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Abstract

Colorectal cancer (CRC) is one of the most common malignant tumors globally, with metastasis emerging as
the leading cause of mortality in CRC patients. Transcription factors play pivotal roles in the metastatic
process. Using bioinformatics tools, we analyzed the TCGA-COAD and GES146587 datasets and identified
ZNF248 participating in tumor progression. By analyzing 100 CRC patient tissues, it is found that ZNF248 is
highly expressed in cancer tissue as well as in CRC cell lines identified by qRT-PCR. Our study discovered that
ZNF248 enhances CRC cell migratory and invasive capabilities. A positive correlation was found between
ZNF248 and epithelial-mesenchymal transition (EMT)-related markers (ZEBI, snaill), while E-cadherin
exhibited a negative correlation with ZNF248. In addition, the analysis of the TCGA dataset demonstrated a
strong correlation between the mRNA level of ZNF248 and ZEB| expressions. Furthermore, it is found that
the overexpression of ZEB1 could reverse CRC cell invasion and migration, along with the inhibition on EMT
marker expressions induced by the RNA interference with ZNF248. Inmunohistochemical analysis indicated a
substantial association of ZNF248 expression with the lymph node metastasis, and with the liver metastasis (P
=0.01, P =0.01), and a positive correlation between ZNF248 and ZEBI| expression (P =0.021) was also
identified. Using Chip-PCR assay, it is found that ZNF248 bound to the ZEB1 promoter region. These findings
showed that ZNF248 promotes CRC metastasis in vivo, revealed its role as an oncogene in CRC by targeting
ZEB1 and activating the EMT pathway, which provided novel and promising biomarkers for CRC therapy
through targeting ZEBI.
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Introduction

Colorectal cancer (CRC) ranks the third cancer
and is one of the leading deaths caused by cancers
worldwide [1]. Metastasis is the primary cause of the
mortalities of CRC patients [2]. Tumoral malignancy,
including epithelial-mesenchymal transition (EMT)
and drug resistance, is crucial in driving tumor
metastasis [3]. EMT is a process of malignant
epithelial cells, in which malignant epithelial cells lose
their epithelial characteristics and acquire a
mesenchymal phenotype. This transformation is
accompanied by the changes of epithelial and
mesenchymal-related proteins, such as E-cadherin,
beta-catenin, Vimentin, N-cadherin, and Fibronectin
[4]. EMT promotes CRC cell invasion, migration, and

drug resistance, and also alters varieties of signaling
pathways.

The transcription factor, ZEB1, plays an
important role in the genesis and development of
several malignant tumors [5-7]. Recent reports
showed that ZEB1 can recruit histone deacetylases,
DNA methyltransferases, and ubiquitin ligases to
reduce E-cadherin expression [8]. Therefore, ZEB1 is
considered a critical factor functioning in the EMT
process.

ZNF248 is located on the human chromosome
10p11.12 and is a member of the C2H2 Zinc finger
protein family. This family is characterized by
CX2CX3FX5LX2HX3H, which indicates a zinc finger
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structure containing zinc, cysteine, and histidine
residues. This motif consists of two P sheets and a
spiral structure [9], which suggests C2H2 is vital for
DNA transcription and protein synthesis [10-12].

This study was to identify the effects of ZNF248
on the expression of ZEB1. First, we found a positive
association between ZNF248 and the poor survival of
CRC patients in the TCGA dataset and GES146587
dataset. Second, Correlation Analysis using GEPIA
demonstrated a positive correlation between ZEB1
and ZNF248 in COAD and READ tumors. Finally, we
found that ZNF248 may function as a transcription
factor to regulate ZEB1 expression through the
Cistrome Data Browser. There is no prior research on
ZNF248 and its role in CRC. In this study, we assessed
ZNF248 and ZEB1 expressions, and Chromatin
Immunoprecipitation (ChIP) experiments were
employed to confirm that ZNF248 is a transcription
factor binding to ZEB1 promoter. Moreover, through
in vivo and in vitro experiments, we found that
ZNF248 promoted the EMT-related CRC malignancy.
In conclusion, ZNF248 may be an effective therapeutic
target for the inhibition of CRC metastasis.

