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Overexpression of ZNF169 promotes the growth and proliferation
of colorectal cancer cells via the upregulation of ANKZF1
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Abstract. Colorectal cancer (CRC) is one of the most
common malignancies worldwide. The 5-year survival rate
of patients diagnosed with the early stages of the disease is
markedly higher than that of patients in the advanced stages.
Therefore, identifying novel biomarkers and drug targets for
CRC is critical for clinical practice. Zinc finger protein 169
(ZNF169) is a crucial transcription factor, and its role in
CRC remains to be explored. The present study aimed to
investigate the clinical relevance, function and underlying
mechanisms of ZNF169 in CRC growth and proliferation.
The Cancer Genome Atlas (TCGA) database was utilized
to analyze the clinical relevance of ZNF169 in patients with
CRC. Immunohistochemical staining was performed on tissue
samples from patients with CRC to detect the expression
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of ZNF169. The HCT-116, HT-29 and RKO cell lines were
employed for in vitro experiments. The overexpression and
knockdown of ZNF169 were achieved by transfecting the cells
with lentivirus and small interfering RNAs, respectively. Cell
Counting Kit-8, colony formation and EdU staining assays
were applied to investigate the function of ZNF169 in CRC
cells. Dual luciferase activity and chromatin immunoprecipi-
tation (ChIP)-quantitative PCR (QPCR) assays were performed
to identify the regulatory effects of ZNF169 on the ankyrin
repeat and zinc-finger domain-containing 1 (ANKZF1; also
known as ZNF744) gene. Reverse transcription-quantitative
PCR and western blot analysis were performed to measure
mRNA and protein expression, respectively. The analysis of
TCGA data revealed a positive correlation between ZNF169
and ANKZF1, with the overexpression of ANKZF1 being
associated with a poor prognosis of patients with CRC. The
experimental results demonstrated that ZNF169 was expres-
sion upregulated in CRC tissue compared with that in normal
colon tissue. Gain-of-function and loss-of-function experi-
ments revealed that ZNF169 enhanced the intensity of EdU
staining, promoting the growth and proliferation of CRC
cells. Furthermore, the overexpression of ZNF169 potenti-
ated the transcriptional activity of the ANKZFI1 gene, while
the knockdown of ZNF169 produced the opposite results.
ChIP-gqPCR confirmed the interaction between ZNF169 and
the promoter sequence of ANKZFI1. Rescue experiments
revealed that ZNF169 accelerated CRC cell growth and prolif-
eration through the upregulation of ANKZFI1. Furthermore,
there was a positive correlation identified between ZNF169
and ANKZF1, and upregulation of ANKZF1 expression was
associated with the poor prognosis of patients with CRC.
On the whole, the present study demonstrates that ZNF169
contributes to CRC malignancy by potentiating the expression
of ANKZF1. Thus, the regulation of ZNF169 and/or ANKZF1
expression may represent a viable strategy for the treatment
patients with CRC with a high expression of ZNF1609.

Introduction
Colorectal cancer (CRC) is the third most frequent malignancy

and the second leading cause of cancer-associated mortality
worldwide (1). An early diagnosis is crucial for the survival
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of patients with CRC. The 5-year survival rate of patients
with early-stage CRC can be as high as 90%, whereas this
rate decreases to only ~12% for patients with distant metas-
tases (2). Colonoscopy is a well-established method for the
diagnosis of CRC; however, its invasive nature limits its use for
certain patients (3). Therefore, more accurate and less invasive
screening methods are required for the detection of CRC. Over
the past few decades, alongside the rapid development of tumor
biotechnology, including genomics (4), transcriptomics (5),
proteomics (6), metabonomics (7) and non-coding RNA
omics (8), intensive studies have been conducted on the mech-
anisms of CRC tumorigenesis. This has led to the discovery
of novel biomarkers for the diagnosis of CRC and drug targets
for treatment (9,10). CRC is a heterogeneous disease (11), and
factors such as tumor cell differentiation and proliferation
markedly affect disease development, including metastases,
disease outcomes and the response to anti-tumor drugs (12).
However, the mechanisms through which these tumor hetero-
geneity factors are associated with CRC malignancy are not
yet well understood (13); therefore, identifying novel drivers
for CRC progression may shed light on the tumorigenesis of
CRC, and may provide targets for diagnosis and therapy.

Zinc finger proteins (ZNFs), which contain a wide variety
of zinc finger domains, are one of the largest protein families
in eukaryotes (14). ZNFs are able to interact with DNA, RNA,
poly-ADP-ribose (PAR) and other proteins, participating in
multiple cellular processes, such as transcriptional regulation,
ubiquitin-mediated protein degradation, signal transduction,
DNA repair and cell migration (15). Increasing evidence has
demonstrated that ZNFs play essential roles in the progression of
various types of cancer, including lung, esophageal, colorectal,
nasopharyngeal, thyroid, gastric, breast, ovarian, cervical, pros-
tate and gallbladder cancer (16-18). ZNF169 is a C2H2-type zinc
finger with Kruppel associated box domain (19). The ZNF169
gene is located at the D9S196-D9S280 interval on chromosome
9q22.3 (20). The expression of the ZNF169 gene has been
found in multiple organs and tissues, including the alimentary
tract (21). Although the physiological and pathological func-
tions of ZNF169 are not yet completely clear, a previous study
reported that its dysregulation may be involved in the progres-
sion of skin cancer (22). Via bioinformatic analysis of The
Cancer Genome Atlas (TCGA) database, the clinical relevance
and correlations of ZNF169 with genes in patients with CRC
were revealed. However, the precise function and mechanisms
of action of ZNF169 in CRC remain to be elucidated. Therefore,
it is meaningful to conduct experiments to elucidate the signifi-
cance of ZNF169 during the development of CRC.

