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a new insight for the therapeutics and research
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Abstract

The human genome encodes more than 350 kinds of Kriippel-associated box (KRAB) domain-containing zinc-finger
proteins (KZFPs), KRAB-type ZNF transcription factor family (KZNF) plays a vital role in gene regulatory networks. The
KZNF family members include a large number of highly homologous genes, gene subtypes and pseudogenes, and
their expression has a high degree of tissue specificity and precision. Due to the high complexity of its regulatory
network, the KZNF gene family has not been researched in sufficient, and the role of its members in the occurrence of
cancer is mostly unexplored. In this study, ZNF880 was significantly associated with overall survival (OS) and disease-
free survival (DFS) in colorectal carcinoma (CRC) patients. Low ZNF880 expression resulted in shorter OS and DFS.
Combined with Colon adenocarcinoma (COAD) and Rectum adenocarcinoma (READ) data collection in the TCGA
database, we found that ZNF880 was significantly down-regulated in CRC. Further analysis of the sequence variation
of ZNF880 in CRC showed that ZNF880 accumulated a large number of SNV in the C2H2 domain and KRAB domain,
while promoter region of ZNF880 also showed high methylation in COAD and READ. Combined with the Cbioportal
and TIMER databases, the expression of mutant ZNF880 was significantly lower in COAD compared to the wild type.
Simultaneously, the INcRNA-miRNA-ZNF880 ceRNA regulatory network was constructed through co-expression

and miRNAs target gene prediction, demonstrating the precision of the ZNF880 regulatory network. In addition,

the decreased expression of ZNF880 caused the significant immune infiltration decreases of CD8 + cells in COAD.

In contrast, the immune infiltration of CD4 + cells and macrophages in COAD is positively correlated with ZNF880.
Finally, through protein—protein interaction (PPI) network analysis and transcription factor target gene prediction,
we screened out the genes most likely to be related to the function of ZNF880. CENPK, IFNGR2, REC8 and ZBTB17
were identified as the most closely functioning genes with ZNF880, which may indicate that ZNF880 has important
links with the formation of cell centromere, tumor immunity, cell cycle and other pathways closely related to the
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occurrence of CRC. These studies show that the down-regulation of ZNF880 gene is closely related to CRC, and the
targeted change of the expression of its regulatory molecules (miRNA and IncRNA) may be a new perspective for CRC

treatment.
Keywords KZFPs, Colorectal carcinoma, ZNF880, ceRNA

Introduction

Colorectal cancer (CRC) is one of the most common can-
cers and is considered to be the fourth leading cause of
cancer-related deaths worldwide [1-3]. Most CRCs origi-
nate from non-cancerous lesions and have strong genetic
instability [4—6]. The genetic instability of CRC is caused
by at least three different mechanisms, including chro-
mosomal instability, CpG island methylation and micros-
atellite instability [7, 8]. Hypermethylation of CpG islands
can trigger the silencing of a series of tumor suppressor
genes, thereby making CRC present the characteristics of
epigenetic instability [9-11].

KZNFs are the most abundant family of epige-
netic inhibitors found in humans [12], and they may
be involved in development, metabolism, cell prolif-
eration and carcinogenesis [13]. After KZNFs bind to
DNA, KRAB-ZNF triggers transcriptional inhibition by
interacting with KAP1 (KRAB-related protein-1) [14,
15]. KAP1 acts as a scaffold for a multimolecular entity
comprising the heterochromatin protein 1 (HP1), the
H3K9me3-specific histone methyltransferase SETDBI,
and the histone deacetylase-containing complex NuRD
[16]. These proteins form transcriptional silence by mak-
ing chromatin form heterochromatin [16, 17]. In addi-
tion, KZNFs may also mediate the methylation of DNA
sequences adjacent to their binding motifs, thereby trig-
gering silencing of their gene expression [18, 19].

Growing reports indicate that some members of the
KZNFs gene family are involved in all aspects of cancer
[20, 21]. Among them, ZNF545, ZBKR1, and ZNF307 are
considered to have an inhibitory effect on tumorigenesis
[22-24]. Due to the hypermethylation of its promoter, the
expression of ZNF545 in a variety of malignant tumors
is reduced, which leads to its negative control of tumor
cell proliferation. ZBKR1 and ZNF307 showed inhibi-
tory activity against cervical cancer and liver cancer,
respectively. Interestingly, ZNF224 can perform different
functions according to the difference in tumor micro-
environment [25]. ZNF224 has been shown to enhance
the signal transduction activity of WT1 in chronic mye-
logenous leukemia cell lines [25]. WT1 is a well-known
tumor suppressor gene that controls the expression
of genes involved in differentiation, apoptosis and cell
cycle progression. However, ZNF224 is used as an onco-
gene in bladder cancer to promote the rapid growth of
tumor cells and the resistance to tumor cell apoptosis. In

general, most of the KZNFs family members discovered
so far act more as tumor suppressor genes.