Materials and methods

Network database analysis

The gene expressions in both cancer and normal
tissue within the GSE146587 dataset through GEO
database (https:/ /www.ncbinlm.nih.gov/geo/).
GEPIA was employed to estimate survival differences
using data from the TCGA and GEPIA databases [13].
Finally, the samples were categorized into low and
high-expression groups based on the median level of
ZNF248  expression using TCGA  (http://
cancergenome.nih.gov)  database. = GSEA  was
performed for pathway enrichment analysis.

Tissue samples and cell lines

This study was approved from the academic
review board of the Second Hospital of DaLian
Medical University. One hundred fresh pairs of CRC
cells and adjacent tissues were obtained from the
Second Hospital of DaLian Medical University. All
specimens were pathologically diagnosed with
colorectal cancer, and clinical data were staged
according to the eighth edition of UICC. Inclusion of
patients: 1. Patients with a histologically confirmed
diagnosis of colorectal cancer. 2. Specimens from
patients who have not yet received any treatment
(chemotherapy, radiation, or surgical intervention). 3.
The patients ranged in age from 18 to 80. 4. The
patients signed informed consent. Exclusion of
patients: Patients with a history of other
malignancies.” Each resident patient signed an
approval and consent form. HCT116 and SW480

human CRC cell lines were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai,
China) and maintained in recommended growth
media supplemented with 10% fetal calf serum (Gibco
Invitrogen, CA).

SW480 is a cell line commonly used in
biomedical research, particularly in cancer studies. It
originates from as human colorectal adenocarcinoma
and is known for its aggressive behavior and
resistance to chemotherapy. HCT116 is a cell line
derived from human colorectal carcinoma and widely
utilized for studying various aspects of cancer
biology, including tumor growth, invasion and
response to treatment.

RNA extraction and Quantitative Real-Time
PCR

Total RNA was extracted from fresh CRC cell
lines and colorectal tissue stored in liquid nitrogen
using Trizol (Takara, JAPAN). ZNF248 and GAPDH
levels were measured using a NanoDrop ND-100
instrument (NanoDrop, USA), and reverse transcrip-
tion and amplification were carried out using a
Takara kit. Thermocycling conditions were as follows:
95° for 30 s, and then 45 cycles of 95° for 5 s and 60° for
34 s. The following primers were used: ZNF248
forward primer: 5-TCACCAGGATCTCAGTCAG
CCAAG:-3’; reverse primer: 5'-CTGCCTCATCATGG
AAGCCTITGTC-3; GAPDH  forward  primer:
5-CATGAGAAGTATGACAACAGCCT-3"; reverse
primer: 5'- AGTCCTTCCACGATACCAAAGT-3".

Protein isolation and western blot

Total proteins were extracted from CRC cell lines
using RIPA lysate containing 1% PSMF. Protein
samples were separated on 10% sodium dodecyl
sulfate-polyacrylamide gels and then transferred
protein to PVDF membranes. PVDF membranes were
blocked by 5% nonfat milk for 2 h and subsequently
incubated with Rabbit ZNF-248 antibody at 1:1000
dilution (ZEN-BIOSCIENCE, China), Rabbit
E-cadherin antibody at 1:1000 dilution (Proteintech,
USA), Rabbit ZEB1 antibody at 1:1000 dilution
(Proteintech, USA), Rabbit SNAIL1 antibody at a 1:500
dilution (Proteintech, USA), and Mouse GAPDH
antibody at 1:3000 dilution (Proteintech, USA). PVDF
membranes were incubated the next day with
corresponding secondary antibodies (Proteintech,
USA) for 2 h. Each experiment was repeated three
times.

