinoma (BLCA), breast invasive carci-
noma (BRCA), cervical endocervical adenocarcinoma and
squamous cell carcinoma (CESC), colon adenocarcinoma
(COAD), esophageal carcinoma (ESCA), glioblastoma mul-
tiforme (GBM), head and neck squamous cell carcinoma
(HNSC), kidney renal clear cell carcinoma (KIRC), kidney
renal papillary cell carcinoma (KIRP), brain lower grade
glioma (LGQ), liver hepatocellular carcinoma (LIHC), lung
adenocarcinoma (LUAD), lung squamous cell carcinoma
(LUSC), ovarian serous cystadenocarcinoma (OV), prostate
adenocarcinoma (PRAD), rectum adenocarcinoma (READ),

skin cutaneous melanoma (SKCM), stomach adenocarci-
noma (STAD), testicular germ cell tumors (TGCT), thyroid
carcinoma (THCA), and uterine corpus endometrial car-
cinoma (UCECQ), it was decreased (Supplementary Figure
S1B). We further investigated the relationship between
the level of ZNF536 mRNA and the pathological stages of
cancers using GEPIA2.0. In OV, PAAD, and THCA, we found
obvious impact of ZNF536 mRNA expression on the pa-
tients’stages (Figure 1C). The promoter methylation levels
of ZNF536 in pan-cancer were explored by UALCAN on-
line tool. The DNA methylation was significantly elevated
in cholangiocarcinoma (CHOL) and PRAD, while declined



in BLCA, BRCA, COAD, KIRC, KIRP, LUAD, LUSC, pheochro-
mocytoma and paraganglioma (PCPG), and READ (Figure
1D and Supplementary Figure S1C).

Protein Expression of ZNF536 in Multiple Cancer
Tissues

Due to the limitation of sample size, there were statistical
significance in only two cancer types, as shown in Table
1. The ZNF536 expression was significantly decreased in
STAD (n=5) compared with its adjacent tissue, while signifi-
cantly increased in PAAD (n=4) (Figure 2A-B). ZNF536 was
also found to be expressed in a considerable number of

Table 1. The protein expression of ZNF536 in pan-cancer on a
tissue micro-array

Cancer type n Expression p
Positive Negative

THCA >0.9999 (ns)
cancer 3 3 0
adjacent 3 3 0

ESCC >0.9999 (ns)
cancer 4 1 3
adjacent 4 2 2

STAD 0.0286 (*)
cancer 4 0 4
adjacent 4 4 0

COAD 0.5455 (ns)
cancer 6 5
adjacent 6 3 3

READ >0.9999 (ns)
cancer 4 3
adjacent 4 2 2

LIHC >0.9999 (ns)
cancer 6 6 0
adjacent 6 6 0

PAAD 0.0476 (*)
cancer 5 5 0
adjacent 5 1 4

LUSC >0.9999 (ns)
cancer 4 0 4
adjacent 4 0 4

LUAD >0.9999 (ns)
cancer 6 5 1
adjacent 6 5 1

KIRC >0.9999 (ns)
cancer 5 5 0
adjacent 5 4 1

Normal tissue 18 14 4 NA

Fisher’s exact test was applied to compare ZNF536 expression between
cancer and adjunct tissue. n represented number of cases, ns represented
no statistical significance, * represented p<0.05.
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specific cancer types, including THCA (n=3), COAD (n=6),
READ (n=4), LIHC (n=6), LUAD (n=6) and KIRC (n=5), with
no discernible difference (Figure 2C-H). In ESCA (n=4) and
LUSC (n=4), it showed low expression without significance
as well (Figure 2I-J). The results of 18 normal tissues exhib-
ited that ZNF536 was expressed in thyroid (n=4), stomach
(n=2), colon (n=2), liver (n=1), pancreas (n=1), and lung
(n=4), while was not expressed in esophagus (n=2) and
rectum (n=2) (Supplementary Figure S2A-H).

