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Zinc finger protein 263 promotes
colorectal cancer cell progression
by activating STAT3 and enhancing
chemoradiotherapy resistance

Yadan Du'3*, Yawen Chen3*, Zaihua Yan%*, Jian Yang? & Mingxu Da%3"*

Zinc finger protein 263 (ZNF263) is frequently upregulated in various tumor types; however, its
function and regulatory mechanism in colorectal cancer (CRC) have not yet been elucidated. In this
study, the expression of ZNF263 was systematically examined using data from The Cancer Genome
Atlas database and samples from patients with CRC. The results indicated that high expression of
ZNF263 in CRC tissues is significantly associated with tumor grade, lymph node metastasis and disant
metastasis. Additionally, overexpression of ZNF263 significantly promoted the proliferation, invasion,
migration, and epithelial-mesenchymal transition of CRC cells, while also increasing signal transducer
and activator of transcription 3 (STAT3) expression and mRNA stability. Conversely, knockdown of
ZNF263 inhibited the malignant behavior of CRC cells and decreased STAT3 expression and mRNA
stability. Further mechanism studies using chromatin immunoprecipitation (CHIP) and luciferase
assays verified that ZNF263 directly binds to the STAT3 promoter. Rescue experiments demonstrated
that the knockdown or overexpression of STAT3 could significantly reverse the effects of ZNF263

on CRC cells. Additionally, our study found that overexpression of ZNF263 enhanced the resistance

of CRC cells to the chemoradiotherapy. In summary, this study not only elucidated the significant

role of ZNF263 in CRC but also proposed novel approaches and methodologies for the diagnosis and
treatment of this malignancy.
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Colorectal cancer (CRC) is a major malignancy of the digestive system and a major cause of cancer-related
mortality!. Often asymptomatic in its early stages, CRC is frequently diagnosed at an advanced stage, complicating
treatment efforts. While surgical resection remains the most effective treatment for early and locally advanced
CRG, its efficacy diminishes significantly in advanced and metastatic cases, necessitating the use of multimodal
therapies®. In recent years, immune checkpoint inhibitors have become essential in the first-line treatment
of advanced and metastatic CRC, particularly in patients with mismatch repair (MMR) deficiencies or high
microsatellite instability (MSI-H). However, their effectiveness is limited in microsatellite-stable (MSS) CRC,
highlighting the need for alternative strategies. The challenges posed by tumor heterogeneity, drug resistance,
and immune escape mechanisms further underscore the importance of continued research into the molecular
mechanisms of CRC**. Consequently, identifying novel targets and optimizing combination therapies are
critical to overcoming current limitations and improving patient outcome.

Transcription factors known as zinc finger proteins (ZNFs) have the ability to bind to certain DNA sequences
and control the expression of target genes>®. For instance, in hepatocellular carcinoma (HCC) cells, ZNF263 and
myelin transcription factor 1-like form a complex that supports cell growth and enhances metastatic potential,
thereby worsening the malignancy of HCC’. Moreover, ZNF263 has demonstrated similar oncogenic effects
in various other cancer types. Specifically, the upregulation of ZNF263 in kidney cancer?, glioblastoma® and
non-small cell lung cancer!® cells has been linked to increased cell proliferation and enhanced resistance to
chemotherapeutic agents. Additionally, ZNF263 promotes epithelial-mesenchymal transition (EMT) and
drug resistance in pancreatic cancer by activating ring finger protein 126 (RNF126)!!. These findings suggest
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that ZNF263 could serve a pivotal role in various tumor types, influencing tumor development, EMT and
chemotherapy resistance. However, despite these insights, the precise role and impact of ZNF263 in CRC remain
poorly understood, which highlights a critical gap in the current understanding of CRC pathophysiology and
underscores the need for further research.