In the current research, we aim to explore the pos-
sible functions of ZNF880 in CRC by mining the gene
expression, regulatory network, epigenetic changes and
downstream genes of the KZNFs family gene ZNF880
in CRC. To this end, we used The Cancer Genome Atlas
(TCGA) and UALCAN to comprehensively analyze
the gene expression variation and differential methyla-
tion of the promoter region of ZNF880. Furthermore,
through comprehensive analysis of ZNF880 target miR-
NAs and co-expressed IncRNA, a ceRNA network was
constructed. Our analysis comprehensively evaluated the
sequence variation, gene expression variation, epigenetic
difference, ncRNA regulatory network and the correla-
tion with immune infiltration of ZNF880 in CRC. These
analyses have found the hypothetical role of ZNF880 in
CRC. ZNF880 has the potential to become a new tar-
get for anti-cancer therapy or a biomarker for clinical
patient management. In short, these research results
initially revealed the function of ZNF880 in CRC, laying
the foundation for further experimental verification and
functional research.

Materials and methods

Data set selection and gene expression differential analysis
In this study, the differential expression of ZNF880 and
the correlation analysis between ZNF and other genes
used TCGA and GTEx data sets, and the analysis used
GEPIA2  (http://gepia2.cancer-pku.cn/#analysis) and
UALCAN  (http:/ /ualcan.path.uab.edu/analysis.html)
online analysis platform. In addition, the differential
methylation of the promoter region of ZNF880 in the
COAD and READ datasets was analyzed by UALCAN.
Subsequently, UALCAN was used to analyze the differ-
ential expression of ZNF880 candidate miRNAs in the
COAD and READ datasets.

Candidate miRNA screening of ZNF880 and construction

of ceRNA regulatory network
MiRWalk2.0(http://zmf.umm.uni-heidelberg.de/
apps/zmf/mirwalk2/index.html) predicts miRNAs
that may target ZNF880. In the analysis, 11 different
prediction algorithms (miRDB, PITA, MicroT4, miR-
Map, RNA22, miRanda, miRNAMap, RNAhybrid,
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miRBridge, PICTAR2, TargetScan) are used to predict
the possible candidate microRNAs of ZNF880, and
finally the microRNAs supported by software of more
than 8 levels were selected as candidate molecules.
The microRNAs of up-regulated in COAD and READ
were further screened by UALCAN as possible regu-
latory molecules of ZNF880. In order to construct
the IncRNA-miRNA-ZNF880 ceRNA regulatory net-
work involving ZNF880, miRWalk2.0 was also used
to predict the possible IncRNA target genes of the
candidate microRNAs. Similarly, the prediction of
miRNA-IncRNA is also performed using miRWalk2.0.
Five prediction algorithms (miRWalk, miRanda, PITA,
RNAhybrid, TargetScan) were used to predict possible
IncRNA targets, and IncRNAs supported by all algo-
rithms are finally screened as candidate molecules.
LncExpDB was used to further screen the IncRNAs
co-expressed with ZNF880(https://ngdc.cncb.ac.cn/
In-cexpdb/interactions).

ZNF880 protein result structure, single nucleotide
variation (SNV) statistics

In this study, AlphaFold was used to predict the pro-
tein structure of ZNF880(https://deepmind.com/blog/
article/AlphaFold-Using- Al-for-scientific-discovery).
The single nucleotide variation (SNV) of ZNF880 in
CRC was further analyzed through CBioPortal (https://
www.cbioportal.org/). At the same time, the differential
expression of wild-type ZNF880 and mutant ZNF880
in CRC was also analyzed through CBioPortal.

Protein interaction network and ZNF880 target gene
prediction

STRING is an online database for searching interact-
ing genes (https://string-db.org/). In this study, we per-
formed a STRING search for co-expressed genes and
constructed a PPI network with an interaction score > 0.4.
Furthermore, ENCORI (http://starbase.sysu.edu.cn/
panCancer.php) predicted genes that may have binding
sites with ZNF880, and the default parameter configura-
tion was used in the analysis. Then, through GeneCards,
we screened transcription factors that bind ZNF880 pro-
moter and enhancer regions, and screened transcription
factors that might regulate ZNF880.

(See figure on next page.)