Prognostic Prediction of ZNF536 in Pan-Cancer

’

The OS, PFl and DSS were assessed to display the patients
prognosis in pan-cancer. High expression of ZNF536
mMRNA corresponded shorter OS, PFl and DSS in ACC (OS:
p=0.016, HR=2.74; PFl: p=0.013, HR=3.02; DSS: p=0.006,
HR=2.50), KIRP (OS: p=0.017, HR=2.12; PFl: p=0.009,
HR=2.99; DSS: p=0.008, HR=2.08) and uveal melanoma
(UVM) (OS: p=0.008, HR=3.34; PFI: p=0.008, HR=3.61; DSS:
p=0.006, HR=3.00) (Figure 3A-C). In KIRC (OS: p=0.016,
HR=1.45; PFl: p=0.085, HR=1.40; DSS: p=0.413, HR=1.14)
and oral squamous cell carcinoma (OSCC) (OS: p=0.028,
HR=1.44; PFl: p=0.068, HR=1.47; DSS: p=0.126, HR=1.30),
the expression level was only significantly associated with
OS (Supplementary Figure S3A-B). On the contrary, high
expression of ZNF536 mRNA predicted favorable prog-
nosis with lengthened OS, PFl and DSS in GBMLGG (OS:
p=0.011, HR=0.73; PFl: p=0.017, HR=0.74; DSS: p=0.007,
HR=0.75) (Figure 3D), and with lengthened OS and DSS in
PRAD (OS: p=0.040, HR=0.11; PFI: p=0.999, HR=0.00; DSS:
p=0.006, HR=0.56) (Supplementary Figure S3C). The Cox
proportional hazards model of ZNF536 mRNA expression
in pan-cancer was summarized and listed in Table 2.

Genomic Alterations of ZNF536 in Pan-Cancer

The genomic alterations of ZNF536 were explored using
cBioPortal with data based on TCGA, PanCancer Atlas. The
highest frequency of amplification (31.58%) was in UCS,
and the highest frequency of mutation (20.32%) was in
LUAD (Figure 4A). The most mutation type was missense,
followed by truncating, splice and SV/fusion (Figure 4B). A
missense mutation of E549K was detected in 2 UCECs and 4
SKCMs. The wild-type and mutated ZNF536 were modeled
by PyMol which showed no effect of E549K residue change
on the polar contact with their around amino acid N547
(Figure 4C). The main putative copy-number alterations of
ZNF536 were diploid, shallow deletion and gain (Supple-
mentary Figure S4A). Compared with unaltered group,
the alteration frequency of MFSD13B, TP53, TTN, MUC16,
CSMD3, LRP1B, URI1, CCNE1, TSHZ3, and RYR2 were elevat-
ed obviously in ZNF536 altered group (Figure 4D). More-
over, the OS and PFI were slightly lower in altered group
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Figure 2. Protein expression of ZNF536 in multiple cancer tissues of STAD (a), PAAD (b), THCA (c),
COAD (d), READ (e), LIHC (f), LUAD (g), KIRC (h), ESCA (i) and LUSC (j). They were all originally mag-
nified principal images (x200) with a scale bar of 30um.

than unaltered group (Supplementary Figure S4B).

Relationship Between ZNF536 Expression and
Tumor Immune Microenvironment

Through investigating the co-expression of ZNF536 and
immune-related genes, we found that the majority of im-
mune-related genes and ZNF536 mRNA expression level
were highly associated, suggesting that ZNF536 may play
a role in mediating immune escape. The mRNA expres-
sion of ZNF536 was observed to be linked with at least
30 immune-related genes, including TNFRSF9, CD86,
TIGIT, TNFSF15, BTNL2, TNFSF14, CD80, CTLA4, CD40LG,
ICOS, LAIRT and NRP1, in COAD, PRAD, TGCT and THCA
(Supplementary Figure S5A). There were correlations of
ZNF536 mRNA expression with immune infiltration levels
in diverse cancer types. In BRCA, CESC, HNSC, KIRC, KIRP,
LUSC, PRAD, THYM, and UCEC, the mRNA expression of
ZNF536 was positively correlated with infiltration of can-
cer associated fibroblasts predominantly (Supplementa-
ry Figure S5B). Other obvious positive correlations were
observed with Tregs and B cells both in COAD and ESCA
(Supplementary Figure S5B). In UVM, ZNF536 mRNA ex-
pression was positively correlated with most immune
infiltrates, among which the coefficient (R=0.590) of Tgd
was the highest (Supplementary Figure S5C). While in