Ankyrin repeat and zinc-finger domain-containing 1
(ANKZF1; also known as ZNF744), another ZNF, is a
peptidyl-tRNA hydrolase and a co-factor of Cdc48 (yeast
homolog to p97). The present study analyzed the genes
positively correlating with ZNF169 in CRC tissues based
on TCGA database. ANKZF1 was revealed to be one of the
10 of the most significantly positive genes, Unlike ZNF169,
ANKZF1 is located in the cytoplasm, and is a component of
the ribosome quality control complex that binds to ribosomes
and releases nascent chains from tRNA, resulting in degrada-
tion and subsequent protein synthesis (23). ANKZF1 plays a
role in the regulation of cellular functions, including cell cycle,
apoptosis, autophagy and DNA damage repair (24). It was

recently reported that ANKZF1 expression was associated
with the prognosis of patients with colon cancer (25,26), and
that it may be a promoting factor in the development of infan-
tile-onset inflammatory bowel disease (IBD) (27). However,
the upstream regulator of ANKZF1 in CRC remains unclear.

The present study aimed to investigate the clinical
significance, cellular function and underlying mechanisms
of ZNF169 in CRC cell growth and proliferation based
on the analysis of TCGA database, the immunohisto-
chemical staining (IHC staining) of CRC patient tissues and
gain-of-function/loss-of-function experiments on CRC cell
lines.

Materials and methods

IHC staining of ZNF169 and ANKZFI. The IHC staining of a
human CRC tissue microarray was conducted by Servicebio
Biotechnology Co., Ltd. The paired CRC tissues and adjacent
normal tissues (at a distance of 5 cm from the tumor margin)
were collected from patients with CRC undergoing surgical
treatment between September, 2022 and March, 2023. The
inclusion criteria were patients with primary pathologically
diagnosed CRC. The exclusion criteria were patients with
CRC had been treated with hormonal therapy or chemoradio-
therapy, or patients with chronic inflammatory disease, severe
cerebro-cardiovascular disease, respiratory disease, liver
or renal disease, or female patients who were pregnant. The
tissue sections (5-ym-thick) were subjected to IHC staining
for ZNF169 and ANKZF]I. Briefly, the sections were depa-
raffinized in xylene and hydrated in a graded alcohol series.
Antigen retrieval and endogenous peroxidase blocking were
performed using citrate buffer (pH 6) (cat no. G1219, Wuhan
Servicebio Technology Co., Ltd.) and 3% hydrogen peroxide
(cat no. 88597, MilliporeSigma), respectively. The slides were
incubated with 10% goat serum (BIOSS) for 1 h and with rabbit
polyclonal ZNF169 antibody (1:1,000 dilution; cat no. B-10117,
Weibo Biotechnology Co., Ltd.) and rabbit polyclonal ANKZF1
primary antibody (1:500 dilution; cat no. 20446-1-AP,
Proteintech Group, Inc.) at 4°C overnight. The antigen-antibody
complex was detected with a biotinylated goat anti-rabbit
antibody (1:2,500 dilution; cat no. BA1003, Boster Biological
Technology Co., Ltd.) conjugated with streptavidin-horseradish
peroxidase was used to detect the antigen-antibody complex.
Visualization was conducted using nickel-enhanced 3,3-diami-
nobenzidine tetrahydrochloride (Beijing Solarbio Science &
Technology Co., Ltd.). The tissue sections were then counter-
stained with hematoxylin (cat no. G1004, Wuhan Servicebio
Technology Co., Ltd.) for 3-5 min at room temperature. For
the mean density analysis of THC staining, three or more
fields (magnification, x200) were randomly selected from each
section for imaging. The staining density value is the relative
expression level of the proteins. The high or low expression of
ZNF169 and ANKZF1 was set during the density analysis. The
present study was approved by the Ethics Committee of Beijing
Rehabilitation Hospital of Capital Medical University (Beijing,
China). A form of written informed consent was obtained from
each participant in the present study.

Analysis of ZNF169 and ANKZF1 based on TCGA. The
transcript level of ZNF169 and ANKZF1, the Spearman's
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correlation analysis of the correlation between ZNF169 and
other genes, as well as the prognostic significance of ZNF169
and ANKZF1 in patients with CRC were analyzed based on
TCGA database (http://cancergenome.nih.gov).

Cells and cell culture. The 293T cells (cat no. CRL-3216) was
purchased from the American Type Culture Collection. The
normalhuman colorectal cellline NCM460 (catno.CL0393) was
purchased from FENGHUIBIO (www.fenghbio.cn). The CRC
cell lines, RKO (cat no. CL-0196), HCT-116 (cat no. CL-0096),
HT-29 (cat no. CL-0118), SW620 (cat no. CL-0225) and HCT-8
(cat no. CL-0098), were purchased from Procell Life Science
& Technology Co. Ltd. STR profiling was used to confirm the
authentication of the HT-29 cell line. All the cells were cultured
in RPMI-1640 complete medium (Gibco; Thermo Fisher
Scientific, Inc.), containing 10% fetal bovine serum (Gibco;
Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin
solution (Corning, Inc.). The cells were maintained in 6-cm
plates at 37°C in an incubator with 5% CO,.