Page 3 of 17

Correlation analysis between ZNF880 and immune
infiltration

TIMER is a comprehensive online resource for system-
atic analysis of immune infiltration of various cancer
types (http://timer.cistrome.org/). In this study, we used
TIMER to analyze ZNF880 and four types of immune
infiltration (CD4+T cells, CD8+T cells, neutrophils,
macrophages). TISIDB (http://cis.hku.hk/TISIDB/index.
php) is an online web integrated repository portal for
tumor-immune system interactions. In this study, we
conducted TISIDB to determine ZNF880 and the expres-
sion of tumor infiltrating lymphocytes (TIL) in human
cancers. According to the gene expression profile, the
relative abundance of TILs is inferred through gene set
variation analysis. The correlation between ZNF880 and
TIL is measured by Spearman’s test.

Overall survival (OS) and disease-free survival(DFS)
analysis

GEPIA2 is a portal site that integrates TCGA and GTEx
data sets. In this study, GEPIA2.0 was used to analyze the
Overall survival (OS) and disease-free survival analysis of
ZNF880 in READ and COAD.

High-ZNF880 group and Low-ZNF880 group division
GSE14333 was selected as the cohort for the potential
function verification of ZNF880, and samples with high
ZNF880 expression top50 and samples with low top50
expression in GSE14333 were selected as the High-
ZNF880 group and Low-ZNF880 group.

GSEA analysis

Two data sets, oncogenic signature gene sets and cell type
signature gene sets, were downloaded from the MsigDB
database(http://www.gsea-msigdb.org/gsea/index.jsp).
The difference analysis results between the High-ZNF880
group and the Low-ZNF880 group were used as the input
file of GSEA, and the GSEA function in the ClusterPro-
filer package was used for GSEA enrichment analysis,
and the pathways with p<0.05 were selected as the sig-
nificantly enriched pathways. All statistical tests in this
study used T-test.

Fig. 1 ZNF880 protein structure and its expression in pan-cancer and cancer staging. A: The ZNF880 protein structure predicted by AlphaFold,
which has typical KRAB and C2H2 domains. B: The expression level of ZNF880 in pan-cancer. BLCA, bladder urothelial carcinoma; BRCA, breast
invasive carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; GBM, glioblastoma mutiforme; HNSC,
head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma;
LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; PRAD, prostate adenocarcinoma; READ,
rectum adenocarcinoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma. C: The
expression level of ZNF880 in READ and COAD. D: The expression level of ZNF880 in CRC cancer staging
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Protein extraction and Western blot

All tumor and normal samples were collected from the
First Affiliated Hospital of Kunming Medical University.
Protein extraction and Western blot analysis were per-
formed on colorectal cancer (CRC) tumor tissues and
adjacent normal tissues to detect the expression levels
of ZNF880, CDK1, and CENPM. Tissue samples were
homogenized in RIPA lysis buffer with protease inhibi-
tors, and the total protein concentration was determined
using the BCA protein assay kit. Equal amounts of pro-
tein were separated by SDS-PAGE and transferred onto
nitrocellulose membranes. After blocking with 5% non-
fat milk, the membranes were incubated with primary
antibodies against ZNF880, CDK1, CENPM, and B-actin
overnight at 4 °C. The membranes were then washed
and incubated with secondary antibodies for 1 h at room
temperature. The protein bands were visualized using
enhanced chemiluminescence (ECL) reagent and quanti-
fied using Image] software. The relative expression levels
of ZNF880, CDK1, and CENPM were normalized to the
[-actin expression levels.

Results

Pan-cancer perspective and the expression pattern

of ZNF880 in CRC

ZNF880 belongs to the typical KRAB type ZNF transcrip-
tion factor family, with typical KRAB and C2H2 domains
(Fig. 1A). In order to evaluate the mRNA expression pat-
terns of ZNF880 in different cancer types, we analyzed
the differences in the expression of ZNF880 in cancer tis-
sues and normal tissues in the data of more than 23 cancer
types. Among them, ZNF880 was down-regulated in more
than 7 cancer types, but only up-regulated in two cancers
(Fig. 1B). Overall, ZNF880 may exhibit tumor suppressor
activity in most cancers. In particular, ZNF880 showed
significant down-regulation in READ (num(T)=275,
num(N)=349) and COAD (num(T=92), num(N)=318)
(Fig. 1C). Subsequently, the expression of ZNF880 in CRC
tumor staging was analyzed, and the results showed that
ZNF880 showed an up-regulated expression trend in tumor
staging, and overall the expression was significantly down-
regulated in the initial stage of tumorigenesis (Fig. 1D).

