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Zinc finger protein 180 induces an apoptotic phenotype by
activating METTL14 transcriptional activity in colorectal cancer
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Abstract. Zinc finger protein 180 (ZNF180) is a multifunc-
tional protein that interacts with nucleic acids and regulates
various cellular processes; however, the function of ZNF180
in colorectal cancer (CRC) remains unclear. The present
study investigated the role and function of ZNF180 in CRC,
and aimed to reveal the underlying molecular mechanism.
The results revealed that ZNF180 was downregulated in CRC
tissues and was associated with a good prognosis in patients
with CRC. Additionally, the expression of ZNF180 was
downregulated by methylation in CRC. In vivo and in vitro
experiments revealed that ZNF180 overexpression was func-
tionally associated with the inhibition of cell proliferation
and the induction of apoptosis. Mechanistically, chromatin
immunoprecipitation-PCR and luciferase assays demonstrated
that ZNF180 markedly regulated the transcriptional activity
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of methyltransferase 14, N6-adenosine-methyltransferase
non-catalytic subunit (METTLI14) by directly binding to and
activating its promoter region. Simultaneous overexpression
of ZNF180 and knockdown of METTL14 indicated that the
reduction of METTL14 could suppress the effects of ZNF180
on the induction of apoptosis. Clinically, the present study
observed a significant positive correlation between ZNF180
and METTLI14 expression levels, and low expression of
ZNF180 and METTLI14 predicted a poor prognosis in CRC.
Overall, these findings revealed a novel mechanism by which
the ZNF180/METTLI14 axis may modulate apoptosis and cell
proliferation in CRC. This evidence suggests that this axis
may serve as a prognostic biomarker and therapeutic target in
patients with CRC.

Introduction

Colorectal cancer (CRC) is one of the most common malignan-
cies and ranks third among the leading causes of cancer-related
death worldwide (1,2). Death due to CRC is mainly caused by
disease recurrence and metastasis after surgery (3). Despite
advances in treatment strategies, including improved surgical
techniques and adjuvant therapy, the mortality rate among
patients with CRC remains high due to high rates of metas-
tasis and recurrence (4,5). Exploring the mechanisms that
underlie the progression of CRC may accelerate the search for
new diagnostic biomarkers and the development of effective
therapeutic targets.

Zinc finger proteins (ZNFs) belong to a large group
of proteins that bind to nucleic acids and perform various
functions. The zinc finger domain is a common amino acid
sequence motif that contains two cysteines and two histidines
in specific positions that coordinate zinc. Okada et al (6)
reported that the zinc finger transcription factor early growth
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response gene-1 may be involved in inflammation caused
by vascular injury and thrombosis. ZNF180 (also termed
HHZ168) is a ZNF family member. It is a coded gene that
regulates immune cell infiltration in melanoma cells and has
an inverse relationship with plasminogen activator inhibitor-1
expression (7). Currently, research on ZNF180 is limited,
particularly regarding its expression profile in CRC, and its
association with tumor progression and prognosis remains
unknown.

DNA methylation is a common epigenetic modification
that regulates a variety of processes, such as differentiation,
development, aging and tumorigenesis. Aberrant DNA meth-
ylation is one of the most common epigenetic aberrations in
tumorigenesis (8). Aberrant DNA hypermethylation of CpG
islands leads to silencing of genes involved in differentia-
tion and the reactivation of stem cell-related genes (9). CpG
methylation is primarily mediated by DNA methyltransferases
(DNMTs), such as DNMT1, DNMT3a and DNMT3b (10).
Hypermethylation of tumor suppressor genes is an early event
in some solid tumors, and one of the earliest detectable features
of neoplastic alterations associated with tumorigenesis (11,12).
Several studies have identified specific DNA methylation sites
for some genes, such as septin 9, as biomarkers for CRC (13-15).
However, the association between ZNF180 and methylation,
and its potential value in CRC screening and early detection
remains to be further explored.

N6-methyladenosine (m°A), one of the most common
chemical modifications in eukaryotic mRNA, serves a
crucial role in tumorigenesis and development. m°A meth-
ylation is regulated by multiple genes and can be catalyzed
by methyltransferases [e.g., methyltransferase 3/14/16,
N6-adenosine-methyltransferase complex catalytic subunit
(METTL3/14/16) ‘writers’] or removed by demethylases
(e.g., FTO and alkB homolog 5, RNA demethylase ‘erasers’).
In addition, it interacts with the m°A binding proteins [e.g.,
YTH N6-methyladenosine RNA binding protein F1/2/3
(YTHDF1/2/3) and insulin-like growth factor 2 mRNA
binding protein 1/2/3 ‘readers’] (16). METTLI14 is a m°A
writing protein that is widely involved in the progression of
major diseases (17). Studies have shown that METTL14 func-
tions as a tumor suppressor in CRC (18), bladder cancer (19)
and breast cancer (20); however, it has been reported to serve a
role as a carcinogenic factor in thyroid cancer (21), pancreatic
cancer (22) and leukemia (23).

The present study hypothesized that ZNF180 functions as
a tumor suppressor gene, suppressing cell proliferation and
inducing apoptosis in CRC cells. Therefore, the aim of this
study was to investigate the molecular mechanisms underlying
the function of ZNF180 in CRC.

Materials and methods

Cell lines and cell culture. The human cell lines 293T, HCTS,
RKO, CACO2, SW480, SW620, LOVO, HCT116, HT29,
DLD-1, HCT15, WIDR, SW48, COLO320 and LS174T, and
the intestinal epithelial cell line HIEC-6 were cultured in
Dulbecco's modified Eagle's medium (cat. no. C11995500BT;
Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10%
FBS (cat. no. BS1614-105; BIOEXPLORER) at 37°C and 5%
CO,. The two cell lines with the highest efficiency of

overexpressing ZNF180 at the protein level (HCT116 and
RKO) were selected for subsequent functional studies. All cell
lines were purchased and certified from the American Type
Culture Collection, with the exception of the HIEC-6 and
CACO?2 cell lines, which were obtained from the laboratory
of Professor Ping Lan (The Sixth Affiliated Hospital, Sun
Yat-sen University, Guangzhou, China).

Lentiviral production and cell transduction.
Lentiviral-mediated cell transduction was performed as
described previously (24). To prepare cells, several wells
of target cells in the logarithmic growth phase and parallel
control 293T cells were inoculated in a 24-well culture plate
at a confluence of ~50%, 100 ul medium was added to each
well, and the cells were cultured until they became adherent.
Notably, the optimal confluence of the cells for viral infec-
tion was ~70%. Lentiviruses were produced by mixing the
ZNF180 overexpression plasmid (GV341) with 3x Flag-tagged
ZNF180 (Shanghai GeneChem Co., Ltd.) and psPAX1 and
pMD2.G packaging plasmids (3rd generation system) (ratio,
20 ug:15 ug:10 ug; total, 45 pug plasmid/10-cm dish) with
Lipofectamine® 3000 (cat. no. L3000015; Invitrogen; Thermo
Fisher Scientific, Inc.) at room temperature for 15 min.
Subsequently, this mixture was used to transfect 293T cells
at 37°C for 12 h and the medium was then changed. Lentiviruses
were harvested 48 h after transfection, and filtered through a
0.22-um filter (MilliporeSigma). Subsequently, the target cells
were transduced with lentiviruses (MOI=10) at 37°C for 12 h
and were then cultured in medium. After 3 days, the medium
was replaced with medium containing 2 mg/ml puromycin
(cat. no. T19978; TargetMol Chemicals, Inc.) for 7 days. After
11 days, the subsequent experiments were carried out.