Immunohistochemistry (IHC)

Paraffin-embedded CRC tissue sections (4 um
thick) were deparaffinized at 65 °C for 2 h, washed
with xylene and ethanol, and subjected to
high-pressure antigen repair for 3 min. Sections were
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treated with 3% hydrogen peroxide and 10% normal
goat serum for 15 min each, followed by incubation
with Rabbit ZNF-248 antibody at a 1:100 dilution
(ZEN-BIOSCIENCE, China) and Rabbit ZEB1
antibody at a 1:200 dilution (Proteintech, USA) at 4 °C
overnight. Sections were incubated with secondary
antibodies, treated with streptavidin-peroxidase
reagent, stained with DAB, counterstained with
hematoxylin and observed under a microscope.
Immunohistochemical scoring was based on staining
intensity (scored as 0-3: negative, weak, medium, and
strong) and the extent of staining (scored as 0: < 5%, 1:
5%-25%, 2: 26%-50%, 3: 51%-75%, and 4: > 75%)
relative to the whole carcinoma.

RNA interference

ZNF248 siRNA and negative control (NC) were
designed by GenePharma (China) with the following
sequences: si-1 Sense: GGGAGCUUCUAUUCCAC
AATT; Anti-sense: UUGUGGAAUAGAAGCUCC
CTT; si-2 Sense: GCCUGAUGAGUUUAAUGUATT;
Anti-sense: UACAUUAAACUCAUCAGGCTT;
Negative control Sense: UUCUCCGAACGUG
UCACGUTT; Anti-sense: ACGUGACACGUUCGG
AGAATT.

HCT116 and SW480 CRC cells were transfected
with ZNF248 sil, ZNF248 si2, NC, and lipo3000
(Invitrogen, USA) for 48 h following the instructions.
Western blot was utilized to assess the inhibitory
effect.

Immunoprecipitation

Lysate, containing 20 mM Tris/HCl (pH7.4),
1.0% NP- 40, 150 mM NaCl, 1 mM EDTA, 10 pg/mL
albumin, and 50 pg/mL PMSF, was used to extract
total protein samples from CRC cell lines. Rabbit
anti-ZNF248 (ZEN-BIOSCIENCE, China) at a 1:100
dilution and Rabbit anti-IgG (CST, USA) at a 1:100
dilution was mixed with magnetic beads and
incubated at 4 °C for 4 h. CRC cell proteins were then
added to the antibody and magnetic beads complex,
which was incubated at 4 °C overnight. The next day,
immunoprecipitation samples separated from
magnetic beads were analyzed by Western Blot.

Chromatin immunoprecipitation

CRC cells grown to 90% confluence in a 15 cm
cell culture dish and then cross-linked with fresh
formaldehyde. Glycine was added to terminate the
cross-linking process. Complexes were collected in
PBS containing protease inhibitors. Following the
SimpleChIP ® Plus Enzymatic Chromatin IP Kit (CST,
USA) instructions, 10 pl Rabbit anti-ZNF248
(ZEN-BIOSCIENCE, China), 2 pL Rabbit anti-IgG
were used to extract target DNA. Primers were
designed according to potential binding sites, and

DNA was amplified using a Takara kit (JAPAN).

Wound healing assay

Transfected HCT116 and SW480 cells were
placed in a 6-well pallet. Once the cell fusion reached
80% confluence, a gentle scrape was made on the
bottom of the well using a 200 pL pipette tip. The was
washed with PBS three times, and images were
acquired at 0 and 24 h using a microscope.

Invasion and migration assay

Transfected 3*10* HCT116 and 6*10* SW480 cells
suspended in 300 pL of serum-free medium were
placed in the upper chamber, while 600 pL of 10% FBS
medium was added to the lower chamber. After 24 h,
the chambers were fixed in ice-cold methanol and
stained with crystal violet (Sigma, USA) for 30 min.
Migratory cells were then captured in four random
fields per well (Nikon, Japan). Each experiment was
repeated three times.

Mice xenograft model

The Ethics Committee of Dalian Medical
University approved mice experiments. For the liver
metastasis model, 6-week-old non-SCID mice were
obtained from Cyagen Bioscience (China). A small
incision was made under the left abdominal flank to
expose the spleen. Transfected CRC cells (1*10°)
suspended in 100 pL pre-cold PBS were injected into
the inferior pole of the spleen. The mice were
sacrificed, and liver tissue was obtained one month
later. Tumor size was measured using vernier
calipers, and liver metastasis tumors were detected by
hematoxylin and eosin (HE) staining.