Single nucleotide variation and epigenetic changes

of ZNF880 in CRC

SNV, as an important DNA mutation that causes the
loss of protein function and affects gene expression,

(See figure on next page.)
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plays a key role in tumorigenesis and diagnosis. In
order to evaluate the sequence variation of ZNF880 in
CRC, we first counted the variation of ZNF880 in pan-
cancer. The results show that ZNF880 has the highest
degree of variation in Endometrial Carcinoma and CRC
(Fig. 2A). ZNF880 has more than 20 SNVs in CRC,
and most of the SN'Vs are concentrated in KRAB and
C2H2 domains (Fig. 2B, C). Comparing the expres-
sion levels of wild-type ZNF880 and mutant ZNF880
in COAD and CRC shows that mutant ZNF880 signifi-
cantly down-regulates expression in COAD (Fig. 2D),
while in READ there is a downward trend in expres-
sion (Fig. 2E). Verifying the expression level of mutant
ZNF880 in more data sets of Cbioportal found that
mutant ZNF880 does show a significant expression
down-regulation (Fig. 2F). Subsequent analysis of the
methylation level of the promoter region of ZNF880 in
COAD and READ showed that ZNF880 showed hyper-
methylation of the promoter region in both COAD and
READ(Fig. 2G, H). The hypermethylation of mutant
ZNF880 and the promoter region may explain the
decrease of ZNF880 expression in CRC to a certain
extent.

ceRNA regulatory network based on ZNF880

The ceRNA (competitive endogenous RNA) regulatory
network is considered to be a buffer regulatory mecha-
nism between ncRNA and protein-coding genes. IncRNA
can be combined with miRNA, thereby buffering the
regulatory effect of miRNA on protein-coding genes.
The complex crosstalk of the ceRNA network has been
detected in various types of cancers. In order to iden-
tify the miRNAs and IncRNAs involved in the ceRNA
regulatory network of ZNF880, we first used more than
10 miRNA prediction algorithms to screen the possible
binding miRNAs of ZNF880. Then through analysis the
expression level of candidate miRNAs in CRC confirmed
that there are eight potential ZNF880 regulatory miR-
NAs. The eight potential regulatory molecules of ZNF880
are hsa-mir-155, hsa-mir-146a, hsa-mir-19b-2, and hsa-
mir-29b-2, hsa-mir-335, hsa-mir-95, hsa-mir-126, hsa-
mir-130a, they all showed significant up-regulation in
CRC (Fig. 3A-H). The up-regulated miRNA may regu-
late the expression of the target gene ZNF880 through
transcription and post-transcriptional levels. In order
to further search for IncRNA molecules that may be

Fig. 4 Correlations of ZNF880 expression with immune infiltration level. The figure shows the correlation between ZNF880 and tumor purity, as
well as four types of immune cell infiltration. The four types of cells are CD8 +T cells, CD4 +T cells, macrophages and neutrophils. A: Correlation
between COAD purity and ZNF880 expression. B-E: Correlation of ZNF880 expression with CD8+T cell immune infiltration in multiple datasets.
F, G: Correlation between ZNF880 and CD4 +T cell immune infiltration in the TIMER database. H-Q: Correlation between ZNF880 expression and
macrophage immune infiltration in multiple databases. R, S: Correlation between ZNF880 expression and immune infiltration in neutrophils
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Fig. 5 Correlation analysis between ZNF880 and 16 immune cell marker genes. Among them, 10 genes showed a significant positive correlation

with ZNF880

involved in the regulation of ceRNA, the target IncRNAs
of 8 miRNAs were predicted by more than 5 algorithms
(Table.S1). Subsequently, by calculating the co-expres-
sion of the target IncRNA and ZNF880, the IncRNAs co-
expressed with ZNF880 were screened. The significantly
co-expressed IncRNAs were screened as potential buffer
regulators of ZNF880. Finally, a ZNF880-based ceRNA
regulatory network (Fig. 3I) was constructed by integrat-
ing miRNAs and IncRNA. Among them, LINC00641,
LINC00665, LINC01278, MALAT1, NEAT1, etc. have
been shown to significantly down-regulate expression in

READ and COAD. These IncRNAs and miRNAs together
constitute the fine regulation mechanism of ZNF880.

Correlation analysis between the expression of ZNF880
and immune cell infiltration in CRC

We analyzed the correlation between the expression
of ZNF880 in the TIMER database and the four types
of tumor infiltrating immune cells, and the expression
of ZNF880 showed a significant negative correlation
with tumor (COAD) purity (r=—0.149, p=2.66e —03)
(Fig. 4A). ZNF880 expression and CD8+T cell immune
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infiltration showed a significant negative correlation in
multiple databases (Fig. 4B-E), and CD4+ T cell immune
infiltration showed a significant positive correlation
in TIMER (r(COAD)=0.232, p(COAD)=1.03e—04;
r(READ)=0.284, p(READ)=6.73e—03)(Fig. 4F, G). In
particular, ZNF880 expression and macrophage immune
infiltration in 10 Significant positive correlation (Fig. 4H-
Q) is shown in the database, and the correlation is
strongest in TIMER (r=0.323, p=4.33e —08). In addi-
tion, ZNF880 is also significantly related to the immune
infiltration of neutrophils in COAD (Fig. 4R, S). These
data indicate that ZNF880 may play a specific role in the
immune infiltration of CRC.