ACC, the relationship was negative in most immune infil-
trates, with the lowest coefficient (R=-0.580) of immature
dendritic cells (iDC) (Supplementary Figure S5C). Fur-
thermore, there were 16 types of immune infiltrates re-
lated with ZNF536 mRNA expression in ACC, 12 in PRAD,
7 in PAAD, and 7 in UCS (Figure 5). In the rest cancers, the
related cell types were less than 5, or had no statistical
significance.

Analysis of ZNF536 at Single Cell Level

As remarkably exhibited by the heat map (Figure 6A),
the ZNF536 mRNA expression was positively related
with angiogenesis and differentiation, while negatively
related with apoptosis, cell cycle, DNA damage, DNA re-
pair, EMT, hypoxia, invasion, metastasis, quiescence and
stemness in GBM. In retinoblastoma (RB), there were
positive correlations between ZNF536 mRNA expression
and angiogenesis, differentiation, inflammation, metas-
tasis, quiescence and stemness, and there were nega-
tive correlations between ZNF536 mRNA expression and
apoptosis, cell cycle, DNA damage, DNA repair and inva-
sion. The substantial association between the mRNA ex-
pression of ZNF536 and invasion and DNA repair in GBM,
angiogenesis, differentiation, inflammation, DNA repair,
DNA damage, and cell cycle in RB, DNA repair and apop-
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Figure 3. Survival analysis of ZNF536 in pan-cancer. ZNF536 mRNA was negatively associated with
OS, PFland DSS in ACC (a), KIRP (b) and UVM (c). High expression of ZNF536 mRNA predicted favor-
able prognosis with lengthened OS, PFl and DSS in GBMLGG (d).

tosis in UM, and quiescence, differentiation, cell cycle
and proliferation in acute lymphoblastic leukemia (ALL)
was shown in Supplementary Figure S6A-D. In addition,
ZNF536 mRNA expression profiles from GBM, RB, UM,
and ALL single cells were displayed by T-SNE diagrams

(Figure 6B).

Biological Function of ZNF536 in Pan-Cancer

The primary biological pathways in pan-cancer impacted
by ZNF536 was investigated using GSEA. Given GO analy-
sis, we found that ZNF536 positively regulated signaling
pathways in ACC, BLCA, BRCA, COAD, DLBL, ESCA, HNSC,

KIRC, KIRP, LIHC, LUAD, LUSC, SARC, STAD, UCEC, and UVM,
while negatively regulated signaling pathways in LGG,
MESO, OV, and THCA (Figure 7A-H). The main biological
pathways of ZNF536 involved in pan-cancer included ar-
tery morphogenesis, mRNA cis splicing via spliceosome,
protein localization to cell surface, cholesterol metabolic
process, endothelial cell differentiation, immunoglobulin
complex, cardiac muscle tissue development, and so on.
In addition, the network of ZNF536 and its related genes
was displayed using BioGRID online tool (Supplementary
Figure S7A). 10 of top 100 ZNF536 related genes, AATK,
PLP1, CNTN2, CNP, MOG, ERMN, GPR62, PRR18, MBP, and
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Table 2. Cox proportional hazards model of ZNF536 mRNA expression in pan-cancer