Signal transducer and activator of transcription 3 (STAT3) has a crucial role in CRC development
and progression. As a key transcription factor, the aberrant activation of STAT3 is closely related to the
pathophysiological processes of a number of cancer types, particularly CRC. STAT3 regulates various cancer-
related biological processes, such as cell proliferation and apoptosis, angiogenesis and immune escape, by
modulating the expression of downstream target genes'?"'%. Additionally, persistent activation of STAT3
is strongly associated with poor prognosis in patients with CRC, making it a potential therapeutic target!>.
Furthermore, STAT3 significantly contributes to chemoradiotherapy (CRT) resistance in CRC!®. Specifically,
STAT?3 enhances the tolerance of cancer cells to CRT treatments through mechanisms such as upregulating
the expression of anti-apoptotic genes, promoting DNA repair and regulating the tumor microenvironment.
Therefore, targeted inhibition of STAT3 has been recognized as a crucial strategy to reduce CRT treatment
tolerance in cancer cells and improve therapeutic efficacy, highlighting its significant research value and clinical
potential.

Recent studies have identified a number of ZNFs that regulate STAT3 activity. For instance, ZNF341 binds
to the promoter of STAT3 and activates its transcriptional, thereby influencing immunity'”. By contrast, ectopic
expression of ZNF382 significantly reduces the STAT3 transcriptional activity at the promoters of its target
oncogenes'8. Additionally, TNF receptor associated factor 6 negatively regulates the Janus kinase (JAK)-STAT3
pathway by binding to and mediating the ubiquitylation of pathway components®®. These findings underscore
the notable role of ZNFs in STAT3 regulation, providing new research perspectives and potential targets for the
development of targeted therapies.

The present study aimed to examine the expression level of ZNF263 in CRC tissues. In addition to this primary
objective, the present study aimed to evaluate the impact of ZNF263 on various cellular aspects, including the
proliferation, invasion, migration and EMT of CRC cells and its possible mechanisms. Furthermore, the present
study aimed to confirm the effect of ZNF263 on CRT in patients with CRC. Through these comprehensive
analyses, this study provided valuable insights into the multifaceted role of ZNF263 in CRC treatment.

Materials and methods

Cell lines and clinical specimens

The CRC cell lines, SW480 and HCT116, were purchased from Wuhan Punosai Life Sciences Co., Ltd. (Wuhan
Pricella Biotechnology Co., Ltd.). Rigorous short tandem repeat analyses were conducted to authenticate these
cell lines, followed by comprehensive tests to confirm the absence of mycoplasma contamination. The CRC cell
lines were cultivated in Roswell Park Memorial Institute 1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) at 37 °C in a humidified
chamber with a 5% CO, atmosphere.

From October, 2022 to January, 2024, 53 CRC samples and corresponding paracancerous tissues were
collected at Gansu Provincial People’s Hospital (Gansu, China). Before the collection process, informed consent
was obtained from each patient. The present study received ethical approval from the Ethics Committee of
Gansu Provincial Hospital (approval no. 2024 —300), and all experiments were conducted in accordance with
relevant guidelines and regulations.

Analysis of public data sets

A comprehensive understanding of ZNF263 expression was gained through extensive analysis of RNA levels. This
analysis was conducted utilizing The Cancer Genome Atlas (TCGA) database. Changes in ZNF263 expression
during CRC development were further explored by carefully evaluating tumor grade, lymph node metastasis
and distant metastasis. The correlation between STAT3 and ZNF263 was confirmed by the online database,
TIMER2.0 (http://timer.cistrome.org/), which provided a solid theoretical basis for the subsequent experimental
design. In addition, the binding of ZNF263 to the STAT3 promoter sequence was further predicted using the
UCSC Genome Browser (http://timer.cistrome.org/) and Jaspar (https://jaspar.elixir.no/) databases.

Immunohistochemistry (IHC) assay

The streptavidin-peroxidase method was employed to assess the expression of ZNF263 in CRC tissues and
adjacent paracancerous tissues. Initially, the pathological paraffin sections were deparaffinized using xylene,
followed by dehydration with an ethanol gradient. The sections were subjected to antigen retrieval by immersion
in 10 mmol/I citrate buffer for 2 min, then 3% hydrogen peroxide was applied to inhibit endogenous peroxidases.
The ZNF263 primary antibody (rabbit; 1:400; cat. no. PA5-57150; Invitrogen; Thermo Fisher Scientific, Inc.)
was applied to the sections overnight at 4 °C. Next, the sections were incubated with HRP-labeled secondary
antibody (Goat Anti-Rabbit IgG H&L; 1:1000; cat. no. ab205718; Abcam) for 2 h at 37 °C. After staining with
3,3’-diaminobenzidine, the sections were counterstained with hematoxylin and microscopic observation and
scoring were conducted.