Correlation analysis between ZNF880 and immune cell
marker genes

To further determine the role of ZNF880 in tumor
immunity, we analyzed the correlation between ZNF880
and 16 immune cell marker genes. The results show
that ZNF880 has a significant correlation with 10 genes
and a positive correlation with all 10 genes. These genes
include CCR7 (r=0.16, p=0.0087), CCR8 (r=0.12,
p=0.018), CD11B (r=0.14, p=0.0034), CD68 (r=0.1,
p=0.036), CD86(r=0.15, p=0.0017), HAVCR2(r=0.1,
p=0.033), IL-10(r=0.16, p=0.00082), STAT5B (r=0.26,
p=8.6e—08), TGFB1(r=0.13, p=0.0083), TNF (r=0.16,
p=0.00081) (Fig. 5). In general, the decreased expression
of ZNF880 may lead to a decrease in the level of immune
infiltration of immune cells in CRC, which leads to a
significant reduction in the function of immune cells in
CRC.

Low mRNA expression of ZNF880 is associated

with short OS and DFS

In order to explore the relationship between ZNF880
and OS and DFS in CRC patients, OS and DFS analy-
sis based on the TCGA database was carried out. The
results indicate that low expression of ZNF880 may lead
to shorter DES and OS (Fig. 6A, B). In order to further
clarify the relationship between ZNF880 expression and
the survival of CRC patients, we analyzed the CRC chip
data set (GSE17536, GSE14333, GSE17537) to determine
its correlation. The results showed that the expression of
ZNF880 was significantly correlated with OS, DFS and
DSS in CRC patients (Table .1). These data indicate that
low mRNA expression of ZNF880 is a biomarker for poor
prognosis of CRC.

PPI network construction and function prediction

of ZNF880

So far, there is no literature report on ZNF880 function
analysis and disease-related. Therefore, we decided to
use multiple databases to predict the functional pathways
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Fig. 6 The prognosis of OS and DFS of ZNF880 in CRC patients

that ZNF880 may participate in. First, a ZNF880PPI
network (Fig. 7A) with an interaction score>0.4 was
constructed from the STRING database. The results
indicate that ZNF880 may interact with Interphase
Centromere Complex Protein (CENPK). Furthermore,
through the ENCORI database, it was constructed that
ZNF880 may have homeopathic interactions with mRNA
(Fig. 7B), and two key proteins, IFINGR2 and REC8, were
screened by the free energy of binding between ZNF880
and them. Further analysis showed that CENPK and
IFNGR2 showed up-regulated expression in READ and
COAD (Fig. 7C, E), while REC8 showed down-regulated
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Table 1 The correlation of ZNF880 with the prognosis of CRC patients in the GSE17536, GSE14333, and GSE17537 data sets

ID_NAME DATASET CANCERTYPE ENDPOINT COHORT PROBE ID P-VALUE
ZNF880 GSE17536 CRC [N MCC 232315_at 0.055368
ZNF880 GSE17536 CRC DSS MCC 232315_at 0.045468
ZNF880 GSE17536 CRC oS MCC 235913_at 0.015079
ZNF880 GSE17536 CRC DSS MCC 235913_at 0.007958
ZNF880 GSE17536 CRC DFS MCC 232315_at 0.002737
ZNF880 GSE17536 CRC DFS MCC 235913_at 0.03615

ZNF880 GSE14333 CRC DFS Melbourne 232315_at 0.023111
ZNF880 GSE14333 CRC DFS Melbourne 235913_at 0.022737
ZNF880 GSE17537 CRC (O VMC 232315_at 0.046462
ZNF880 GSE17537 CRC oS VMC 235913_at 0.037382
ZNF880 GSE17537 CRC DFS VMC 232315_at 0.005318
ZNF880 GSE17537 CRC DFS VMC 235913_at 0.018586
ZNF880 GSE17537 CRC DSS VMC 232315_at 0.037554
ZNF880 GSE17537 CRC DSS VMC 235913_at 0.020751

expression (Fig. 7F). In addition, ZNF880 and CENPK
expression in CRC were significantly negatively corre-
lated (r=-0.11, p=0.021) (Fig. 7D). Finally, by analyz-
ing the possible binding transcription factors of ZNF880
promoter and enhancer regions, it is found that ZBTB17
may be one of the key molecules regulating ZNF880.
Similarly, ZBTB17 also showed down-regulation in
READ and COAD, which may indicate that ZBTB17 is an
agonist of ZNF880.