Cancer (013 DSS PFI
P HR P HR P HR

ACC 0.016 2.74(1.20-6.24)  0.013 3.02(1.27-7.21) 0.006 2.50(1.31-4.78)
BLCA 0.806 1.04 (0.77-1.39)  0.353 1.18 (0.83-1.68) 0418 1.13(0.84-1.51)
BRCA 0.736 0.95(0.69-1.30)  0.302 1.25(0.82-1.92) 0.271 1.20 (0.87-1.66)
CESC 0.640 0.90 (0.56-1.42)  0.289 0.75 (0.44-1.28) 0.520 0.86 (0.54-1.36)
CHOL 0.839 1.10(0.42-2.88)  0.846 1.11 (0.40-3.07) 0.900 0.95 (0.39-2.27)
COAD 0.177 0.76 (0.51-1.13)  0.254 0.75 (0.45-1.23) 0.694 0.93 (0.66—1.32)
COADREAD 0.285 0.83 (0.58-1.17) 0.310 0.79 (0.51-1.24) 0.580 1.09 (0.80-1.48)
DLBC 0.244 0.38 (0.07-1.95)  0.885 0.87 (0.12—6.17) 0.118 0.33 (0.08-1.33)
ESAD 0.646 0.86 (0.46-1.62) 0.969 0.99 (0.47-2.07) 0.530 0.82 (0.45-1.51)
ESCA 0.387 0.81(0.49-1.31) 0.314 0.74 (0.42-1.32) 0.922 0.98 (0.63—-1.52)
ESCC 0.368 0.69 (0.31-1.54) 0.120 0.44 (0.16-1.24) 0.482 1.26 (0.66-2.41)
GBM 0.868 1.03 (0.73-1.44)  0.830 1.04 (0.73-1.49) 0.674 0.93 (0.66-1.30)
GBMLGG 0.011 0.73 (0.58-0.93) 0.017 0.74 (0.57-0.95) 0.007 0.75 (0.61-0.93)
HNSC 0.163 1.21(0.93-1.58)  0.240 1.23(0.87-1.74) 0.158 1.23 (0.92-1.63)
KICH 0.900 1.09 (0.29-4.05)  0.855 1.15 (0.26-5.14) 0.409 1.68 (0.49-5.74)
KIRC 0.016 1.45(1.07-1.95)  0.085 1.40 (0.95-2.04) 0413 1.14 (0.83-1.55)
KIRP 0.017 2.12(1.15-3.93)  0.009 2.99 (1.32-6.80) 0.008 2.08 (1.21-3.55)
LAML 0.484 0.86 (0.56—1.31) / / / /

LGG 0.133 1.30(0.92-1.82)  0.142 1.31(0.91-1.87) 0.075 1.28 (0.98-1.68)
LUAD 0.081 0.77 (0.58-1.03)  0.171 0.77 (0.54-1.12) 0.353 0.88 (0.68—1.15)
LUSC 0.961 1.01(0.77-1.32)  0.711 0.92 (0.61-1.41) 0.859 0.97 (0.70-1.34)
LUADLUSC 0.217 0.88 (0.73-1.08) 0.218 0.84 (0.64-1.11) 0.653 0.95 (0.78-1.17)
MESO 0.614 1.13(0.70-1.82) 0914 0.97 (0.53-1.77) 0.348 0.78 (0.47-1.31)
0SCC 0.028 1.44(1.04-1.99) 0.068 1.47 (0.97-2.21) 0.126 1.30(0.93-1.83)
ov 0.120 1.23 (0.95-1.59) 0.104 1.26 (0.95-1.66) 0.829 1.03 (0.81-1.30)
PAAD 0.102 0.71(0.47-1.07)  0.291 0.78 (0.49-1.24) 0.268 0.81 (0.55-1.18)
PCPG 0.563 1.53(0.36-6.40)  0.165 4.58 (0.53-39.28) 0.674 0.84 (0.36—1.94)
PRAD 0.040 0.11 (0.01-0.91)  0.999 0.00 (0.00—Inf) 0.006 0.56 (0.37-0.85)
READ 0.148 0.55(0.24-1.24)  0.475 0.68 (0.24—1.96) 0.652 1.16 (0.61-2.22)
SARC 0.061 1.46 (0.98-2.18)  0.095 1.45 (0.94—-2.24) 0411 1.15 (0.83-1.60)
SKCM 0.790 1.04 (0.79-1.36)  0.592 1.08 (0.81-1.44) 0.786 1.03 (0.82-1.29)
STAD 0.715 1.06 (0.77-1.47)  0.502 1.15 (0.76-1.75) 0.117 1.33(0.93-1.89)
TGCT 0.999 0.00 (0.00—Inf) 0.999 0.00 (0.00—Inf) 0.793 1.09 (0.58—2.03)
THCA 0.354 1.60 (0.59-4.32) / / 0.119 0.65 (0.37-1.12)
THYM 0.225 0.38(0.08-1.83)  0.488 0.45 (0.05—-4.35) 0.420 1.43 (0.60-3.38)
UCEC 0.347 1.21(0.81-1.82)  0.252 1.34(0.81-2.20) 0.843 0.97 (0.68-1.36)
ucs 0.329 0.70(0.35-1.43)  0.688 0.86 (0.41-1.80) 0.320 0.72 (0.37-1.38)
UvVM 0.008 3.34(1.37-8.14)  0.008 3.61(1.40-9.35) 0.006 3.00 (1.37-6.60)