Scoring of the immunostaining was based on the degree of staining intensity and the percentage of positive
cells. The percentage of positive cells was graded as 0 for no staining, 1 for <30%, 2 for 30-60% and 3 for > 60%.
Scoring of the staining intensity was conducted using a scale of 0 for no staining, 1 for light brown, 2 for brown
and 3 for dark brown. In total, two experienced pathologists evaluated the study outcomes using a double-
blinded quantitative method. The final score was obtained by multiplying the percentage and staining intensity
scores. A score of >3 indicated a positive result, while a score < 3 indicated a negative result.
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Construction of lentivirus and stable cell lines

Vectors carrying short hairpin (sh)RNA sequences were constructed utilizing the pHBLV-U6-MCS-CMV-
ZsGreen-PGK-PURO vector. The following vectors were used in the present study: shZNF263, shSTAT3 and
shControl. A non-targeting shRNA control sequence was included in shControl. The shRNA sequences used in
the present study are included in Table SI. Additionally, the ZNF263 and STAT3 gene sequences were inserted
into pHBLV-U6-MCS-CMV-ZsGreen-PGK-PURO to create lentiviral overexpression vectors. The resulting
vectors were named 0eZNF263 and 0eSTAT3, respectively. The empty vector (Control) was used as the negative
control.

Lentiviral packaging was performed using the triple plasmid lentiviral system. Briefly, plasmids (psPAX2,
pMD2G and plasmids carrying target genes or shRNAs) were co-transfected into 293T cells using the Lipofiter”
Plasmid Transfection Reagent (Hanbio Biotechnology Co., Ltd). The solution containing virus particles was
obtained 48 and 72 h post-transfection. The viral stock was concentrated and purified through ultracentrifugation
(4 °C, 82,700 x g, 120 min), resulting in a high-titer lentiviral stock. Polybreye was used to transduce viruses
into SW480 and HCT116 cells at 37 °C for 24 h, with a multiplicity of infection of 30-50. Following this, the
virus medium was replaced with fresh medium. Puromycin (1.5 g/ml) was used to screen stably transfected cells.
Finally, successful transfection was confirmed by western blotting.

RNA extraction and reverse-transcription quantitative polymerase chain reaction (RT-qPCR)
The TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract total RNA from CRC tissues
or cells according to the manufacturer’s instructions. RT reactions were conducted using the M5 Sprint gPCR
RT kit with gDNA remover (Mei5 Biotechnology Co., Ltd, ) in a 20 pl reaction volume, with the following
conditions: 42 °C for 2 min, 50 °C for 5 min and 85 °C for 5 s. QPCR was performed using the 7500 real-
time fluorescence quantitative PCR instrument system (Thermo Fisher Scientific, Inc.) and 2X M5 HiPer SYBR
Premix EsTaq (Mei5 Biotechnology Co., Ltd.). The qPCR conditions consisted of an initial denaturation at 94 °C
for 5 min, followed by 35 cycles at 94 °C for 40 s, 60 °C for 30 s and 72 °C for 60 s and a final extension at 72 °C
for 7 min. The relative ZNF263 and STAT3 level was calculated using the 2224 method. For cell lines, the
following equations were used: ACq= ACG,yge - ACYGpppi and AACq= ACY gy ression vector ~ ACcontrol vector
expression levels were standardized with respect to the control cells, which was set to 1.0. For clinical tissue
samples, the 2"24C4 method was similarly used to determine the fold change in target gene expression levels
using the following formula: ACq=thargel - Cqgappy @and AACq=ACq.. - ACQq, . mor 1€ expression
levels were adjusted to healthy colorectal tissue, which was set to 1.0. The primer sequences used in the gPCR
are shown in Table SII.