Knockdown and overexpression of ZNF169 and ANKZF1.
For the knockdown assay, the HCT-116, RKO or HT-29
CRC cells were transfected with small interfering RNAs
(siRNAs) against ZNF169, ANKZF1 or negative control
siRNA using RNAiMAX regent (Invitrogen; Thermo
Fisher Scientific, Inc.). A total of 3 ul of 20 uM siRNAs
and 4 ul RNAIMAX were added to 400 ul Opti-MEM
(cat no. 31985070, Gibco; Thermo Fisher Scientific, Inc.) and
were incubated at room temperature for 15 min. The mixture
was then added to 1.6 ml culture medium. After 48 h, the
cells were examined using reverse transcription-quantitative
PCR (RT-qPCR), western blot analysis, cellular function
assays and other experiments. The siRNAs were purchased
from HIPPOBIO company (http://www.hippobiotec.com/).
The siRNA sequences were as follows: siCtrl, 5'-UUCUCC
GAACGUGUCACGU-3'; siZNF169, 5'-GAAGCUCCAAGA
UGCUCUAGU-3'; siANKZF1, 5'-GGUGCUAUAUUUCAA
GGAAGA-3.

For the overexpression assay, the coding sequences of
ZNF169 or ANKZF1 were synthesized and cloned into the
pCDH overexpression plasmids by HIPPOBIO company
(http://www.hippobiotec.com/). Subsequently, lentiviruses
were produced by transfecting the 293T cells using VigoFect
(cat no. Vigorous Biotechnology, http://www.vigorousbiol.
com/index.htm) with pCDH-Ctrl, pCDH-ZNF169, or
pCDH-ANKZF]1 vectors, alongside the packaging plasmids,
including PSPAX?2 and PDM2G. After 48 h, the virus superna-
tants were harvested, filtered and concentrated. Subsequently,
the lentiviruses were added to the medium, supplied with poly-
brene, to infect the HT-29 or HCT-116 cells for 48 h. Finally,
the cell lines with a stable overexpression were constructed
by treating the cells with puromycin (cat no. HB-PU-1000,
HANBIO, https:/www.hanbio.net/) for 2 weeks.

RT-qPCR.Total RNA was extracted from the HCT-116, RKO or
HT-29 cells using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's instructions.
ReverTra Ace™ qPCR RT Master Mix with gDNA Remover
kit (cat no. FSQ-301, Toyobo Life Science) was then applied
to reverse transcribe the RNA into cDNA, according to the
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manufacturer's instructions. Subsequently, the quantification
of cDNA was performed using qPCR with SYBR master
mixture (Takara Bio, Inc.) on a Bio-Rad system (Bio-Rad
Laboratories, Inc.). The PCR thermocycling conditions were
as follows: i) Holding stage, 95°C for 3 min; ii) cycling stage,
95°C for 15 sec; iii) Cycling stage, 60°C for 30 sec; iv) cycling
stage, 72°C for 30 sec; cycling stage, 2-4; 40 cycles. The gPCR
primer sequences were as follows: ANKZF1 forward, 5'-CGG
TTTAACCTAAAGCAACGTCT-3' and reverse, 5'-CCG
ATCCAGTGTCTGCAAGT-3'; B-actin forward, 5'-CATGTA
CGTTGCTATCCAGGC-3' and reverse, 5'-CTCCTTAAT
GTCACGCACGAT-3'. The quantification of qPCR data was
performed according the 2244 method (28).

Western blot analysis. Total protein was extracted from the
NCM460, RKO, HCT-116, SW620, HT-29 and HCT-8 cells
using RIPA buffer (Beyotime Institute of Biotechnology).
The protein concentration was measured using the BCA kit
(Thermo Fisher Scientific, Inc.). A total of 40-70 ug proteins
were then separated by SDS-PAGE on 10 or 12% gels,
followed by transfer onto PVDF membranes. The PVDF
membranes were blocked with 5% non-fat milk and incubated
with primary antibodies at 4°C overnight. After washing
with PBS (Wuhan Servicebio Technology Co., Ltd.)-Tween
(Beyotime Institute of Biotechnology), the membranes were
incubated with secondary antibodies for 2 h at room tempera-
ture. The protein signal was detected using the ECL-Plus kit
(cat no. RPN2232, Cytiva). The antibody against ZNF169
(1:1,000; cat. no. ab225924) was purchased from Abcam, and
the antibodies against ANKZF1 (1:800; cat. no. 20447-1-AP)
and GAPDH (1:10,000; 10494-1-AP) were obtained from
Proteintech Group, Inc. The mouse anti-rabbit IgG-HRP
secondary antibody (1:8,000; cat. no. sc-2357) was from Santa
Cruz Biotechnology, Inc.