OS: Overall Survival; DSS: Disease Specific Survival; PFl: Progress Free Interval. p: p value; HR: Hazard Ratio.

MAG, demonstrated strong correlations with ZNF536 in the
majority of cancer types (Supplementary Figure S7B). The
biological functions of the co-expressed genes for ZNF536
in the control of axon development, axon genesis and neu-
ronal cell body were revealed by GO and KEGG enrichment
analysis (Supplementary Figure S7C).

Discussion

ZNF536 was firstly discovered by Qin et al.,! as a novel zinc
finger protein, it is expressed in the brain exclusively, sup-
pressing retinoic acid-induced gene transcription to ad-
versely regulate neuron development. At present, research
on ZNF536 is very rare, most of them focus on neurology
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represented p<0.05.

and psychiatry. Single cell RNA sequencing'® revealed the
important role of ZNF536 as a transcription factor in the de-
velopment of forebrain neurons involved in social behavior
and stress. Single nucleotide polymorphisms (SNPs) studies
04 have shown that ZNF536 rs2053079 was associated with
schizophrenia risk, while ZNF536 rs77554113 was associ-
ated with antidepressant remission. However, the role
of ZNF536 in any cancer or even pan-cancer remains un-
known, which worth exploring. As a result, we created the

research focuing on ZNF536's activities in human pan-can-
cer in this work. The ZNF536 mRNA was highly expressed
in KICH, PAAD, THYM, and UCS, but lowly expressed in ACC,
BLCA, BRCA, CESC, COAD, ESCA, GBM, HNSC, KIRC, KIRP,
LGG, LIHC, LUAD, LUSC, OV, PRAD, READ, SKCM, STAD, TGCT,
THCA, and UCEC. The immunohistochemistry on the tis-
sue micro-array confirmed the high expression of ZNF536
protein in PAAD and low expression in STAD with statistical
significance, and low expression in ESCA and LUSC with-
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Figure 5. Relationship between ZNF536 mRNA expression and various immune infiltrates in pan-cancer.

out statistical significance. It might be attributed to the trend was not consistent with its mRNA in the rest cancers,
not enough large sample size, which could be altered by  which might result from post-transcriptional modification
expand the sample scale. Besides, the protein expression  processes' The differential expression of ZNF536 mRNA
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Figure 6. Analysis of ZNF536 at single cell level. The association between ZNF536 mRNA expression and various functional states in cancers
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in OV, PAAD and THCA with different pathological stages
indicated that there was an obvious impact of ZNF536 on
the patients’ stages. Furthermore, DNA hypermethylation
in CHOL and PRAD, and hypomethylation in BLCA, BRCA,
COAD, KIRC, KIRP, LUAD, LUSC, PCPG and READ were ob-
served. Considering the mRNA expression level, promoter
hypermethylation of ZNF536 might be a driver of down-
regulated expression in PRAD.