Validation potential anti-cancer role of ZNF880

The GSE14333 dataset was used as the validation cohort
to further validate the hypothesis that ZNF880 may func-
tion as a possible tumor suppressor gene in CRC in this
study. For comparison analysis, the 50 samples with the
highest expression of ZNF880 and the 50 samples with
the lowest expression of ZNF880 in GSE14333 were clas-
sified as the High-ZNF880 group and the Low-ZNF880
group, respectively (Fig. 8A). The differential gene analy-
sis revealed 986 difference genes (p<0.05, FC>1.2 || FC
0.8) between High-ZNF880 and Low-ZNF880 patients.
The GSEA analysis, which was based on the oncogenic
signature gene sets dataset in the MSigDB database,
revealed that the majority of the up-regulated genes in
the High-ZNF880 group were enriched in the down-
regulated gene sets in CRC, while the majority of the
down-regulated genes in the High-ZNF880 group were
enriched in the up-regulated genes in CRC. Sets of genes
(Fig. 8B, C). This suggests that ZNF880 may decrease the
expression of certain putative oncogenes while increas-
ing the expression of tumor suppressor genes. Simulta-
neously, GSEA analysis of other data sets revealed that
the up-regulated genes in the High-ZNF880 group were

also significantly related to LEF1 UP (Fig. 8D), whereas
the up-regulated genes in the Low-ZNF880 group were
significantly related to G2 M CHECKPOINTS, G1 S SPE-
CIFIC TRANSCRIPTION (Figs. 8E, F). LEF1 is a tumor
suppressor gene found in CRC, suggesting that ZNF880
might be a possible positive regulator of LEF1. Simulta-
neously, ZNF880 may be a possible cell cycle regulator.
To explore this theory further, we compared the altera-
tions in critical genes associated to centriole and cell
cycle regulation in the High-ZNF880 and Low-ZNF880
groups. In the Low-ZNF880 group, CENPN, CENPA,
CENPE, CENPM, and INCENP were significantly
increased (p<0.05), while CENPB and CENPI were
upregulated but not significantly (Fig. 8G-M). Simultane-
ously, CDK1, CDK2, CDK7, and SKP2, as well as other
important kinase genes associated to cell cycle control,
were considerably up-regulated in the Low-ZNF880
group (Fig. 8N-R). Furthermore, two possible proto-
oncogenes, REG1B and REG3A, were shown to be up-
regulated in the Low-ZNF880 group (Fig. 8S, T).

To further verify the reliability of our data, we collected
fresh tumor tissues and adjacent normal tissues from 4
matched patients with colorectal cancer (CRC) from a
hospital. We further validated our previously discovered
patterns by Western blotting to determine their cred-
ibility. The results showed that ZNF880 was significantly
downregulated at the protein level in the tumor tissues of
3 CRC patients (Fig. 8U, V). Further validation of CDK1
expression revealed that 3 ZNF880 low-expressing sam-
ples exhibited high protein levels (Fig. 8U, V, Fig. S1),
while CENPM showed no significant change (Fig. 8U,
V, Fig S2). These findings imply that ZNF880 may be a
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Fig. 7 PPInetwork analysis of ZNF880 and difference analysis of key genes. A: The ZNF880 interaction network established by STRING. B: The
gene network that ZNF880 may bind with predicted by homeopathy. C: The expression level of CENPK gene in READ and COAD. D: The correlation
between CENPK gene and ZNF880 in CRC. E: The expression level of IFNGR2 gene in READ and COAD. F: The expression level of REC8 gene in READ
and COAD
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potential negative regulator of centriole organization and
cell cycle regulation in CRC.

Discussion

The KZNF gene family is highly complex and huge, and
the functions of most of the KZNFs family members in
cancer still need to be explored urgently. At the same
time, increasing research gradually unravels the hypo-
thetical function of KZNF family genes in various can-
cers [26-29]. KZNFs are known for their repressive
function acting through epigenetic mechanisms, such
as deposition of H3K9me3 and DNA methylation [18,
19]. It is worth noting that the genes under the control
of KZNF may not only be suppressed, but also activated.
Therefore, KZNFs play different functions in various
types of cancer. The literature shows that some KZNFs
are up-regulated in cancer, including ZNF695, ZNF320,
ZNF200, ZNF354A, ZNF707, ZNF138 and so on [30-33].
Nevertheless, how these KZNFs affect tumor behavior
is largely unknown. Therefore, more research is needed
to further analyze and clarify the possible role of each
cancer-related KZNFs in tumorigenesis. In this study,
we determined the correlation between low expression
of ZNF880 and the prognosis of CRC patients, and con-
structed and predicted the ZNF880 regulatory network
and possible functional pathways. The results indicate
that ZNF880 may exert its transcription factor activity by
regulating downstream functional genes such as CENPK,
IFNGR?2, and RECS.