Statistical analysis

Results from the three independent experiments
were presented as the mean * standard deviation. The
Wilcoxon rank-sum test analysis was used to estimate
differences between the two groups. Correlation
analysis was performed using the chi-square test.
Survival was evaluated using the Kaplan-Meier
method, and differences were analyzed using the
log-rank test. All statistical analyses were performed
by SPSS 17.0 (Chicago, IL, USA), and P<0.05 was
considered statistically significant.

Results

Overexpression of ZNF248 predicts poor
survival in CRC patients

To identify novel genes that are associated with
CRC, the relationship between mRNA expression and
clinical information of CRC patients and normal
individuals from TCGA and GTEx datasets was
comprehensively examined. Among 100 genes, the
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mRNA expression levels were found to be Table 1. The relationship between ZNF248 and 100 CRC
significantly ~ related to  patients’ survival.  Patients’ clinical pathology data.

Additionally, in the GSE146587 dataset, 864 genes Expression of ZNF248 P value
were identified to show different mRNA expression iarameters No. of patients Low High
levels in cancer tissue compared to adjacent tissue. .5 rears) . 1 »s 022
ZNF248 was identified as one of the top-ranked genes =60 63 b3 35
using a Venn diagram (Figure 1A). On the other hand, ;e‘l‘de' o " . 084
the expression of ZNF248 in CRC tissues was  pore 5 20 3
evaluated using IHC and qRT-PCR assay. Consistent  Size (maximal diameter)
with bioinformatic data, a high expression level of igi‘; z - ;;
ZNF248 was observed in cancer tissue (Figure 1B, C).  piferentiation
ZNF248 expression among various human cancers  Well Moderate 80 31 49
was next assessed. As demonstrated in Table 1, o 2 ’ 1

T . . TNM stage 035
ZNF248 expression is significantly associated with 62 30 0
node metastasis and liver metastasis (p=0.01, p=0.01).  m1v 38 10 8
Furthermore, the mRNA expression of ZNF248 in o ™" 72 0 o
normal intestinal epithelial cell line and five CRC cell 14 28 10 18
lines was determined by qPCR. The results indicated IL)Y‘T‘tI?h“"de status w " a 0.01
that ZNF248 is highly expressed in RKO and SW480 Noes(;al;‘e,e a » 19
but not in HCT116. Therefore, SW480 and HCT116  Metastasis 0.01
were selected for further experiments (Figure 1D, E). ! - >z I
Taken together, ZNF248 overexpression is an adverse
factor for CRC patients.

A B Overall Survival C 10+
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Figure 1. ZNF248 expressions in CRC tissues and cells. (A) The same intersection genes between differential genes in the GSE146857 dataset and survival-related genes in the
TCGA database by Venn diagram. (B) High and low ZNF248 expressions plotted against overall survival time in 270 CRC patients in the TCGA database. (C) mRNA transcripts
of ZNF248 in 100 pairs of CRC tissues and adjacent tissues by qRT-PCR. (D) Protein expressions of ZNF248 in 100 pairs of CRC tissues and adjacent tissues by IHC. (E) mRNA
transcripts of ZNF248 in 5 CRC cell lines and one normal intestinal epithelial cell gRT-PCR. (F) Protein expressions of ZNF248 in 5 CRC cell lines and one normal intestinal
epithelial cell by WB. *, P<0.05; **<0.01 compared with the control.
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Figure 2. ZNF248 promoted CRC cell invasion and migration. (A) Cell migration and invasion in HCT116 transfected ZNF248 plasmid. (B) Wound healing in HCT116
transfected ZNF248 plasmid. (C) Cell migration and invasion in SW480 transfected ZNF248 siRNA. (D) Wound healing in SW480 transfected ZNF248 siRNA. Bars indicate
Mean * SE, *P<0.05; **p<0.01 (X20 magnification), n=3.

ZNF248 promoted metastatic ability of CRC assays and wound healing experiments. The results
cells showed that the ectopic expression of ZNF248

The effect of ZNF248 on migration and invasion  Sighificantly promoted CRC cell migration and
ability of CRC cells was investigated using transwell ~ invasive capability (Figure 2A, B). In contrast,
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silencing of ZNF248 reduced CRC cell invasion and
migration, and delayed wound healing in SW480 cells
(Figure 2C, D). These data suggest that ZNF248
promotes metastatic ability of colorectal tumor cells.