Small interfering (si)RNA transfection. The negative control
siRNA (NC), METTLI14 si#1 and si#2 were purchased from
Guangzhou IGE Biotechnology Co., Ltd. The sequences
were as follows: NC, sense 5'-UUCUCCGAACGUGUC
ACGUTT-3', antisense 5'-ACGUGACACGUUCGGAGA
ATT-3'; METTLI14 si#1, sense 5'-GAACCUGAAAUUGGC
AAUAUATT-3, antisense 5-UAUAUUGCCAAUUUCAGG
UUCTT-3"; METTLI14 si#2, sense 5-GCUUACAAAUAG
CAACUACAATT-3, antisense 5'-UUGUAGUUGCUAUUU
GUAAGCTT-3" Transient transfections of CRC cells were
performed as described previously (25). Briefly, 60 pmol
siRNA in Opti-MEM (cat. no. 31985070; Gibco; Thermo
Fisher Scientific, Inc.) was mixed with Lipofectamine
RNAiIMAX Reagent (cat. no. 13778150; Invitrogen; Thermo
Fisher Scientific, Inc.) and incubated at room temperature for
5 min. Subsequently, the mixture was added to the cells and
incubated at 37°C for 12 h. A total of 4 days post-transfection,
the subsequent experiments were performed.

Western blotting. Pre-chilled RIPA lysis buffer (cat. no. PO039;
Beyotime Institute of Biotechnology) supplemented with
phosphatase inhibitors (cat. no. P1009; Beyotime Institute
of Biotechnology) was used for protein extraction. The
BCA protein assay kit (cat. no. P10012S; Beyotime Institute
of Biotechnology) was used for protein determination.
Subsequently, 20 ug proteins were loaded per lane, separated
by SDS-PAGE on 10% gels and were transferred to 0.45-um
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PVDF membranes (cat. no. FFP39; Beyotime Institute of
Biotechnology). The membranes were blocked using 5% non-fat
milk (cat. no. P0216; Beyotime Institute of Biotechnology)
diluted in TBS-1% Tween 20 (TBST) at room temperature for
1 h, and were then incubated with primary antibodies (1:1,000)
at 4°C overnight, followed by incubation with secondary
antibodies (1:5,000) at room temperature for 1 h. A chemilu-
minescence reagent (cat. no. MA0186; Dalian Meilun Biology
Technology Co., Ltd.) was used to visualize the proteins.
Standard western blotting procedures were performed as
described previously (26). The following antibodies were used
in the present study: Anti-ZNF180 (cat. no. bs-8485R; BIOSS),
anti-GAPDH (cat. no. 6004-1-Ig; Proteintech Group, Inc.),
anti-B-actin (cat. no. 66009-1-Ig; Proteintech Group, Inc.),
anti-METTL14 (cat. no. 26158-1-AP; Proteintech Group, Inc.),
anti-PARP (cat. no. 95428; Cell Signaling Technology, Inc.),
anti-cleaved-PARP (cat. no. 5625S; Cell Signaling Technology,
Inc.), and anti-mouse (cat. no. 7076; Cell Signaling Technology,
Inc.) and anti-rabbit (cat. no. 7074; Cell Signaling Technology,
Inc.) peroxidase-conjugated secondary antibodies.

RNA isolation and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was isolated from cultured cell lines
and tissues using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), and was reverse transcribed using a cDNA
Synthesis Kit (cat. no. R223-01; Vazyme Biotech Co., Ltd.),
performed according to the manufacturer's protocol. qPCR was
performed using a ChamQ Universal SYBR qPCR MasterMix
(cat. no. Q711-02; Vazyme Biotech Co., Ltd.) according to
manufacturer's protocol: 95°C for 30 sec; followed by 40 cycles
at 95°C for 3 sec and 60°C for 10 sec; and a final melt curve
stage. The relative expression levels of the target genes were
calculated as 2244 (27) (Cq of B-actin or GAPDH minus the
Cq of the target gene). The sequences of the qPCR primers
used for amplification were as follows: (-actin, forward
5'-CACCATTGGCAATGAGCGGTTC-3, reverse 5-AGG
TCTTTGCGGATGTCCACGT-3"; GAPDH, forward 5'-GTC
TCCTCTGACTTCAACAGCG-3; reverse, 5-ACCACCCTG
TTGCTGTAGCCAA-3'; ZNF180, forward 5" TGGAAGAGC
AGGATGAGAAGCC-3', reverse, 5'-GATGGTCAGAGACCC
AGTGTCT-3'; METTLI14, forward 5-CTGAAAGTGCCG
ACAGCATTGG-3, reverse 5-CTCTCCTTCATCCAGATA
CTTACG-3'.

Immunofluorescence (IF). A total of 2x10° cells were cultured
in a cell culture dish for 24 h, after which they were fixed onto
slides with 4% paraformaldehyde for 15 min at room tempera-
ture, and then washed in PBS three times (3 min/wash).
Subsequently, the cells were permeabilized with 1% Triton
X-100 for 20 min at room temperature, followed by blocking
with 10% goat serum (cat. no. 15256, Sigma-Aldrich; Merck
KGaA; diluted in TBST) for 1 h at room temperature. The cells
were then incubated with the following primary antibodies
[1:200; diluted in QuickBlock buffer (cat. no. P0256; Beyotime
Institute of Biotechnology)]: ZNF180 (cat. no. NBP1-92613;
Novus Biologicals, Inc.) METTL14 (cat. no. 26158-1-AP;
Proteintech Group, Inc.) and Ki67 (cat. no. CL594-27309;
Proteintech Group, Inc.) at 4°C overnight, and with fluores-
cent secondary antibodies [(1:1,000; diluted in dilution buffer
(cat. no. 1917953, Macklin, Inc.)] at room temperature for
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1 h. The following secondary antibodies were used: Goat
anti-Rabbit IgG (H+L) cross-adsorbed secondary antibody
with Alexa Fluor™ 594 (cat. no. A-11012; Thermo Fisher
Scientific, Inc.) and Alexa Fluor™ 488 (cat. no. A-11008;
Thermo Fisher Scientific, Inc.). The nuclei of the cells were
stained with DAPI and a fluorescence microscope (IX73;
Olympus Corporation) was used to visualize the cells.

Cell cycle analysis. After centrifugation at 1,000 x g for 5 min
at room temperature, the supernatant removed and 1 ml PBS
was added to the cells in an ice bath for resuspension. The
cells were then transferred to a 1.5-ml microcentrifuge tube,
centrifuged at 1,000 x g for 5 min at 4°C, the supernatant was
removed and the cells (in 50 ul) were washed twice with PBS,
and resuspended in PBS containing 50 pg/ml PI and 0.1 mg/ml
RNase A (cat. no. C1052; Beyotime Institute of Biotechnology).
After 30 min of incubation at 37°C in the dark, the cells were
measured by flow cytometry (CytoFLEX S; Beckman Coulter,
Inc.) and analyzed by software (CytExpert 2.4; Beckman
Coulter, Inc.).