CENPK is component of the CENPA-CAD (nucleo-
some distal) complex, a complex recruited to cen-
tromeres which is involved in assembly of kinetochore
proteins, mitotic progression and chromosome segre-
gation [34-36]. CENPK may involved in incorporation
of newly synthesized CENPA into centromeres via its
interaction with the CENPA-NAC complex. In addition,
CENPK can recruit the NDC80 complex to the exter-
nal kinetochore through a synergistic effect with KNL1,
which plays an important role in the pre-middle stage of
mitosis [37]. Previous studies have shown that CENPK
is abnormally up-regulated in a variety of tumor tissues
and cells, and has been used as a new tumor marker in a

(See figure on next page.)
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variety of cancers such as hepatocellular carcinoma and
ovarian cancer [35, 38—40]. Furthermore, CENPK knock-
down significantly inhibited proliferation, migration,
invasion, and EMT progression in HCC cells [35]. Fur-
ther analysis showed that CENPK regulates the growth of
tumor cells through YAP1 [35]. YAP1 is a key component
of the Hippo signaling pathway, and has been shown to
be essential for the initiation, progression, and metastasis
of many types of cancer [41, 42]. In our analysis, ZNF880
was identified as interacting with CENPK. At the same
time, CENPK and YAP1 were found to be up-regulated
in CRC patients. We speculate that ZNF880 may be a
repressor of CENPK gene expression, and the abnormal
down-regulation of ZNF880 expression in CRC may lead
to an increase in the expression of CENPK. The increase
of CENPK expression further activates the expression of
YAP1, which leads to the activation of CRC tumor signal
pathway.

Bax is a major proapoptotic member of the B-cell lym-
phoma 2 (Bcl-2) family proteins that control apoptosis
in normal and cancer cells [43-45]. Bax dysfunction can
cause cancer cells to become resistant to treatment and
promote tumorigenesis [46]. Previous studies have shown
that the C-terminal cytoplasmic domain of IFNGR2
can bind to Bax and inhibit the conformational changes
required for Bax activation, thereby inhibiting the func-
tion of Bax [47]. In the cis-acting target analysis of
ZNF880, we identified that IFNGR2 may be one of the
interacting proteins of ZNF880. The expression level of
IFNGR?2 in CRC is abnormally increased, far exceeding
the gene IFNGRI that is combined with it. This may indi-
cate that IFNGR2 in CRC may not only bind to IFNGR1
to form a receptor for the cytokine interferon gamma
(IENG), but also may act alone. Plays an important role.
We speculate that IFNGR2 may limit the activation of
Bax protein conformation at the protein level. At the
same time, ZNF880 may act as a transcriptional repres-
sor of IFNGR2. The decreased expression of ZNF880
may lead to an abnormal increase in the level of IFNGR2,
leading to the activation of the Bax protein conformation.

RECS is a key meiosis-specific component of the cohe-
sive complex and is related to DNA damage repair and

Fig. 8 Individuals with high expression of ZNF880 and patients with low expression of ZNF880 in GSE14333 verify the potential function of
ZNF880. A: Expression of ZNF880 between High-ZNF880 group and Low-ZNF880 group. B, C: GSEA analysis based on cell type signature gene sets,
representing the enrichment of highly expressed genes in the High-ZNF880 group and the Low-ZNF880 group, respectively. D, E: GSEA analysis
based on oncogenic signature gene sets. G-M: Differential expression of centriole protein between High-ZNF880 group and Low-ZNF880 group.
N-R: Differential expression of cell cycle-dependent kinase genes and suppressor genes between High-ZNF880 group and Low-ZNF880 group. S,
T: Differential expression of potential proto-oncogenes REG1B and REG3A between High-ZNF880 group and Low-ZNF880 group. U: Western blot
results of ZNF880, CDK1, and CENPM in fresh tumor tissues and adjacent normal tissues from 4 matched patients with colorectal cancer (CRC), with
B-actin as a reference. T-prefix represents tumor tissue, while N-prefix represents normal tissue. (Figs. S1, 52, S3, S4) V: Quantitative analysis of the
Western blot band intensity of ZNF880 and CDK1 in 3 matched pairs of tumor tissues and adjacent normal tissues from colorectal cancer (CRC)

patients with differential expression of ZNF880
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chromosome stability maintenance [48]. REC8 has been
shown to have tumor suppressor activity in a variety
of cancers and is a new type of tumor suppressor gene
[49-52]. Similarly, we found that REC8 was significantly
down-regulated in CRC. In addition, the cis-acting site
prediction of ZNF880 indicates that ZNF880 and REC8
may interact. This may indicate that ZNF880 may be an
activator of RECS8 transcription. The low expression of
ZNEF880 leads to a decrease in the expression of REC8
and thus limits the tumor suppressor activity of REC8.