ZNF248 silencing inhibited EMT-related
markers in CRC

To gain insights into the molecular mechanisms
underlying the pro-tumorigenic action of ZNF248,
several important cancer pathways were screened
using GSEA analysis. The results showed that
ZNF248 is related to the cell adhesion signaling
pathway (Supplementary Figure 1). ZEB1, a
transcription factor of EMT, is proved to regulate cell
adhesion [14-15]. In order to confirm whether the
function of ZNF248 depends on ZEB1 activation, CRC
cells with or without ectopic expression of ZNF248
were treated with two different cell lines. Specifically,
ZNF248 expression was inhibited in SW480 cells and
increased in HCT116 cells. When ZNF248 was
silenced in SW480, the expressions of ZEB1 and
SNAIL1 decreased, whereas E-cadherin expression
increased (Figure 3A). In contrast, ZNF248
overexpression decreased the EMT expressions of
ZEB1, SNAIL1, and E-cadherin in HCT116 cells
(Figure 3B). Furthermore, ZNF248 was found to bind
to ZEB1 in two colon cancer cells using IP assays
(Figure 5A). Consistent result was observed in the
co-expression analysis, which showed a close
association between ZNF248 and ZEB1 in the
cytoplasm by IHC (Figure 5B, Table 2). Correlation
analysis also showed that ZNF248 mRNA was
positively associated with ZEB1 mRNA in GEPIA
(Figure 5C). Thus, these data suggest that ZNF248
silencing may inhibit EMT-related markers in CRC.

Table 2. The association of ZNF248 and ZEBI in 40 CRC clinical
samples.

ZNF248

High Low Pearson P value
ZEB1 High 24 3 0.393 0.021
Low 7 6

ZNF248 regulates the process of EMT by
binding to the ZEB1 promoter region in CRC
cells

ZNF248 is identified as a member of zinc
transcription factor family. To further explore the
molecular mechanism of ZNF248 in CRC cells,
ZNF248-related Chip-seq data were analyzed on the
Cistrome Data website and compared with those of
UCSC website (Supplementary Figure 2A). Peak
enrichment was observed in the ZEB1 promoter
region. Subsequently, primers for Chip-PCR were
designed based on these peaks. ZNF248 was

identified as a transcription factor of ZEB1 by
Chip-PCR (Figure 5D). Further verification was
performed using agarose gel electrophoresis, which
indicated that ZNF248 is indeed the transcription
factor of ZEB1 (Supplementary Figure 2B).
Meanwhile, Double luciferase reporter gene assay
showed that ZNF248 regulate ZEB1 transcription (p =
0.002) (Supplementary Figure 2C). Overexpression of
ZEB1 restored the changes in invasion and migration
ability and the expression of ZEB1, SNAIL1 and
E-cadherin. Rescue experiment further supports the
conclusion of this study (Figure 4A, B, C).

ZNF248 silencing inhibited CRC tumors in
liver metastasis in vivo

To further investigate the tumourigenic ability of
ZNF248, SW480 cells with silenced ZNF248 were
injected into the spleens of Nod-SCID mice. As shown
in Fig. 6A, C, metastatic tumors were identified by HE
staining. The numbers and sizes of liver metastasis of
ZNF248 siRNA group was decreased as compared
with NC group (Figure 6B). Xenograft model
experiments further verified that ZNF248 was
important in CRC liver metastasis. Collectively, these
data imply that ZNF248 plays a pivotal role in
promoting the mesenchymal-epithelial transition of
colorectal cancer, ultimately regulating the occurrence
of liver metastasis in CRC (Figure 6D).

Discussion

The ZNF transcription factor family plays a
crucial role in the progression of various types of
tumors. ZNF248, a member of the ZNF transcription
factor family encoding a C2H2 type transcription
factor, has not been studied in CRC. In this study, the
bioinformatics analysis revealed that ZNF248 is
highly expressed in CRC tissue, positively correlating
with poor patient survival. Both qRT-PCR and IHC
results confirmed that ZNF248 expression was
elevated in cancer tissues, closely associated with
lymph nodes and distant metastasis (p=0.01).