Human tissue samples. The present study included patients
diagnosed with CRC between 2013 and 2020 at The Sixth
Affiliated Hospital, Sun Yat-sen University (SYSUG6;
Guangzhou, China); also known as the SYSUG6 cohort (n=244.
Patient data were extracted from pathology report records.
Only those patients with CRC who had complete clinical infor-
mation and underwent surgery were selected. The average age
of the patients recruited was ~56.7 years (range, 20-90 years),
41% of patients were women and 59% were men. To compare
the ZNF180 and METTLI14 levels among normal and tumor
tissues, 24 CRC patient tissue samples and 24 matched normal
tissues were obtained from the SYSUG6 cohort (among them,
12 paired tissues were used for qPCR, and 24 paired tissues
were used for western blot). In addition, ZNF180 levels were
measured in the remaining formalin-fixed paraffin-embedded
220 CRC tissue sections from the SYSU6 cohort by immuno-
histochemistry (IHC). A total of 40 CRC tissues (from these
220 formalin-fixed paraffin-embedded tissues) that had both
tumor cells and normal cells were used to detect the expres-
sion levels of ZNF180 and METTL14 by IHC.

IHC. Sections were fixed with 10% neutral buffered formalin
at room temperature for 20 h and hydrated in a descending
series of ethanol. All tissues were embedded in paraffin and
cut into 3-um sections. Antigen retrieval was performed
in 500 ml 0.01 M citrate buffer (pH=6.0; cat. no. 420901;
Biolegend, Inc.) in a microwave for 10 min. After rinsing under
cold tap water for 10 min, the sections were incubated for
10 min at room temperature with 10% serum blocking solution
(cat. no. ZLI-9056; OriGene Technologies, Inc.). Subsequently,
the sections were incubated with the following primary anti-
bodies: ZNF180 (cat. no. NBP1-92613; Novus Biologicals,
Inc.) and METTLI14 (cat. no. 26158-1-AP; Proteintech Group,
Inc.) in a 1:400 dilution in dilution buffer (cat. no. ZLI-9030;
OriGene Technologies, Inc.) at 4°C for 12 h. The sections
were then incubated for 10 min at room temperature with a
biotinylated secondary antibody (cat. no. PV-9000-1; OriGene
Technologies, Inc.) and for 10 min at room temperature with a
streptavidin-enzyme conjugate (cat. no. PV-9000-2; OriGene
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Technologies, Inc.), and for 2 min at room temperature with
a substrate-chromogen mixture (cat. no. PV-9000-3; OriGene
Technologies, Inc.). A light microscope (BX53; Olympus
Corporation) was used to visualize the cells. For each tissue,
a proportional score and an intensity score were determined.
The proportional score was classified as: 0, no staining; 1,
1-10% stained cells; 2, 11-50% stained cells; 3, 51-80% stained
cells; 4, 81-100% stained cells. The intensity score represents
the intensity of cytoplasmic and membranous staining of
positive cells, as follows: 0, no staining; 1, weak staining; 2,
moderate staining; 3, strong staining.

Hematoxylin and eosin staining. Sections were fixed with
10% neutral buffered formalin at room temperature for 20 h
and hydrated in a descending series of ethanol. All tissues
were embedded in paraffin and cut into 3-ym sections.
Sections were deparaffinized and rehydrated in xylene and
a descending series of ethanol. Subsequently, the sections
were incubated with hematoxylin stain (cat. no. C0105S-1;
Beyotime Institute of Biotechnology) for 3 min and 0.5%
eosin (cat. no. C0105S-2; Beyotime Institute of Biotechnology)
for 30 sec. The cells were mounted using Permount mounting
medium (cat. no. ZLI-9516; OriGene Technologies, Inc.) after
staining. A light microscope (BX53; Olympus Corporation)
was used to visualize the cells.

Ethical statement. The present study involving human
samples was approved by the Institutional Review Board of
SYSUG6 (approval no. 2021ZSLYEC-228), and complied with
The Declaration of Helsinki (World Medical Association
Declaration of Helsinki 2013). All patients provided written
informed consent to allow their electronic medical records to
be used for cancer research voluntarily during their first visit
to the hospital, and data were anonymized at the beginning
of statistical analyses to protect patients' privacy. All patients
provided consent for their tissues to be used in medical research

DNA methylation. HCT116 and RKO cells were treated with
10 and 20 uM 5-azacytidine (5-AzaC) (cat. no. S1782; Selleck
Chemicals) for ~48 h. 5-AzaC is a DNA methyltransferase,
which is commonly used for DNA methylation research. Cells
were harvested within 3 days of treatment with 5-AzaC, total
RNA was isolated for RT-qPCR and proteins were extracted
for western blotting.

5-Ethynyl-20-deoxyuridine (EdU) staining. The EAU solution
(cat. no. CO071S; Beyotime Institute of Biotechnology) was
proportionally diluted with complete cell medium to prepare
an appropriate amount of 2X EdU working solution with a
final concentration of 50 yM; briefly, 500 pl dilution buffer
and 500 gl EdU working solution (1:1) were added to a 6-well
plate, mixed evenly and incubated at 37°C for 6-7 h to achieve
a final concentration of 50 uM. For EdU staining, the medium
was removed from cells and they were washed in PBS three
times (5 min/wash), before being washed with PBS containing
3% BSA (cat. no. ST023; Beyotime Institute of Biotechnology)
at room temperature. The cells were then permeabilized
in PBS containing 0.5% Triton X-100 for 20 min at room
temperature, and, after washing them with 3% BSA solution,
the Click-iT EdU solution was added to the cells for 30 min at

room temperature; the nuclei were stained with Hoechst 33342
(cat. no. C0071S-6; Beyotime Institute of Biotechnology).
Subsequently, DNA synthesis was observed under a confocal
microscope.

Cell apoptosis detection. Apoptosis was assessed by Annexin
V and PI staining using the Annexin V apoptosis detection
kit (cat. no. C1062; Beyotime Institute of Biotechnology).
Briefly, HCT116 and RKO vector and ZNF180-overexpression
groups were treated with 5-fluorouracil (5-FU; 0, 10 or 20 ym;
cat. no. F6627; Sigma-Aldrich; Merck KGaA) diluted in
DMSO. All cells were collected after treatment with 5-FU
at 37°C for 2 days. Cells were washed twice with PBS and
resuspended in binding buffer (500 pl, 5x10° cells). Annexin V
(5 ul) and PI (5 pl) were then added to the cells and incubated
for 15 min at room temperature in the dark. The cells were
measured by flow cytometry (CytoFLEX S; Beckman Coulter,
Inc.) and analyzed using CytExpert 2.4 software (Beckman
Coulter, Inc.).

Chromatin immunoprecipitation (ChIP) assay. ChIP was
performed using the SimpleChIP® Enzymatic Chromatin IP
Kit (cat. no. 9003S; Cell Signal Technology, Inc.), according to
the manufacturer's protocol. First, DNA extracted from lysed
cells was digested into 10-1,000 bp fragments using a micro-
coccal nuclease. For ZNF180-overexpressing HCT116 cells, a
Flag antibody (cat. no. F1804; Sigma-Aldrich; Merck KGaA)
was used to pull down ZNF180 protein (overexpression plasmid
with 3x Flag-tagged ZNF180); normal rabbit IgG antibody
(cat. no. 2729; Cell Signaling Technology, Inc.) was used as a
negative control and Histone H3 rabbit monoclonal antibody
was used as a positive control (cat. no. 4620; Cell Signaling
Technology, Inc.). An anti-Flag antibody, and protein A and G
magnetic beads were then added to the lysate and immunopre-
cipitated over 12 h. The enriched chromatin was then eluted
for standard PCR followed by agarose gel electrophoresis
(cat. no. DYCP-31CN; Beijing Liuyi Biotechnology Co., Ltd.)
on a 1% agarose gel (cat. no. BSO81; Biosharp Life Sciences),
which was visualized using Gel-green (cat. no. D0143;
Beyotime Institute of Biotechnology). The specific primers
of METTLI14 used for ChIP-PCR were: sense: 5-GGCGCA
ACAGATCCCTTACT-3', antisense: 5'-CTCAGTAGAGAC
TTCCGGCG-3'. The standard PCR reaction program was
as follows: Initial denaturation at 95°C for 5 min; followed
by 34 cycles of denaturation at 95°C for 30 sec, annealing
at 62°C for 30 sec and extension at 72°C for 30 sec; and a final
extension step at 72°C for 5 min. In addition, RT-qPCR was
performed as aforementioned.