As displayed by the Kaplan-Meier curves, ZNF536 mRNA
was negatively associated with OS, PFl and DSS in ACC,
KIRP and UVM, and with OS in KIRC and OSCC. It demon-
strated that ZNF536 might serve as a predictor for poor
prognosis in those cancers. Whereas high expression of
ZNF536 mRNA predicted favorable prognosis in GBMLGG
and PRAD. Meanwhile, the mRNA expression of ZNF536
was verified to be a lower level in PRAD compared to its
normal tissue. We deduced that it might exert the function
of tumor suppressor gene in PRAD. According to a recent
study,"” another zinc finger protein, ZFC3H1, was identi-
fied to be a potential marker for the prognosis of PRAD.
ZFC3H1 expression in PRAD were significantly lower than
that in the corresponding adjacent tissues, and patients in

the high ZFC3H1-expression group had poor prognosis.
Reduced ZFC3H1 inhibited PRAD cell viability, cell migra-
tion and invasion, and increased cell apoptosis, which fur-
ther clarified the suppressor role of ZFC3H1 in PRAD. As an
analogue of ZFC3H1, if ZNF536 have the same function in
PRAD needs to be investigated in the future.

By exploring genomic alterations of ZNF536 using cBioPor-
tal, we found that the highest frequency was amplification,
followed by mutation in pan-cancer. Amplification might
contribute to the elevated gene expression in certain can-
cers. For the missense mutation of E549K, it caused glutam-
ic acid at position 549 of the ZNF536 protein substituted
by lysine, which not located in the crucial C2H2 domain,
indicating that there might be no influence on protein
function. It was also found that the alteration frequency of
MFSD13B, TP53, TTN, MUC16, CSMD3, LRP1B, URI1, CCNET1,
TSHZ3, and RYR2 were elevated obviously in ZNF536 al-
tered group. Among them, TP53 and LRP1B were recog-
nized as tumor suppressors in several cancers, associating
with immune response in LUSC and HCC.'8'1 |t might be a
factor for the worse prognosis in the altered group than in
the unaltered group.
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Figure 7. GSEA analysis in GO signature of ZNF536 in ACC (a), BLCA
(b), BRCA (c), COAD (d), LGG (e), MESO (f), OV (g), and THCA (h).

In recent years, the tumor microenvironment has been the
subject of considerable research, particularly the immune
microenvironment. In this study, at least 30 immune-re-
lated genes were shown to be associated with ZNF536
mMRNA expression in COAD, PRAD, TGCT, and THCA, in-
cluding TNFRSF9, CD86, TIGIT, TNFSF15, BTNL2, TNFSF14,
CD80, CTLA4, CD40LG, ICOS, LAIR1, and NRP1. The strong
correlation indicated a potential role of ZNF536 involved
in mediating immunological escape. Furthermore, mul-
tiple immune cells infiltration was found to be related
with ZNF536 mRNA expression, including cancer associ-
ated fibroblasts, Tregs, B cells, and so on. For PRAD, there
were 12 significantly related immune infiltrates, contain-
ing mast cells, neutrophils, Th1 cells, Tem, NK cells, Tcm,
T cells, DC, macrophages, iDC, T helper cells, and B cells.
Although the results indicated that ZNF536 might be a
useful target for immunotherapy, the specific function of
ZNF536 in human immune system is still unknown, which
warrants further preclinical and clinical trials studied in-
tensively.