In recent years, miRNAs have been extensively stud-
ied, but only a few IncRNAs have been studied in depth.
In this study, we identified some specific IncRNA and
miRNA directly related to ZNF880, and also provided
a ceRNA network. The ceRNA network we constructed
contains 112 IncRNAs, indicating that they play an
important role in the development of CRC by regulat-
ing ZNF880 through competing miRNAs. The decreased
expression of LINCO00641, LINCO00665, LINC01278,
MALAT1, NEAT], etc. in CRC may result in decreased
binding to hsa-miR-126-5p, resulting in more hsa-miR-
126-5p binding to ZNF880, leads to expression reduce of
ZNF880. Competitively combining with hsa-miR-126-5p
and other small RNAs that regulate the expression of
ZNF880 through artificial intervention areas may be a
new strategy to improve the prognosis of CRC patients
and the treatment of CRC.

We have observed a concurrent downregulation of
ZNF880 and upregulation of CDK1 in colorectal cancer
samples, suggesting a potential direct or indirect regula-
tory relationship between the two. CDK1 is a critical cell
cycle regulatory protein that plays a vital role at different
stages of the cell cycle. It is closely associated with tran-
sitions in the cell cycle, including G1/S and G2/M tran-
sitions. CDK1 has been demonstrated to promote the
proliferation, anti-apoptotic escape, as well as enhanced
invasiveness and metastatic capacity of colorectal can-
cer cells. ZNF880 might directly target the promoter
region of the CDK1 gene, influencing CDK1 expression
by binding and modulating its transcriptional activity.
Alternatively, ZNF880 could indirectly regulate CDK1
expression by modulating other transcription factors
or molecules within signaling pathways. For instance,
ZNF880 might be involved in regulating the upstream
regulators, tumor suppressor genes, or cell cycle regula-
tory proteins of CDK1, thereby influencing its expression.
In summary, ZNF880 may regulate CDK1 expression lev-
els through transcriptional repression, thereby impacting
the progression of colorectal cancer.

Despite the relationship between ZNF880 and CDK1
still being under preliminary investigation, these obser-
vations have already provided valuable directions for
our future research. Next steps could involve gene
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knockdown or overexpression studies to explore whether
ZNF880 influences the expression and activity of CDKI,
thereby determining their relationship. Techniques such
as immunoprecipitation and mass spectrometry could
aid in determining whether ZNF880 and CDK1 directly
interact, while also examining if ZNF880 regulates the
transcription of the CDK1 gene. Functional studies using
colorectal cancer models along with ChIP-seq to study
the target genes and binding sites of ZNF880 will con-
tribute to a comprehensive understanding of ZNF880’s
function and regulatory mechanism in colorectal cancer.

We have observed a concurrent downregulation of
ZNF880 and upregulation of CDK1 in colorectal cancer
samples, suggesting a potential direct or indirect regula-
tory relationship between the two. CDK1 is a critical cell
cycle regulatory protein that plays a vital role at different
stages of the cell cycle. It is closely associated with tran-
sitions in the cell cycle, including G1/S and G2/M tran-
sitions. CDK1 has been demonstrated to promote the
proliferation, anti-apoptotic escape, as well as enhanced
invasiveness and metastatic capacity of colorectal can-
cer cells. ZNF880 might directly target the promoter
region of the CDK1 gene, influencing CDK1 expression
by binding and modulating its transcriptional activity.
Alternatively, ZNF880 could indirectly regulate CDK1
expression by modulating other transcription factors
or molecules within signaling pathways. For instance,
ZNF880 might be involved in regulating the upstream
regulators, tumor suppressor genes, or cell cycle regula-
tory proteins of CDK1, thereby influencing its expression.
In summary, ZNF880 may regulate CDK1 expression lev-
els through transcriptional repression, thereby impacting
the progression of colorectal cancer.

Despite the relationship between ZNF880 and CDK1
still being under preliminary investigation, these obser-
vations have already provided valuable directions for our
future research. Next steps could involve gene knock-
down or overexpression studies to explore whether
ZNF880 influences the expression and activity of CDKI,
thereby determining their relationship. Techniques such
as immunoprecipitation and mass spectrometry could
aid in determining whether ZNF880 and CDK1 directly
interact, while also examining if ZNF880 regulates the
transcription of the CDK1 gene. Functional studies using
colorectal cancer models along with ChIP-seq to study
the target genes and binding sites of ZNF880 will con-
tribute to a comprehensive understanding of ZNF880’s
function and regulatory mechanism in colorectal cancer.

Abbreviation

KRAB Krippel-associated box
KZNF KRAB-type ZNF transcription factor family
oS Overall survival
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DFS Disease-free survival

CRC Colorectal carcinoma
COAD Colon adenocarcinoma
READ Rectum adenocarcinoma
SNV Single nucleotide variation
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