Cell proliferation assay. The colorimetric MTS assay
(cat. no. G3580; Promega Corporation) was performed to
determine cancer cell proliferation. Briefly, cells were seeded
into 96-well plates (1,000 cells/well) and were incubated
at 37°C for 6 days. Subsequently, a mixed solution of MTS and
phenazine ethosulfate (20:1 ratio) was added to each well and
incubated for a further 4 h. A microplate reader was then used
to determine the absorbance value at 490.

Animal experiments. To generate ZNF180-overexpressing
tumor xenografts, male BALB/c athymic nude mice



Bzl SPANDIDOS
7] .§, PUBLICATIONS

(GemPharmatech Co., Ltd.) (age, 4 weeks; weight,
12-14 g) were randomly divided into the vector and
ZNF180-overexpression groups (n=12 mice each). The mice
were housed under the following conditions: Temperature,
25°C; humidity, 60%; 12-h light/dark cycle; ad libitum access
to food and water that was changed three times every week).
HCT116 cells (2x10° cells/tumor in 100 u1 DMEM) were
injected subcutaneously into the right flanks of the nude
mice. For inoculation, the needle was inserted under the
skin (~1 cm deep) and was slid left and right several times,
so that the cells were seeded into clumps and to reduce an
overflow of cell suspension from the injection site. The tumor
diameter was measured every 2-4 days after tumor establish-
ment. The humane endpoint was that the tumor diameter of
the mice should not exceed 1.5 cm. A total of 11 days after
the injection of tumor cells, the mice were euthanized using
CO, followed by cervical dislocation; initially, CO, was
released at 30% chamber volume/min, but was increased to
50% chamber volume/min once the mice lost consciousness.
CO, flow was maintained for >60 sec following respiratory
arrest, followed by cervical dislocation to confirm the mice
were euthanized. All animal experiments were approved by
the Institutional Animal Care and Use Committee of SYSU6
(approval no. TACUC-2023101301).

Wound healing assay. HCT116 cells were seeded into 6-well
plate and cultured to 90% confluence. Subsequently, serum was
removed from the medium and the cells were cultured for 24 h
before wound generation, after which, a sterile 200-u1 pipette
tip was used to create an artificial wound in each 6-well plate
and the floating cells were removed by washing with PBS. The
corresponding images were captured at 0 and 24 h using an
inverted light microscope (IX73; Olympus Corporation).

Transwell assay. For the Transwell migration assay, 5x10* cells
in 200 pl serum-free DMEM were added to uncoated cell
culture inserts (pore size 8 ym; cat. no. 3428; Corning, Inc.)
in a 24-well plate. In addition, 800 ul complete medium
containing 10% FBS was added to the lower chamber of the
24-well plate. The cells were incubated at 37°C (5% CO, and
90% humidity) for 22 h, and then stained with 1% crystal
violet (cat. no. T1343L; TargetMol Chemicals, Inc.) at room
temperature for 4 h and examined under an inverted light
microscope (IX73; Olympus Corporation).

Luciferase assay. Briefly, 293T cells were seeded into
96-well plates at a density of 5,000 cells/well. The cells
were then co-transfected with a Renilla luciferase plasmid
(GemPharmatech Co., Ltd.), a firefly luciferase plasmid
containing METTL14 promoter (GemPharmatech Co., Ltd.),
and the aforementioned ZNF180 overexpression plasmid using
the Roche X-tremeGENE™ HP DNA (cat. no. 6366546001,
MilliporeSigma), according to the manufacturer's protocols,
with three replicates for each test. Plasmid luciferase activi-
ties were normalized against the Renilla luciferase activity
of the co-transfected internal control plasmid. Cells were
harvested 48 h post-transfection, and luciferase activities
were measured using the Dual-Luciferase Reporter Assay
System (cat. no. E1910; Promega Corporation). The METTL14
promoter sequence is listed in Table SI.
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Data source. The Cancer Genome Atlas (TCGA) RNA-seq
transcriptome data and clinical information were obtained
from TCGA database (https://portal.gdc.cancer.gov).
The GSE39582 (28) and GSE87211 datasets (29) were
retrieved from the Gene Expression Omnibus database
(http://www.ncbi.nlm.nih.gov/geo/). The raw data were
processed using the R packages GEOquery (https:/biocon-
ductor.org/packages/release/bioc/html/GEOquery.html) and
Stringr (https://cran.r-project.org/web/packages/stringr/index.
html). The mRNA expression levels of ZNF180 and METTL14
data in numerous CRC cell lines were obtained the DepMap
portal (https://depmap.org/portal/). The CpG islands of the
ZNF180 promoter were searched for using the UCSC Genome
Browser (http:/www.genome.ucsc.edu).

Risk signature construction and validation. Univariate
Cox regression and Kaplan-Meier (KM) analysis using the
survival R package (https://cran.r-project.org/web/pack-
ages/survival/index.html) were performed to identify genes
associated with patient overall survival (OS) time from
TCGA and GSE39582 datasets. Only when the P-values of
both analysis methods were <0.05 were the genes included in
the next step. The intersecting genes, identified by univariate
Cox regression and KM analysis from TCGA and GSE39582
datasets were then analyzed by least absolute shrinkage
and selection operator (LASSO) regression analysis using
the glmnet R package (https://cran.r-project.org/web/pack-
ages/glmnet/index.html) in TCGA database to narrow the
range of prognosis-related genes. Subsequently, the Akaike
information criterion (AIC) method of multivariate Cox
regression analysis was performed using the survival
package to establish an optimal risk signature based on
linear integration of the regression coefficient obtained from
the multivariate Cox regression analysis and the expression
level of the selected genes. The risk score was computed as

follows:
N

Riskscore = Z(Coefi * Expi)
i=1
where Expi is the expression value of the genes and Coefi
is the corresponding regression coefficient calculated by
multivariate Cox regression analysis. TCGA data were used
as the training cohort and GSE39582 data were used as the
validation cohort.