Cell Counting Kit-8 (CCK-8). The proliferation of the CRC
cells was determined using a CCK-8 kit. Briefly, a total of
3,000 HCT-116, RKO and HT-29 cells were seeded into
96-well plates, which contained 200 pl culture medium. After
8 h, 20 ul CCK-8 regent (cat no. C0039, Beyotime Institute of
Biotechnology) were added to each well and incubated at 37°C
for 3 h. The OD value was then measured at 450 nm, which
represented the relative cell viability of O h. At the time points
of 24,48, 72 and 96 h, the cell viability was sequentially deter-
mined to compare to the OD450 value at O h.

Colony formation assay.Following ZNF169 knockdown, 2,000
HCT-116 and RKO cells from the siCtrl and siZNF169 groups
were seeded into six-well plates, and the cells in completed
culture medium were maintained for 8 days in a cell incubator
at 37°C. Following the overexpression of ZNF169, 500 HT-29
cells from the Ctrl and ZNF169 overexpression groups were
cultured in six-well plates for 10 days. After colonies were
formed, they were washed twice with PBS (Wuhan Servicebio
Technology Co., Ltd.). Subsequently, methanol was used to fix
the colonies for 30 min at room temperature and 0.1% crystal
violet (Beyotime Institute of Biotechnology) was used to stain
them for 30 min at room temperature. Finally, the images
of the colonies were captured using a camera (EOS700D,
Canon, Inc.).
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Measurement of caspase-3/7 activity. Caspase-3/caspase-7
activity was detected using the Caspase-Glo reagent (Promega
Corporation). Briefly, 10,000 suspended HCT-116, RKO or
HT-29 cells were seeded into 96-well plates, to which 100 pl
Caspase-Glo was added. After 90 min, the caspase-3/caspase-7
activity was detected using a microplate reader (M2009PR,
Tecan infinite, Tecan Group, Ltd.).

EdU staining. To assess DNA synthesis, the HCT-116, RKO
or HT-29 CRC cells were subjected to EAU staining using the
BeyoClick™ EdU Cell Proliferation kit with Alexa Fluor 555
(Beyotime Institute of Biotechnology), according to the manu-
facturer's instructions. A total of 5x10° HCT-116 and RKO
cells transfected with a negative control siRNA or a siRNA
against ZNF169, or a total of 4x10° HT-29 cells infected with
an empty control or ZNF169 overexpression lentivirus, were
seeded onto coverslips in six-well plates. After 24 h, the cells
were incubated with EdU reagent at 37°C for 4-6 h. The cells
on the coverslips were then washed with PBS, fixed with 4%
paraformaldehyde (Wuhan Servicebio Technology Co., Ltd.)
for 15 min at room temperature, treated with 0.5% Triton X-100
(Beyotime Institute of Biotechnology) for 15 min at room
temperature, and finally stained with Click Additive Solution
(Beyotime Institute of Biotechnology) for 30 min at room
temperature and DAPI (Beyotime Institute of Biotechnology)
for 15 min at room temperature in the dark. Images of the
EdU-positive cells were captured under a microscope and
quantified by Photoshop.

Dual luciferase reporter assay. The promoter of ANKZF1 was
cloned into the pGL3 basic vector (Promega Corporation). The
HCT-116 and HT-29 cells were seeded in 24-well plates and
co-transfected with the aforementioned luciferase vectors and
the expression vectors (knockdown or overexpression vector)
using VigoFect for 48 h in a cell incubator at 37°C. The Renilla
luciferase vector, pPCMV-RL-TK (Promega Corporation),
was used as an internal control to determine the transfection
efficiency. At 48 h following transfection, the dual luciferase
activity was checked by using the Dual-Luciferase® Reporter
Assay System (E1910, Promega Corporation), according to the
manufacturer's protocols.

Chromatin immunoprecipitation (ChiP)-gPCR. A ChIP
assay was performed to determine whether ZNF169 binds
to the promoter of the ANKZFI1 gene in the control and
ZNF169-overexpressing cells. The ChIP-qPCR assay was
performed using the SimpleChIP enzymatic chromatin IP
kit (cat no. 26156, Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocols. The purified DNA was then
subjected to qPCR analysis. The qPCR primers were designed
to amplify the promoter sequence (2,000 bp upstream of the
ANKZF]1 transcript) of the ANKZF1 gene. The qPCR primer
sequences were as follows: Forward, 5'-CTCCATGTTCTT
CCATCAACT-3' and reverse 5-CTCCTTATTGGCAGG
TGGTC-3.

Statistical analysis. GraphPad Prism 8.0 software (Dotmatics)
was used for statistical analyses. The results are presented as
the mean = standard error of the mean (meean + SEM). Adobe
[llustrator 2021 (Adobe Inc.) was utilized to create the figures.

The Chi-squared test (% value) was performed to assess the
relevance of ZNF169 expression in CRC and normal samples.
An unpaired Student's t-test and one-way ANOVA followed
by Tukey's post hoc test were applied to compare the differ-
ences between two groups and among more than two groups,
respectively. P<0.05 was considered to indicate a statistically
significant difference.