Chromatin immunoprecipitation (ChIP)

The Chromatin Immunoprecipitation Kit (JKR23002A; Genecreate) was used to conduct ChIP analysis. Briefly,
1x107 cells were cross-linked with 1% formaldehyde for 10 min at 37 °C, then quenched with glycine. The
DNA was then fragmented using ultrasound. Following fragmentation, 5-10 ug DNA was incubated overnight
at 4 °C with 5 ug ZNF263 primary antibody (mouse; cat. no. sc-135612; Santa Cruz Biotechnology, Inc.) and
normal rabbit IgG (from the Chromatin Immunoprecipitation Kit). The precipitated DNA was then purified
using resuspended magnetic beads. The corresponding promoter binding sites were amplified using PCR and
the respective primer sequences shown in Table SII. For this, a PCR system (Takara Bio, Inc.), RT-PCR and
Taq DNA polymerase (cat. no. EP0405; Thermo Fisher Scientific, Inc.) were utilized. The PCR thermocycler
conditions were as follows: Initial denaturation for 5 min at 94 °C, 35 cycles at 94 °C for 40 s and 60 °C for 30 s
and an extension step at 72 °C for 7 min.

Transient transfection and luciferase assay

The ZNF263 expression plasmid was obtained by cloning ZNF263 into the pCMVtag2A vector (Agilent
Technologies, Inc.). SW480 or HCT116 cells were cultured in 24-well plates at a density of 1x10° cells/well.
After 12-24 h of incubation, expression plasmid (0.6 ug; pCMV-ZNF263 or pCMV control), reporter plasmid
(0.18 pg) (Promega Corporation) and PRL-TK plasmid (0.02 pg) (Promega Corporation) were co-transfected
into the cells using Lipofectamine 3000 reagent. After 5 h of transfection, the cells were washed and placed in fresh
medium containing 1% FBS and cultured for 48 h to recover. The cells were then subjected to a serum starvation
assay. The luciferase activity was evaluated utilizing a dual luciferase assay kit (Promega Corporation), following
the manufacturer’s instructions. Lysis of the transfected cells was performed in Eppendorf microcentrifuge
tubes, then the samples were centrifuged at 72,000 X g for 120 min at 4 °C. The luciferase activity was measured
using a Modulus™ TD20/20 photometer (Turner Designs), with renin luciferase activity used for normalization.

Western blotting

The cells or tissues in each group were washed with pre-cooled PBS then incubated with lysis buffer (Beijing
Solarbio Science & Technology Co., Ltd) at 4 °C for 30 min. The resulting supernatant was collected through
centrifugation (15 min, 4 °C, 12,000 X g). Next, 30 pg of protein from each group were separated using 10% SDS-
PAGE (cat. no. P2012; NCM Biotech), then transferred onto PVDF membranes (cat. no. IPVH00010; Merck
KGaA). The membranes were blocked and then incubated with the following primary antibodies overnight at
4 °C: ZNF263 (mouse; 1:500; cat. no. sc-135612; Santa Cruz Biotechnology, Inc.), STAT3 (rabbit; 1:1,000; cat.
no. ab109085; Abcam), N-cadherin (rabbit; 1:1,000; cat. no. WL01047; Wanleibio Co., Ltd.), E-cadherin (rabbit;
1:1,000; cat. no. WL01482; Wanleibio Co., Ltd.), Snail (rabbit; 1:1,000; cat. no. WL01863; Wanleibio Co., Ltd.),
Vimentin (rabbit; 1:1,000; cat. no. WL01960; Wanleibio Co., Ltd.) and GAPDH (rabbit; 1:5,000; cat. no. ab245355;
Abcam). After primary antibody incubation, the membranes were treated with the corresponding secondary
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antibodies (antirabbit, HRPconjugated;1:2,000; ab150077; Abcam) (antimouse, HRPconjugated;1:2,000;
ab150113; Abcam) for 1 h. Finally, protein bands were visualized using chemiluminescent reagents.

EdU cell proliferation assay

Cells (2x10°%) were seeded into a 6-well plate and, once the cells had fully adhered, EdU working solution
(Dalian Meilun Biology Technology Co., Ltd.) was added. The cells were then incubated for 2 h. Following the
manufacturer’s instructions, the EQU-555 Cell Proliferation Assay Kit (Dalian Meilun Biology Technology Co.,
Ltd.) was used to stain the cells. The EdU-labeled cells were then visualized using a fluorescence microscope.