Statistical analysis. All in vitro experiments were repeated
three times. Statistical analysis was performed using SPSS
version 26 (IBM Corporation). Continuous variables are
presented as the mean and standard deviation (SD), whereas
categorical variables are presented as frequencies. The
significance between two different groups of continuous
variables was assessed using unpaired Student's t-test or
paired Student's t-test, whereas the significance between
the proportions of different groups was assessed using >
test. The significance among multiple groups was assessed
using one-way ANOVA for parametric data and the Scheffe
post hoc test. KM analysis with log-rank test was used to
compare the survival rates of each group. Multivariate
analysis was conducted for the variables that were signifi-
cantly associated with disease-free survival (DFS) in the
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Figure 1. Identifying prognostic genes for developing a risk model. (A) Intersecting genes associated with colorectal cancer prognosis in TCGA and GSE39582
databases. (B) LASSO coefficient profiles of the 113 genes in TCGA data set. (C) Selection of the optimal parameter (A) in the LASSO model. KM curves of
the prognostic signature in (D) TCGA and (E) GSE39582 cohorts (analyzed using log-rank test). (F) Differential expression of the 15 genes in TCGA between
different groups. "P<0.05, ““P<0.001, ““"P<0.0001. (G) Distribution of risk score, survival duration and status of patients, and a heatmap of the 15 genes in
the classifier. (H) A total of 15 genes were chosen for establishing a prognosis signature. The red circle indicates the target gene ZNF180. "P<0.05, “P<0.01,
“"P<0.001. TCGA, The Cancer Genome Atlas; LASSO, least absolute shrinkage and selection operator; KM, Kaplan-Meier.

univariate Cox regression model, using the Cox propor-
tional hazards regression model. Hazard ratios (HRs) and
95% confidence intervals were provided for the multivariate
analysis. The correlation between two groups was evaluated
using Pearson's correlation analysis (two-tailed). Unless
specifically stated, all statistical tests were two-sided, and
P<0.05 was considered to indicate a statistically significant
difference.

Results

A total of 15 prognosis-related genes were identified to
develop a risk model. To construct a risk model, all genes
from TCGA and GSE39582 datasets were extracted and
used to generate a prognostic gene signature. These genes
were then subjected to univariate Cox regression and KM
analyses. In TCGA and GSE39582 datasets, 113 genes are

significantly associated with prognosis in patients with CRC
(Fig. 1A). These overlapping genes were then used for the
LASSO regression analysis to avoid overfitting problems
in the risk signature. The AIC method of the multivariate
Cox regression analysis was applied to the genes returned
from the LASSO regression analysis to construct the optimal
model, which included 15 genes (GSTM1,PCDHB2, DAPKI1,
TTCI12, EXOC3L4, CCL22, TERF2IP, TLE6, NUMBL,
ZNF180, LINCO00261, ERFE, CDCA2, LINC00638 and
GPRASPI1) (Fig. 1B and C). Among these genes, TTCI12,
CCL22, ZNF180, LINC00261 and CDCA?2 were revealed
to be protective factors with HRs <1, whereas GSTMI,
PCDHB2, DAPK1, EXOC3L4, TERF2IP, TLE6, NUMBL,
ERFE, LINC00638 and GPRASP1 were considered risk
factors with HRs >1 (Fig. 1H). TCGA dataset was used as
a training cohort to construct the risk signature. Samples in
TCGA and GSE39582 cohorts were stratified into low- and
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high-risk groups based on the median risk score in each
cohort. The KM analysis showed that patients in the low-risk
group were associated with better outcomes than those in
the high-risk group (Fig. 1D and E). All 15 genes exhibited
significant differences in gene expression between the low-
and high-risk groups (Fig. 1F); 10 genes were upregulated in
the high-risk group and five genes were upregulated in the
low-risk group. In addition, most of them exhibited differen-
tial expression between tumor and adjacent normal tissues in
TCGA dataset (Fig. S1A). The OS-related prediction model
distribution of patients in TCGA and GSE39582 datasets is
shown in Fig. 1G.

ZNF180 is dysregulated in CRC cell lines and tissues.
Among the 15 genes identified, only ZNF180 encoded a
transcription factor. Transcription factors are potential
regulatory genes and mediators of tumor progression (30,31).
Notably, the function and mechanisms of ZNF180 in CRC
are poorly understood; therefore, ZNF180 was selected
for further functional and downstream target exploration,
aiming to elucidate its clinical characteristics and prognostic
value in CRC. To investigate the role of ZNF180 in CRC
progression, its expression was assessed in CRC cells and
tissues. The results revealed that the mRNA expression levels
of ZNF180 were decreased in most CRC cell lines compared
with those in HIEC-6 immortalized intestinal epithelial cells
(Fig. 2A). In addition, ZNF180 mRNA and protein expres-
sion levels were detected in CRC patient tissue samples and
matched normal tissues by RT-qPCR and western blotting.
The relative expression levels of ZNF180 were significantly
lower in 12 CRC tissues than those in 12 normal tissues from
the SYSU6 cohort (Figs. 2C-E and S1F); these results were
consistent with those recorded from TCGA and GSE39582
datasets (Fig. S1B). The mRNA expression levels of ZNF180
in numerous CRC cell lines were obtained from the DepMap
portal (Fig. S3A).

Based on these findings, it was hypothesized that
ZNF180 may serve a crucial role in CRC tumorigenesis. The
clinical implications of ZNF180 expression were further
evaluated using THC staining in 220 CRC samples from
the SYSUG6 cohort (Fig. 2F). Based on the ROC curve, the
optimal cut-off of ZNF180 expression was identified and
patients were divided into low- and high ZNF180 expres-
sion groups. The KM analysis showed that patients with
high ZNF180 expression had a longer OS and DFS than
those with low ZNF180 expression in the SYSU6 cohort
(Figs. 2H and S1C); this was also observed in TCGA and
GSE39582 datasets (Fig. S1D). ZNF180 expression was
slightly associated with the risk score in both TCGA and
GSE39582 datasets (Fig. SIE). Notably, there was a high
proportion of high ZNF180 expression in normal tissues
(Fig. 2G). The associations between ZNF180 expression and
clinicopathological characteristics of 220 patients with CRC
in the SYSUG6 cohort are presented in Table I. Low levels
of ZNF180 in primary tumors were significantly associated
with advanced T, N, M and clinical stages, and a high risk of
mortality and disease progression. Collectively, these results
indicated a strong association between ZNF180 expression
and patient survival outcomes, suggesting a critical role of
ZNF180 in CRC pathogenesis.
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ZNF180 is downregulated and regulated by methylation
in CRC. Aberrant DNA methylation is one of the most
common defects in epigenetic regulation observed in
tumorigenesis (12,32), and DNA methylation can decrease
gene expression. As aforementioned, ZNF180 expression
was significantly decreased in tumor tissues compared with
in adjacent normal tissues (Fig. 2C and D); therefore, the
present study investigated whether the downregulation of
ZNF180 expression was regulated by methylation in CRC.
The CpG islands in the ZNF180 promoter region are shown
in Fig. 3A. Initially, CRC cells were treated with 5-AzaC,
a DNMT inhibitor. The results revealed that treatment with
5-AzaC significantly increased the mRNA and protein
expression levels of ZNF180 in CRC cells (Fig. 3B and C). In
addition, ZNF180 methylation was slightly associated with
ZNF180 mRNA expression in TCGA dataset (Fig. 3D). The
KM analysis showed that patients with low ZNF180 meth-
ylation levels had a longer OS than those with high ZNF180
methylation levels in TCGA dataset (Fig. 3E). Moreover, the
expression of ZNF180 was also associated with genomic
alteration (Fig. 3F). In summary, it may be hypothesized
that the expression of ZNF180 is regulated by methylation
and genomic alteration. To examine the role of ZNF180 in
CRC progression, ZNF180-overexpressing HCT116 and
RKO stable cell lines were established. ZNF180 mRNA
and protein expression levels were verified by RT-qPCR and
western blotting, respectively (Fig. 3G and H). The effect
of ZNF180 overexpression on HCT15 cells was poor at the
protein level, and since the function of genes mainly depends
on protein levels, the two other cell lines (HCT116 and
RKO) that exhibited overexpression at the protein level were
selected for the subsequent functional study.