The high mortality of colorectal cancer is
attributed to the invasion and migration of CRC cells.
Despite undergoing chemoradiotherapy, some
patients still developed distant metastasis [16].
Therefore, the current focus is to understand the
mechanisms of CRC migration and invasion. EMT is
characterized by the loss of polarity in malignant cells
derived from epithelial tissues, accompanied by the
disruption of cell-cell and cell-extracellular adhesion,
and reorganization of the cytoskeleton. Thus, EMT
could promote CRC cell invasion and metastasis
[17-19]. EMT has been widely considered to be
important in the metastasis and recurrence of various
tumors [20-22]. Here, our findings showed that
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ZNF248 plays a significant role in CRC development
and is closely linked to lymph nodes and distant
metastasis. Apart from promoting CRC cell growth,
ZNF248 promoted CRC cell migration and invasion.
Western blot analysis also showed that ZNF248
regulated the EMT process. In accordance with in vitro
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data, the non-SCID mice liver metastasis model
further validated the crucial role of ZNF248 in the
EMT process of CRC in vivo. Hence, the remarkable
oncogenic effect in CRC cells in vitro and in vivo
suggests that ZNF248 play an important role in CRC
progression.
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Figure 3. ZNF248 regulates ZEBI and EMT-related markers. (A) The protein expressions involving ZEBI, SNAILI, E-cadherin, and other EMT-related markers in ZNF248
siRNA and negative control transfected SW480. (B) The protein expressions involving ZEBI, SNAILI, E-cadherin, and other EMT-related markers in ZNF248 overexpression
plasmid and negative control transfected HCT116. Bars indicate Mean * S.E.*, P<0.05; **, P<0.01 compared with the control, n=3.
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The current study focuses on unraveling the
specific mechanisms by which ZNF248 regulates
EMT. TGF-B, PI3K-AKT, RAS-ERK1/2, and
Wnt-pB-catenin  signaling pathways have been
implicated in the EMT process of CRC [23-26].
Additionally, several transcription factors, such as
ZEB1, ZEB2, Snaill, and Slug, are known to regulate

E-cadherin, an EMT-related marker [27-30]. Among
them, ZEB1 is a pivotal transcription factor of
E-cadherin. Wu et al. [31] reported that the
RP11/hnRNPA2B1/mRNA complex accelerated the
mRNA degradation of two E3 ligases, Siahl and
Fbx045, and subsequently prevented the proteasomal
degradation of ZEB1. Based on the bioinformatics
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analysis, we hypothesized that ZNF248 may be the
transcription factor of ZEB1. Meanwhile, our findings
revealed that ZNF248 increases the expression of
ZEB1, inhibits E-cadherin expression and promotes
CRC cell invasion and migration. In agreement with
the results, rescue experiments showed that
up-regulation of ZEB1 restored the impaired invasion
and migration abilities of CRC cells caused by
ZNF248 down-regulation. Finally, ChIP experiments

ZNF248

ZEB1

p-value =0
R=0.82

.

log2(ZEB1 TPM)

0 1 2 3 4 5

log2(ZNF248 TPM)

demonstrated that ZNF248 enhanced the EMT
process of CRC cells by binding to the ZEB1 promoter
region.

In summary, we have demonstrated for the first
time that ZNF248 plays a pivotal role in the malignant
biological behavior of CRC. The ZNF248-ZEB1
signaling pathway promotes EMT in CRC cells.
Importantly, ZNF248 emerges as a novel marker for
CRC patients' survival and treatment outcomes.
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Figure 5. ZNF248 acts as a transcription factor of ZEBI. (A) ZEBI co-immunoprecipitated with ZNF248 in CRC cells. The input and IgG lanes were used as the positive and
negative controls, respectively. (B) Co-expression of ZNF248 with ZEBI in CRC tissues using Immunohistochemistry, p=0.021. (C) mRNA Co-expression of ZNF248 with ZEBI|
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process in CRC. Bars indicate mean * SE, * P <0.05, **p<0,01, comparing with NC, n=3.
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