Results

ZNF169 expression is upregulated in patients with CRC. To
examine the clinical relevance of ZNF169 in CRC, the present
study first collected data from TCGA and analyzed the expres-
sion of ZNF169 in CRC and normal tissues. It was found that
ZNF169 expression was upregulated in CRC tissues compared
with normal tissues (Fig. 1A). GEPIA is a newly developed
interactive web server which uses the log-rank test (the
Mantel-Cox test) for survival analysis (29). The patients with
CRC were subsequently divided into the ZNF169 high and low
expression groups, and their survival rates were analyzed from
GEPIA. The patients in the high ZNF169 expression group
had a shorter survival time (Fig. 1B), suggesting that ZNF169
functions as a negative prognostic biomarker for patients with
CRC. In order to validate the protein expression of ZNF169,
a tissue microarray containing cancer and normal tissues
from patients with CRC was subjected to the IHC staining
of ZNF169. The results indicated that the protein expression
of ZNF169 was higher in CRC tissues than in normal tissues
(Fig. 1C and Table I). It was also found that ZNF169 was
highly expressed in CRC cell lines, including RKO, HT-29
and HCT-116, as compared with the NCM460 normal cell line
(Fig. 1D).

ZNF169 promotes the proliferation and growth of CRC cells.
The present study then explored the cellular function of
ZNF169 in CRC cells. As the HCT-116 and RKO cells had
a relatively higher expression of ZNF169, these cells were
transfected with a negative control siRNAs and with siRNAs
against and ZNF169. The results of western blot analysis
revealed that ZNF169 was efficiently silenced in the siZNF169
cells (Fig. 2A). The results of the CCK-8 assay demonstrated
that ZNF169 knockdown suppressed the proliferation of the
HCT-116 and RKO cells (Fig. 2B). Consistently, the colony
formation capacity of the HCT-116 and RKO cells was also
suppressed following the knockdown of ZNF169 (Fig. 2C).
Subsequently, the HT-29 cells were transfected with an empty
control or ZNF169 overexpression lentivirus, and the results
of western blot analysis validated the overexpression efficacy
(Fig. 2D). The results of CCK-8 and colony formation assays
demonstrated that the ectopic overexpression of ZNF169
significantly promoted the malignant growth of the HT-29
cells (Fig. 2E and F). These results suggested that ZNF169
may be critical for the growth and proliferation of CRC cells.

ZNF169 potentiates EdU staining and inhibits caspase
activity in CRC cells. To examine the mechanisms through
which ZNF169 contributes to the proliferation of CRC cells,
the CRC cells in which ZNF169 was knocked down or over-
expressed were subjected to EdU staining, which predicts
DNA synthesis. It was found that ZNF169 knockdown
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Table I. Expression of ZNF169 in CRC and normal tissues examined using immunohistochemistry.

ZNF169 expression Cancer tissue (no. of samples) Normal tissue (no. of samples) x* value P-value
High expression 15 6 6.75 <0.01
Low expression 7 15

Total 22 21

ZNF169, zinc finger protein 169; CRC, colorectal cancer.
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Figure 1. Clinical significance of ZNF169 in patients with CRC. (A) The transcript abundance of ZNF169 was analyzed in CRC tissues (n=286) and adjacent
normal tissues (n=41) based on TCGA database. P<0.05. (B) Immunohistochemical staining of ZNF169 in a tissue microarray containing CRC and adjacent
normal tissues. (C) Overall survival of CRC patients who were divided into the ZNF169 high (n=161) and low (n=161) expression groups. P=0.034. (D) The
protein expression of ZNF169 was examined using western blot analysis in the normal colon cell line NCM460, and in the CRC cells, RKO, HCT-116, SW620,
HT-29 and HCT-8. During the western blot analysis experiments, the blots were cut prior to incubation with the antibodies. ZNF169, zinc finger protein 169;

CRC, colorectal cancer; TCGA, The Cancer Genome Atlas.

significantly suppressed the proportion of EdU-positive
cells in both cell lines (Fig. 3A and B). By contrast, the
ectopic overexpression of ZNF169 enhanced the proportion
of EdU-positive HT-29 cells (Fig. 3A and B). The present
study then analyzed the activity of caspase-3/7, which can
be used to predict apoptosis, following the knockdown or
overexpression of ZNF169 in the cells. As shown in Fig. 3C,
ZNF169 knockdown enhanced caspase-3/7 activity in the
HCT-116 and RKO cells. Conversely, ZNF169 overexpression
suppressed caspase-3/7 activity in the HT-29 cells. These

results indicated that ZNF169 promotes DNA synthesis and
suppresses the apoptosis of CRC cells.

ZNF169 transcriptionally activates ANKZFI in CRC cells.
Since ZNF169 serves as a transcription factor in eukary-
otes, there must be downstream effectors that participate in
the ZNF169-induced promotion of CRC cell proliferation.
Therefore, the present study then analyzed the genes positively
correlated with ZNF169 in CRC tissues based on TCGA
database. A total of 10 of the most significantly positively
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Figure 2. ZNF169 promotes the proliferation of colorectal cancer cells. (A) Western blot analysis of ZNF169 in siCtrl- and siZNF169-transfected HCT-116
and RKO cells. (B) CCK-8 assay was applied to detect the viability of the siCtrl- and siZNF169-transfected HCT-116 and RKO cells. "P<0.05 and “P<0.01, vs.
the control. (C) Colony formation assay was performed in the siCtrl- and siZNF169-transfected HCT-116 and RKO cells. "P<0.05 and “P<0.01, vs. the control.
(D) Western blot analysis of ZNF169 expression in HT-29 cells transfected with Ctrl and ZNF169-overexpressing lentivirus. (E) CCK-8 assay was applied to
detect the viability of the Ctrl and ZNF169-overexpressing HT-29 cells. "P<0.05 and “P<0.01, vs. the control. (F) Colony formation assay was performed in
the Ctrl and ZNF169-overexpressing HT-29 cells. “P<0.01, vs. the control. During the western blot analysis experiments, the blots were cut prior to incubation
with the antibodies. The results are presented as the mean + standard error of the mean. ZNF169, zinc finger protein 169.