Single cell sequencing revealed that the ZNF536-correlat-
ed genes might regulate a variety of biological processes
in pan-cancer, mainly involving angiogenesis, apoptosis,

cell cycle, differentiation, DNA damage, DNA repair, EMT,
hypoxia, inflammation, invasion, metastasis, proliferation,
quiescence and stemness. Additionally, gene enrichment
analysis revealed that ZNF536 regulated distinct signal-
ing pathways in various cancers. Artery morphogenesis,
mMRNA cis splicing via spliccosome, protein localization
to cell surface, cholesterol metabolic process, endothelial
cell differentiation, immunoglobulin complex, and cardiac
muscle tissue development were identified as the promi-
nent signaling pathways, among which artery morphogen-
esis and endothelial cell differentiation was associated with
angiogenesis. ZNF580, another zinc finger protein, through
regulating the expression of VEGF and MMP-2 to promote
migration and proliferation of EAhy926 endothelial cells,
thus controlled angiogenesis.? Its function of pro-angio-
genesis has been tried to therapy hindlimb ischemia even
more.2"! Therefore, we hypothesize that ZNF536 may be
used as a target for anti-angiogenic therapy in cancers,
which needs to be confirmed by further studies. In addi-
tion, GO and KEGG enrichment studies indicated the bio-
logical functions of the co-expressed genes for ZNF536 in
the regulation of axon formation, axon genesis, and neuro-
nal cell body, which was basically consistent with previous
studies in neurodevelopment.®

Conclusion

In this study, we comprehensively explored the biologic
and prognostic implication of ZNF536 in pan-cancer by
multi-layered analysis of differential mRNA expression
and DNA methylation, protein expression on a tissue mi-
cro-array, outcomes, genomic alterations, tumor immune
microenvironment, single cell sequencing, and signaling
pathways enrichment. As the first work to investigate the
role of ZNF536 in cancers, it illustrated that ZNF536 might
be a potential prognostic and immune-related biomarker
for certain cancers via angiogenesis pathway. This study es-
tablishes the groundwork for future investigations into the
precise mechanisms of ZNF536 in the tumorigenesis and
therapeutic regimens of various cancers.
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Supplementary Figure S1. Differential mRNA Expression and DNA Methylation of ZNF536 in
Pan-Cancer. Differential expression analysis of ZNF536 mRNA based on TCGA and GTEx data in vari-
ous cancers and their adjacent tissues (a). ZNF536 mRNA expression was increased in KICH, but de-
creased in BLCA, COAD, ESCA, GBM, and STAD (b). The DNA methylation was declined in COAD, KIRC,
KIRP, LUAD, LUSC, and PCPG (c). * represented p<0.05, ** represented p<0.01, and *** represented
p<0.001, ns represented no statistical significance.
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Supplementary Figure S2. Protein expression of ZNF536 in normal tissues of thyroid (a), stomach
(b), colon (c), liver (d), pancreas (e), lung (f), esophagus (g) and rectum (h). They were all originally

magnified principal images (x200) with a scale bar of 30um.
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favorable prognosis with lengthened OS and DSS in PRAD (c).
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Supplementary Figure S5. Relationship between ZNF536 mRNA ex-
pression and tumor immune microenvironment. The co-expression
heat map of ZNF536 and immune-related genes (a). Relationship be-
tween ZNF536 mRNA expression and cancer associated fibroblasts,
Tregs and B cells (b). ZNF536 mRNA expression and most immune
infiltrates was positively correlated in UVM but negatively correlated
in ACC (c). * represented p<0.05, ** represented p<0.01, and *** rep-
resented p<0.001, ns represented no statistical significance.
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Supplementary Figure S7. Functional enrichment analysis of top 100
ZNF536 related genes. The network of ZNF536 and its related genes
was displayed using BioGRID (a). ZNF536 related genes, AATK, PLP1,
CNTN2, CNP, MOG, ERMN, GPR62, PRR18, MBP, and MAG, were strongly
associated with ZNF536 in the majority of cancer types (b). GO and
KEGG enrichment analysis of ZNF536 related genes (c).