ZNF180 overexpression inhibits CRC cell proliferation
and induces apoptosis. To examine the effect of ZNF180
on apoptosis, flow cytometry and western blotting were
performed. Annexin V and PI staining indicated that 5-FU
induced more apoptosis in the ZNF180-overexpressing
HCT116 and RKO cells than in the vector-transduced cells in
a dose-dependent manner (Fig. 4A and B). This indicated that
the ZNF180-overexpressing cell line was more sensitive to
5-FU than the control cell line. Moreover, the expression levels
of cleaved-PARP were increased in ZNF180-overexpressing
cells upon treatment with 5-FU, whereas the expression levels
of PARP were lower, compared with those in the vector-trans-
duced cells (Fig. 4C). These data suggested that ZNF180 may
confer sensitivity to 5-FU. EdU staining was also performed
to assess the effects of ZNF180 on proliferation. The results
showed that ZNF180-overexpressing cells exhibited less EAU
staining than vector-transduced cells (Fig. S2C and D). The
results of IF staining showed that Ki67 expression was also
decreased in ZNF180-overexpressing cells (Fig. S2E-G).
Subsequently, an animal xenograft model was prepared
by subcutaneously injecting cells with stable overexpression
of ZNF180 and vector-transduced cells into nude mice. The
ZNF180-overexpressing group presented decreased tumor
growth compared with the vector group (Fig. 4E). Images of the
isolated tumors are shown in Fig. 4D. Additionally, when 2x10°
cells were injected into nude mice, 75% of the mice (9/12) formed
palpable tumors in the HCT116 vector group compared with
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Figure 2. ZNF180 expression is frequently downregulated in CRC tissues and
HIEC-6 immortalized intestinal epithelial cells. (B) Protein expression levels o
cells. (C) mRNA expression levels of ZNF180 in 12 paired CRC tissues and a
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cell lines. (A) mRNA expression levels of ZNF180 in CRC cell lines and
f ZNF180 in CRC cell lines and HIEC-6 immortalized intestinal epithelial
djacent normal tissues from the SYSU6 cohort were confirmed by reverse

transcription-quantitative PCR. *"P<0.01. (D) Relative expression of ZNF180 in tumors was compared with the relative expression of ZNF180 in adjacent
normal tissues. (E) Protein expression levels of ZNF180 in 12 paired CRC tissues and adjacent normal tissues from the SYSU6 cohort were confirmed by
western blotting. (F) Levels of ZNF180 protein expression in CRC tissues were detected under high magnification microscopy. (G) Low ZNF180 expression

rate was higher in CRC tissues; tissues from 40 patients in the SYSU6 cohort wi

th both normal and tumor cells were assessed. (H) OS rate of patients in the

SYSUG6 cohort (n=220) was significantly higher in the high ZNF180 expression group. CRC, colorectal cancer; N, normal; OS, overall survival; SYSU6, The
Sixth Affiliated Hospital of Sun Yat-sen University; T, tumor; ZNF180, zinc finger protein 180.

50% of the mice (6/12) in the HCT116 ZNF180-overexpressing
group on day 5 (Fig. 4F). There was no difference in the
body weight of mice between the ZNF180-overexpressing
group and vector group (Fig. 4G). In addition, the expression
of ZNF180 and METTLI14 were assessed using IHC staining
in tumor tissues obtained from the mice (Fig. 4H). In the
ZNF180-overexpression group, higher expression of ZNF180
and METTLI14 was detected in mouse tumor tissues.

To investigate the possible mechanism underlying the
inhibitory effects of ZNF180 on cell proliferation, the cell
cycle progression of ZNF180-overexpressing and vector-trans-
duced cells was assessed. The results showed that ZNF180 did
not exert an effect on cell cycle progression (Fig. S2H). To
investigate the biological function of ZNF180 in CRC, wound
healing and Transwell assays were carried out. The experi-
ments demonstrated that ZNF180 did not have an effect on
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Table 1. Association of ZNF180 expression and clinical char-
acteristics in 220 patients with colorectal cancer form The
Sixth Affiliated Hospital of Sun Yat-sen University cohort.

ZNF180
expression
Characteristic No. Low High P-value
Sex 0.401
Male 130 54 76
Female 90 32 58
Age 0.052
<60 years 128 43 85
>60 years 92 43 49
oS 0.0001*
No 172 56 116
Yes 48 30 18
DFS 0.012*
No 150 50 100
Yes 70 36 34
Location 0.624
Right 51 18 33
Left 169 68 101
T stage 0.003*
I-II 61 14 47
I-1v 159 72 87
N stage 0.005*
N, 144 45 99
N, x 76 41 35
M stage 0.001*
M, 190 66 124
M, 30 20 10
Clinical stage 0.0001*
I-1I 135 40 95
I-1v 85 46 39

P<0.05. DFS, disease-free survival; OS, overall survival; ZNF180,
zinc finger protein 180.

migration and invasion (Fig. S2I and J). These results revealed
the critical role of ZNF180 in inhibiting cell proliferation and
inducing apoptosis.

METTLI4 is a candidate downstream molecule in ZNF180
signaling. Transcription factors can finely regulate the
expression of downstream genes at specific developmental
stages by directly binding gene promoters and enhancers,
or changing chromatin structure (33,34). Currently, the
function of ZNF180 in CRC, particularly in the regulation
of downstream genes, is poorly characterized. To identify
the potential target genes of ZNF180 in CRC, 478 genes that
were significantly co-expressed with ZNF180 were selected
by overlapping three different cohorts, namely TCGA,
GSE39582 and GSE87211 (Fig. 5A and B). In the correlation
analysis, the correlation coefficient between METTL14
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and ZNF180 was ranked in the top 10. Moreover, previous
literature has reported that METTLI14 is a tumor suppressor
gene (18-20), and that METTLI14 expression in primary CRC
may be an independent favorable prognostic factor for OS in
patients (35).

Based on the aforementioned analysis, METTL14 may be
considered a candidate target for the ZNF180 gene. Considering
that ZNF180 was regulated by methylation in CRC, the present
study mainly focused on the candidate genes relevant to DNA
methylation. According to previous literature, METTLI14 is
a well-established mSA writer protein and m°A methylation
can be catalyzed by METTLI14 (16). To examine the role of
METTLI14 in CRC progression, its expression was assessed
in CRC cells and tissues. It was observed that the mRNA and
protein expression levels of METTL14 were decreased in most
CRC cell lines compared with those in HIEC-6 immortal-
ized intestinal epithelial cells (Figs. 5C and D). The mRNA
expression levels of METTL14 in numerous CRC cell lines
were obtained from DepMap portal (Fig. S3B). In addition,
the mRNA and protein expression levels of METTLI14 were
detected in 12 CRC tissue samples and matched normal tissues
by RT-gPCR and western blotting (Figs. 5SE and F, and S1G).
The relative expression levels of METTLI14 were signifi-
cantly lower in CRC tissues than in normal colorectal tissues
in the SYSU6, TCGA, GSE39582 and GSE87211 cohorts
(Figs. 5G and S2A). These findings indicated that ZNF180
expression was closely associated with the candidate gene
METTLI14 expression.