correlated genes, including ZNF789 and ANKZF1, are illus-
trated in Fig. 4A. Since the overexpression of ANKZFI has
been reported to be associated with the poor prognosis of
patients with CRC (25,26), the present study aimed to explore
whether ZNF169 regulated ANKZF1 in the present study, and
we aim to explore the significance of other genes positively
correlated with ZNF169, such as ZNF789 and AGAP4, in the

subsequent studies.. Based on the results of RT-qPCR and
western blot analysis, it was found that ZNF169 knockdown
markedly suppressed the mRNA and protein expression levels
of ANKZF1 in the HCT-116 and RKO cells (Fig. 4B and C).
By contrast, the overexpression of ZNF169 potentiated the
expression of ANKZF1 in the HT-29 cells (Fig. 4B and C). In
order to examine whether ZNF169 regulates the transcriptional
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Figure 3. ZNF169 affects EdU staining and caspase-3/7 activity in
colorectal cancer cells. (A and B) EdU staining was performed in siCtrl
and siZNF169-transfected HCT-116 and RKO cells, and in Ctrl and
ZNF169-overexpressing HT-29 cells. "P<0.05, vs. the control. (C) Caspase-3/7
activity was analyzed in the siCtrl and siZNF169-transfected HCT-116 and
RKO cells, and in Ctrl and ZNF169-overexpressing HT-29 cells. “P<0.05,
vs. the control. The results are presented as the mean + standard error of the
mean. ZNF169, zinc finger protein 169.

activity of the ANKZF1 gene, the promoter sequence of the
ANKZF1 gene was cloned into a pGL3.basic vector and a dual
luciferase activity assay was performed. It was demonstrated
that ZNF169 knockdown inhibited the luciferase activity of
the ANKZF1 promoter, whereas ZNF169 overexpression
promoted it (Fig. 4D). In addition, a ChIP-qPCR assay was
carried out to examine the interaction between the ZNF169
protein and the promoter sequence of the ANKZF1 gene. It
was found that the promoter sequence of the ANKZFI1 gene
was highly enriched in the ANKZFI1-Flag group of CRC cells
(Fig. 4E). Collectively, ZNF169 may potentiate the transcrip-
tional activity of the ANKZF1 gene by directly interacting
with its promoter sequence.

ZNF169 contributes to the proliferation of CRC cells
through upregulation of ANKZFI1. As ZNF169 was found
to promote CRC cell proliferation and positively regulate

ZNF169-overexpressing CRC cells and the cells were subjected
to CCK-8 and colony formation assays. The results of western
blot analysis revealed that ANKZF1 was efficiently silenced
after the ZNF169-overexpressing cells were transfected with
siANKZF1 (Fig. 5A). The results of CCK-8 and colony forma-
tion assays demonstrated that ANKZF1 knockdown suppressed
the growth and proliferation of the CRC cells in which ZNF169
was overexpressed (Fig. 5B and C). To validate the function of
ANKZF1, ANKZF1 was then overexpressed in the HCT-116
cells in which ZNF169 was silenced. ANKZF1 overexpression
lentivirus significantly increased the mRNA level of ANKZF1
in the HCT-116 cells when compared with the cells transfected
with the Ctrl lentivirus (Fig. S1B). Based on the results of
western blot analysis, ANKZF1 was found to be overexpressed
in the HCT-116 cells in which ZNF169 was silenced (Fig. 5D).
ANKZF]1 overexpression restored the proliferation and growth
of the HCT-116 cells in which ZNF169 was knocked down
(Fig. 5E and F). These results suggested that ZNF169 may
contribute to the growth and proliferation of CRC cells through
the upregulation of ANKZF1.

ANKZF1 overexpression is associated with the poor prog-
nosis of patients with CRC. Finally, the clinical relevance of
ANKZF1 was investigated in patients with CRC. Based on
TCGA database, ANKZF1 expression was upregulated in the
cancer tissues of patients with CRC compared with normal
tissues (Fig. 6A). Consistently, the results of IHC staining
revealed that the protein expression of ANKZF1 was higher in
CRC tissues compared with adjacent normal tissues (Fig. 6B).
It was also demonstrated that there was a positive correlation
between ZNF169 and ANKZF1 expression in the tissues of
patients with CRC (Fig. 6C and Table II). Importantly, a high
expression of ANKZF1 was associated with a poor prognosis
of patients with CRC as compared with those with a low
expression of ANKZF1 (Fig. 6D). Thus, ANKZF1 may be
considered a negative prognostic biomarker for patients with
CRC.


https://www.spandidos-publications.com/10.3892/or.2024.8741

A B
5087 & 1.5-
g 2
§ 0.6 s
= X 1.0
3 3 1.0
B 0.4 - =
o o
c € 054
®© .
g 0.2 - -
g g
¢ 0.0- Z 0.0-
" 389K
Z oNRE
&)
C D
HCT-116 1.59
—_— HT-29 =
o —_— =
g E
= LZL o 1.09
o N E 8
o o O 5
. 5 i
ANKZFT — 3 05
[m]
0.0-

GAPDH

ZHANG et al: ZNF169 AND ANKZF1 IN COLORECTAL CANCER CELLS

HCT-116 RKO HT-29
5157 S 4-
) wn
1) )]
© o
% Q 34 *
01.0' 5
< <
zZ Z o
o ol
€054 IS
o 14
N N
= =
Z0.0- Z
= o T o = o
5 & 5 & 3
° 5 e 5 L
N N g
@ » B
HCT-116 HT-29 E HT-29
,é‘ 51 %‘ 101 .
s g
© 44 z = g4
S S
2 34 £ 61
: 5
S 24 g 47
. = £
© 1 = 2_.
a g
0 0-
= a = xR =
5 ¢ 5 © 5 8
7} % % E
N N &
7] ® &

Figure 4. ZNF169 potentiates the transcriptional activity of the ANKZF1 gene in CRC cells. (A) The positively correlated genes of ZNF169 were analyzed in
patients with CRC based on The Cancer Genome Atlas database. (B) Reverse transcription-quantitative PCR assay was used to detect the mRNA expression
levels of ANKZF1 in siCtrl and siZNF169-transfected HCT-116 cells and RKO cells, and in Ctrl and ZNF169-overexpressing HT-29 cells. "P<0.05, vs. the
control. (C) Western blot analysis was used to detect the protein expression levels of ANKZF1 in siCtrl and siZNF169-transfected HCT-116 cells, and in
Ctrl and ZNF169-overexpressing HT-29 cells. (D) Dual luciferase activity was detected in siCtrl and siZNF169-transfected HCT-116 cells, and in Ctrl and
ZNF169-overexpressing HT-29 cells. “P<0.05, vs. the control. (E) Chromatin immunoprecipitation-quantitative PCR was performed to analyze the interaction
between ZNF169 and the promoter sequence of ANKZF1 in CRC cells. “P<0.01, vs. the control. During the western blot analysis experiments, the blots
were cut prior to incubation with the antibodies. The results are presented as the mean + standard error of the mean. ZNF169, zinc finger protein 169; CRC,
colorectal cancer; ANKZF1, ankyrin repeat and zinc-finger domain-containing 1.

Discussion

Members of the ZNF family can function as either tumor
suppressor genes or oncogenes (16). Recently, the importance
of ZNFs in cancer onset and progression has been actively
studied. The findings have demonstrated that ZNFs are
involved in the regulation of the malignancy of cancer cells
through a variety of mechanisms, including by functioning
as transcription factors (15,30). The results from the present
study demonstrated that ZNF169 functioned as an oncogene
to promote the development of CRC by potentiating the
expression of ANKZF1. To the best of our knowledge, this
is the first study on the role of ZNF169 in tumorigenesis.
ZNF1609 is considered to function as a transcription factor,
and may have functions in DNA-binding transcription activity,
particularly in RNA polymerase II transcription regula-
tory region sequence-specific DNA-binding activity (31,32).
RNA polymerase II transcribes all protein-coding genes in
eukaryotic genomes (33); therefore, ZNF169 could indirectly
affect various biological processes. ZNF169 has been reported
to be relevant to obesity, malignant essential hypertension,

speech-language disorder-1, Fanconi anemia and other human
disorders (22,34,35). However, both the regulation of ZNF169
on target genes and the regulation of ZNF169 expression
are not yet completely clear. Bhattacharya and Ghosh (36)
demonstrated that herpes virus-associated ubiquitin specific
protease is implicated in the regulation of transcription factors,
including ZNF169. Huttlin et al (37) employed robust affinity
purification-mass spectrometry methodology and demon-
strated that ZNF169 interacts with dozens of other proteins;
however, the precise results of these interactions need to be
further investigated.

The data of the present study demonstrated that ZNF169
promoted DNA synthesis and reduced caspase-3 and -7 activity
in CRC cell lines. This may be one of the mechanisms under-
lying the promoting effects of ZNF169 on CRC malignancy.
These results further indicated the oncogenic role of ZNF169
in the progression of CRC. The significance of ZNFs has been
reported in CRC development by other studies. Cheng et al (38)
found that ZNF277 was overexpressed in human CRC samples.
Xie et al (39) further confirmed that ZNF277 was uniquely
expressed in early colorectal stem cells and undifferentiated
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Figure 5. ANKZF]1 is responsible for the proliferative ability of colorectal cancer cells promoted by ZNF169. (A) Western blot analysis of ANKZF1 in Ctrl,
ZNF169 and ZNF169 + siANKZF1-transfected HT-29 cells. (B) CCK-8 analysis of cell proliferation in the Ctrl, ZNF169 and ZNF169 + siANKZF1-transfected
HT-29 cells. "P<0.05, Ctrl vs. ZNF169 and ZNF169 vs. ZNF169 + siANKZF1 group. (C) The activity of caspase-3/7 was examined in the Ctrl, ZNF169 and
ZNF169 + siANKZF1-transfected HT-29 cells. "P<0.05. (D) Western blot analysis of ANKZF1 in the siCtrl, siZNF169 and siZNF169 + ANKZF1-transfected
HCT-116 cells. (E) CCK-8 analysis of cell proliferation in the siCtrl, siZNF169 and siZNF169 + ANKZFI1-transfected HCT-116 cells. "P<0.05, siCtrl vs.
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transit-amplifying cells. In addition, it was reported that the
overexpression of ZNF277 is critical for maintaining CRC
growth (39). ZNF367 is another oncogene in CRC. The deple-
tion of ZNF367 has been reported to blunt the proliferation and
invasion of CRC cells via the inactivation of the YAP signaling
pathway (40). In CRC, ZNF28]1 also plays a role in metastasis
through the regulation of the epithelial-mesenchymal transi-
tion (EMT). During EMT, c-MYC induces the expression of
ZNF281 in a SNAIL-dependent manner, while microRNA
(miR)-34a decreases the post-transcriptional level of ZNF28]1.
Notably, p53 can promote the expression of miR-34a (41).
ZNF281, functioning as a regulator, has been shown to be
associated with an increased migration/invasion and an
enhanced 3-catenin activity (42). There are numerous proteins
in the ZNF family, and their functions have a wide range of
molecular effects on several cellular processes (15). It has been
reported that ZNFs can affect cancer malignancy via various