METTLI4 is positively correlated with ZNFI180 expression in
CRC cell lines and tissues. To examine the role of METLL14
in CRC progression, its expression was assessed in CRC cells
and tissues. The mRNA and protein expression levels of
METTLI14 were detected in 12 CRC tissue samples and 12
non-cancerous colorectal tissues by RT-qPCR in the SYSU6
cohort (Figs. 5G and 6A). The relative expression levels of
METTLI14 were significantly lower in CRC tissues than in
normal colorectal tissues in the SYSU6 cohort (Fig. 5G);
ZNF180 expression was positively correlated with METTL14
expression in CRC cell lines, and tissues in the SYSU6, TCGA
and GEO cohorts (Fig. 6A-E). The KM analysis showed that
patients with high METTL14 expression had better outcomes
than those with low METTL14 expression in TCGA dataset
(Fig. 6F). The result was consistent with previously reported
data (36). The clinical implications of METTL14 expres-
sion were further assessed using IHC staining of 40 pairs of
CRC samples. The relative protein levels of METTLI14 were
markedly decreased in CRC tissues compared with in normal
colorectal tissues by THC staining (Fig. 6G); there was a high
proportion of high METTLI14 expression in normal tissues,
and a high proportion for high METTLI14 expression in high
ZNF180-expressing tissues (Fig. 6H). Collectively, these
results indicated a positive correlation between METTL14 and
ZNF180 expression levels.

ZNF180 directly binds to and promotes METTLI4 in
CRC. The increase in METTLI14 expression at the mRNA
and protein levels after the overexpression of ZNF180 was
validated by RT-qPCR and western blotting, respectively
(Fig. 7A and C). The IF assay showed that ZNF180 and
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Figure 3. ZNF180 is downregulated and its promoter hypermethylated in colorectal cancer. (A) Schematic representation of the CpG islands and bisulfite
sequencing region in the ZNF180 promoter. HCT116 and RKO cells were subjected to 3 days of treatment with increasing doses of 5-AzaC; blue: CpG island
of ZNF180 promoter; Input Sequence: Promoter region of ZNF180. (B) Protein expression levels were determined by western blotting. (C) mRNA expres-
sion levels were determined by RT-qPCR, respectively. The untreated group was used as the control group, and the relative expression levels of each group
were divided by the relative expression levels of the control group. P-values were calculated using one-way ANOVA and Scheffe test, "P<0.05, *“P<0.001.
(D) Correlation between ZNF180 mRNA expression level and ZNF180 methylation level in TCGA data set. (E) Overall survival rate was significantly
higher in the low ZNF180 methylation group in TCGA dataset. (F) ZNF180 mRNA expression in patients with different DNA statuses in TCGA dataset.
P-values were calculated using one-way ANOVA and Scheffe test, ““P<0.001. Relative (G) mRNA and (H) protein expression levels were determined by
RT-gPCR and immunoblotting, respectively. P-values were calculated using unpaired Student's t-test, ““P<0.001. 5-AzaC, 5-azacytidine; RT-qPCR, reverse
transcription-quantitative PCR; TCGA, The Cancer Genome Atlas; ZNF180, zinc finger protein 180.

METTLI14 were mainly located in the nucleus, and that the
overexpression of ZNF180 increased METTL14 expression
(Figs. 7B and S2K). Since ZNF180 is a transcription factor,
it was hypothesized that the METTL14 promoter could be
regulated by ZNF180. For the mechanistic analysis, a ChIP
assay was performed. ZNF180 was detected in cell lines
stably overexpressing ZNF180 by blotting using a specific
anti-Flag antibody. Using the ChIP assay, DNA was digested
into 100-750 bp fragments (Fig. 7D), and the ZNF180 protein
was successfully pulled down with an anti-Flag antibody.
A METTLI14 DNA element was detected in the anti-Flag
group (Fig. 7E). Based on the METTL14 promoter regions

(Table SI), specific primers were designed for standard
PCR assay, and the METTL14 levels were also detected by
RT-qPCR and normalized to those of IgG (Fig. 7F), thus
indicating that METTL14 may be a downstream target
gene of ZNF180. To verify whether ZNF180 can bind to the
METTLI14 promoter, the METTL14 promoter (2,030 bp)
was cloned into a luciferase plasmid. The luciferase assay
results showed that the transcriptional activity was increased
in the METTL14 promoter plasmid group compared with
the vector group (Fig. 7G). This finding showed that the
region of the METTL14 promoter was transcriptionally
activated by ZNF180. Furthermore, METTL14 was knocked



2| SPANDIDOS

PUBLICATIONS

ONCOLOGY REPORTS 52: 125, 2024 11

A HCT116 RKO
0 um 10 um 20 pm Oum 10 pm 20 pm
4 o, HCT116-VECTOR-O:All events o HCT116-VECTOR-1:All events o _HCT116-VECTOR-2:All events o RKO-VECTOR-O: All events «©_ _ RKO-VECTOR-1: All events © RKO-VECTOR-2: All events
— J01-UL(4.98%) QI-UR(T 87%)| TI0ULETI%) O1-URQ1.78%) - JO1ULENS Q1-UR(40.70%) ~301.ULaTIN 01-UR(9.27%)) 2 01.UL(3.15%) 01-UR(17.22%)|  J01.UL(5.35%) 01-UR(40.56%)
_ % : =y | 2 » %
O « 1< <
o &% £ i §v
oL | : . .
2 2 % R = B
< i 11.03% 27.93% 11.96% g
2 2 m-L&éi-w'ﬂ O1Ra 6% 5 Lorigesn| 2 Joruwsours armenn| 2 orie i ougoom| 2 Joriaion ounoom| 2o o1LRG38%
o ot 0t 10 107 100 10° 107 10t 10 FITC_kOE 100 g0t 00 of 100 10t 107 10° 107 10t qo° | 0f 107
(o] < HCT116-ZNF180-0: All events w© _HCT116-ZNF180-1:All events o _HCT116-ZNF180-2: Al events nKo.ZNng(I;%;AAu events o RKO-ZNF:Q;)-?:AH events © RKO.ZNFFIT%:QA.. events
é o  JoruLsn Q-URAN%)|  JoruGI9% OLURQLIEN)| T~ 3Q1-ULIATH OT-UR@ES4%| = Tar.uLes0% Q1-URE3I%|  +Fo1-uL@93%) 01-URE080%)|  — JorULETI% O1-UR(45.48%)
o 2 = = g % 24
[T
Z5® ® 5% <% <p el
N & j & ; g g i
® % 2] % % 5]
5099%| | 7 151%]| ? s 50.45%
23011 orirassm|  Sdorulg SLLRUIIN 2oruarsm onmsn| 24 O1-LR3.18%) 01-LR(.90%)| Ne‘m-m.nz'sl%) O1-LR4.97%)
4 5 6 7 4 S 6 7 4 5 6 7 i3 5 6 4 7Y 6 et o 05 6
10 10° oo 10 10 10° oo 10 10f 100 oo 10 10 0o 0 10 10010 10 10° Lo, i
FITC fluorescence
60 HCT116 " RKO
60 o Vector % 5FU — + ++— + ++ - + ++—- + ++
= ® Vector — ~ —
R &
_ % |=zNFig0 & | =2nF1s0 PARP[@ = =  [[w= = |
2 2 40- . > 240
=8 L. =8 ‘
°
2 0 e o Cleaved-PARP| . =+ &= e -
cC .= c .2
= - =20+
< ] 20 < 820
S ﬂ ﬁ s rg] n GAPDH|-...| |......|
- T T 0= T T Vector ZNF180  Vector ZNF180
0 pm 10 pm 20 um 0 pm 10 pm 20 um T T —
M M a # K 3 HCT116 RKO
HCT116
*
-e- Vector
-+ ZNF180
PR E X N K I R §100_
0 T T T 1
0 3 6 9 12
Days