mechanisms (16). A single ZNF can function as a suppressor
gene in certain types of tumors, whereas it may function as
an oncogene in others. ZBP89 (also referred to as ZNF148)
is C2H2-type transcription factor. On the one hand, ZBP89
exerts its oncogenic function by regulating matrix metallopep-
tidase 3, and inhibiting ornithine decarboxylase and vimentin,
in breast cancer, melanoma and gastric cancer (43-45). These
three molecules are involved in tumor development, migration,
invasion and metastasis. On the other hand, ZBP89 may func-
tion as a tumor suppressor gene by inhibiting cell proliferation
and inducing apoptosis by regulating the (3-catenin pathway in
CRC (46,47).

In the present study, it was found that ZNF789 and
ANKZF1 were the top two genes which positively correlated
with the expression of ZNF169 in the tissues of patients with
CRC.Tothebestof ourknowledge, the involvement of ZNF789
has not been reported in cancer. The present study focused on
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Figure 6. ZNF169 positively correlates with ANKZF1 in patients with CRC. (A) The transcript abundance of ANKZF1 was analyzed in CRC tissues (n=286)
and adjacent normal tissues (n=41) based on TCGA database. P<0.05. (B) Immunohistochemical staining of ANKZF1 in a tissue microarray containing CRC
and adjacent normal tissues. (C) Spearman's correlation analysis of the correlation between ZNF169 and ANKZF1 expression in patients with CRC from
TCGA database. Rs=0.58, P<0.001. (D) Overall survival of patients with CRC who were divided into the ANKZF1 high (n=162) and low (n=162) expression
group. P=0.02. ZNF169, zinc finger protein 169; ANKZF1, ankyrin repeat and zinc-finger domain-containing 1; CRC, colorectal cancer.

ANKZF]I and identified ANKZF1 as a downstream effector
in the ZNF169-induced promotion of CRC cell proliferation.
ZNF169 positively regulated the expression of ANKZF1 by
directly interacting with the promoter of the ANKZF1 gene,
and ANKZF1 contributed to the accelerated proliferation of
CRC cells triggered by ZNF169. Apart from the regulation
of ANKZF1 by ZNF169, there may be different pathways
involved in the regulation of ANKZF1 expression, such as
the IFN receptor family (48). Lai and Park (49) demonstrated
that MET, also known as hepatocyte growth factor receptor,
was involved in the regulation of the transcription of the
ANKZF1 gene in gastric cancer cells, as the expression of
the ANKZF1 gene was shown to be increased when the cells
were treated with a MET molecule inhibitor. Furthermore, the
activity of peroxisome proliferator-activated receptor could

inhibit the transcription of ANKZF1 in monocyte-derived
dendritic cells (50). It has been reported that the increased
expression of ANKZF1 may predict the malignant progres-
sion and poor survival of patients with CRC (25,51). by
contrast, the knockdown of ANKZF1 suppresses the growth
and invasion of CRC cells (52). These results suggest that
ANKZF1 may function as an oncogenic protein in CRC.
van Haaften-Visser et al (27) demonstrated that ANKZF1
mutations lad to a reduction in mitochondrial integrity and
respiration, which may be a pathological factor in the patho-
genesis of infantile-onset IBD.

A number of issues remain unclear, such as the mechanisms
underlying the effects of the upregulation of ZNF169 expres-
sion in patients with CRC and the additional mechanisms
upregulating ANKZF1 expression in CRC. These questions
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need to be addressed in future studies. DNA methylation of
gene promoters and copy number variants of genes are two key
events contributing to the dysregulation of genes; however, it
remains to be determined whether these events play a role in
the expression of ZNF169 and/or ANKZF1 in CRC. It may be
worthwhile to explore the role of the upstream or downstream
factors in the regulation of the ZNF169/ANKZF]1 axis.

In conclusion, the present study demonstrated that the
expression of ZNF169 was markedly increased in CRC, and
high expression pf ZNF169 was associated with the poor
overall survival of patients with CRC. Furthermore, ZNF169
could positively regulate its downstream factor, ANKZFI,
which in turn accelerated CRC cell progression. The present
study demonstrated the biological function of ZNF169 in
CRC, which may provide novel insight into the diagnosis and
treatment of CRC.
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