Tumor seeding

- HCT116
Day HC116 cell lines 24, Vector
Vector ZNF180 22da ZNF180 Vector
Day1 0/2 012 2 20-
£
Day3 312 212 2 1g- -
Days5 912  e12 > 4 ZNF180
Day8 12/12 12/12 i
14 T T T T T T 1 T T 1 PR A 2% %y x
Day 11 12/12 12/12 0123456782910 ZNF180 METTL14 H&E

Days
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down using siRNA and validated by western blot (Fig. 7H);
the proliferation assay results showed that knockdown of

METTLI14 promoted tumor cell proliferation (Fig. 7I), and
knockdown of METTLI14 could reverse the inhibition of cell
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proliferation by ZNF180 (Fig. SIH). To demonstrate whether
METTLI14 can rescue the effect of ZNF180 by increasing
apoptosis, cell lines with stable overexpression of ZNF180
and METTL14 knockdown were constructed using siRNA
in ZNF180-overexpressing HCT116 cell lines. Following
treatment with 5-FU, flow cytometry was performed to

determine the effects of METTLI14 on cancer cell apoptosis
(Fig. 7J and K); the results revealed that knockdown of
METTLI14 could rescue the effects of ZNF180 on apoptosis.
These results indicated that ZNF180 directly binds to the
METTLI14 DNA element and activates the transcriptional
activity of the METTL14 gene (Fig. 8).
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and bioinformatics can uncover differentially expressed
and survival-associated genes with potential prognostic and
treatment-related properties. Therefore, investigating the

Discussion

CRC is a disorder caused by the progressive accumulation

of genetic and epigenetic alterations that may promote
dysplasia and tumorigenesis (37,38). The popularity of
next-generation sequencing has facilitated the production
of large amounts of data for the construction of multi-gene
profiles, which can help stratify risk and guide chemotherapy
for various types of cancer (39-41). Artificial intelligence

dysregulated genes involved in carcinogenesis and disease
development may improve the prognosis and treatment of
patients with CRC.

Gene expression is regulated by a combination of numerous
cis-regulatory elements, including core promoters and
promoter-proximal elements, as well as various cis-regulatory
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modules located distant from the transcription start sites, such
as enhancers (42,43), silencers (44-46), insulators (47) and teth-
ering elements (48,49). Among these elements, enhancers and
their associated transcription factors serve a leading role in the
initiation of gene expression. The identification of enhancer and
promoter positions has been the focus of several studies (50,51).

The present study performed transcriptome analysis
and obtained relevant clinicopathological data from
606 and 505 patients with CRC from TCGA and GSE39582
cohorts, respectively. A novel prognostic model was gener-
ated based on a gene expression signature classifier to predict
the OS of patients with CRC. LASSO regression analysis
was used to construct the optimal model, which included
15 genes (GSTM1, PCDHB2, DAPK1, TTC12, EXOC3L4,
CCL22, TERF2IP, TLE6, NUMBL, ZNF180, LINC00261,
ERFE, CDCA2, LINC00638 and GPRASP1), and developed
a prognostic model that stratified patients into low- and
high-risk groups. This model was validated in TCGA and
GSE39582 cohorts. Transcription factors are potential
regulatory genes and mediators of tumor progression, and
the functions and mechanisms of ZNF180 in CRC are
poorly understood. Thus, ZNF180 was selected for further
functional and downstream target exploration, aiming to
elucidate its clinical characteristics and prognostic value in
CRC.

The present study first demonstrated that the expression of
ZNF180 was regulated by methylation. Moreover, it was deter-
mined that ZNF180 was a prognostic protective factor for CRC
based on gene expression data. To examine the role of ZNF180

in CRC progression, ZNF180-overexpressing HCT116 and
RKO stable cell lines were established. The functional assays
revealed that elevated ZNF180 expression suppressed cell
proliferation, induced a higher rate of apoptosis, and enhanced
cell chemotherapeutic sensitivity by treatment with 5-FU
compared with a vector. Taken together, these data revealed
the critical role of ZNF180 in inhibiting proliferation and
inducing apoptosis.

ZNF180 is a member of the ZNF family of transcription
factors (52). Transcription factors serve vital roles in regu-
lating tumorigenesis, and individual transcription factors
may have different or even opposite functions among various
cancer types (36,53). Thus, a suitable tool was necessary to
elucidate the role of ZNF180 in the tumorigenesis of CRC.
Based on the ChIP assay and clinical correlation analysis, the
present study identified METTL14, which is a major RNA
N6-adenosine methyltransferase, as a candidate downstream
target of ZNF180.

Subsequently, the present study focused on
METTLI14 for further analysis, and it was revealed to
be located in the nucleoplasm. Its principal function is
to enable mRNA binding activity, and it contributes to
mRNA (2'-O-methyladenosine-N6-)-methyltransferase
activity (54,55). It is also involved in the mRNA metabolic
process, and regulation of hematopoietic progenitor cell
differentiation and positive regulation of translation (19,56).
To identify the potential target genes of ZNF180 in CRC, 478
genes significantly co-expressed with ZNF180 were selected
by overlapping three different cohorts. In the correlation
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analysis, the correlation coefficient between METTL14 and
ZNF180 was ranked in the top 10. By conducting a series of
experiments, a positive correlation was identified between
ZNF180 and METTLI14 expression at the mRNA and protein
levels, and ZNF180 overexpression was shown to increase
METTLI14 expression in CRC cell lines. Further investigation
suggested that METTLI14 was a potential downstream target
gene of ZNF180 in CRC and may be a prognostic protective
factor in CRC. Previous research has shown that METTL14
expression in primary CRC may be an independent favor-
able prognostic factor for OS in patients (35). Moreover, the
evidence showed that METTL14 suppresses proliferation
in CRC. This finding is consistent with the data obtained
for ZNF180 signaling in the present study. METTLI14 is
a key protein in the m°A pathway, and its role in CRC has
been reported by Chen et al (18); METTL14 has been shown
to inhibit CRC cell migration, invasion and metastasis,
and to epigenetically inhibit the expression of SOX4 via an
mC®A-Y THDF2-dependent mechanism in CRC. METTLI14 has
also been demonstrated to participate in promoting cardiovas-
cular endothelial cell proliferation and invasion (17).

To the best of our knowledge, the present study is the
first to evaluate the critical roles of ZNF180 in inhibiting
CRC proliferation and inducing apoptosis. The results
demonstrated that ZNF180 may have a crucial role in CRC
tumorigenesis, and that ZNF180 is regulated by methylation.
In addition, ZNF180 and METTL14 genes were identified
as prognostic protective factors in CRC. Moreover, a close
relationship between ZNF180 and METTL14 expression
was revealed in cell lines, tissues and different cohorts.
The present findings confirmed that ZNF180 is a tumor
suppressor gene that may directly bind to the upstream
region of METTLI14 and activate its expression in CRC
cells.

In summary, the findings of the present study reveal a
fundamental relationship between ZNF180 and METTL14.
ZNF180 was shown to be downregulated by methylation, and
to upregulate METTLI14 by binding directly to METTL14
DNA elements, thereby inhibiting cell proliferation and
inducing apoptosis. The present results suggested that ZNF180
directly interacts with and activates METTLI14 transcrip-
tional activity and positively regulates its expression. The
ZNF180/METTLI14 axis may be a prognostic biomarker and
effective therapeutic target for CRC.
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