Cell counting Kit-8 (CCK8) assay
Cells (2x10%) were seeded into 96-well plates and CCK-8 (Weiboxin Biotechnology Co., Ltd.) was used to
evaluate cell proliferation on days 1, 2, 3, 4 and 5.

Colony formation assay

Cells (1 x 10%) were seeded into 6-well plates and cultured for 2 weeks. The resulting colonies were then incubated
with 4% paraformaldehyde (Wuhan Pmk Biotechnology Co., Ltd.) at 25 °C for 20 min, to ensure the cellular
structure remained intact. Next, the colonies were stained with 0.1% crystal violet (Beijing Solarbio Science &
Technology Co., Ltd.) at 25 °C for 5 min. Only colonies with > 50 cells were considered for further examination.

Transwell invasion and migration assays

The cells were first seeded into the top chamber of Transwell inserts (Corning, Inc.). To conduct the invasion
assay, 50 pl Matrigel was added to the top chamber. The ability of the cells to migrate and invade was measured
by calculating the number of cells that migrated or invaded into the bottom chamber of the Transwell plate. The
cells were seeded in serum-free medium in the upper chamber, while medium supplemented with 20% FBS was
added to the lower chamber to incite chemotaxis. The Transwell plates were then placed in a 5% CO, incubator at
37 °C for 48 h. After incubation, the cells were fixed with 4% paraformaldehyde (Wuhan Pmk Biotechnology Co.,
Ltd.), then stained with 0.2% crystal violet (Beijing Solarbio Science & Technology Co., Ltd.) for visualization
and imaging.

Cell radiotherapy

Cells were seeded into either 96- or 6-well plates and then placed in a humidified incubator for 24 h to acclimatize
to the culture conditions. Following this acclimatization period, the cells were irradiated at the specified doses
according to the experimental design. For cells in the 96-well plates, CCK-8 reagent (Weiboxin Biotechnology
Co., Ltd.) was added on days 1, 2, 3, 4 and 5 after irradiation to assess the proliferation. For cells in the 6-well
plates, incubation was continued until colony formation occurred. After the colonies were fixed, crystal violet
(Beijing Solarbio Science & Technology Co., Ltd.) staining was performed and the number of colonies in each
group was counted. Unirradiated cells were included as a control group to facilitate the comparison of the
survival and proliferation rates among the experimental groups.

Cisplatin treatment

Cells were seeded into 96- or 6-well plates and incubated for at least 12 h. In the 96-well plates, different
concentrations of cisplatin (APeXBIO Technology LLC) were added to the cells, followed by an additional 48-h
incubation. CCK-8 was then added to the cells and the optical density (OD) was determined. The cell viability
was calculated using the formula: (OD of treated cells/OD of vehicle-treated cells) X 100%. The cells in the
6-well plates were treated with different concentrations of cisplatin and incubated until colonies formed. After
the colonies were fixed, crystal violet (Beijing Solarbio Science & Technology Co., Ltd.) staining was performed
and the number of colonies in each group was counted. The effect of cisplatin on cell proliferation and colony
formation was evaluated using cells treated with the vehicle, which does not contain cisplatin but is treated under
the same conditions as the drug treatment group, as a control.

Statistical analysis

The experiments were conducted independently and repeated at least three times. Statistical analysis was
performed using SPSS software (version 25; IBM Corp.), and the outcomes are presented as the mean =+ SD.
Categorical data were evaluated using the x2 test. Comparisons between groups were performed using Student’s
t-test (paired t-test for paired data, independent samples t-test for unpaired data) or one-way ANOVA followed
by Tukey’s or Dunnett’s post hoc tests. Graphical analysis was conducted using GraphPad Prism 9.5.1 software
(Dotmatics). P<0.05 was considered to indicate a statistically significant difference.

Results

ZNF263 is upregulated in CRC tissues

After analyzing data from TCGA database, it was observed that the ZNF263 expression level was significantly
higher in CRC tissues compared with normal tissues (Fig. 1A and S1A). To further explore this finding, the
clinical significance of ZNF263 in CRC tissues was analyzed through IHC. The results showed that ZNF263
was highly expressed in CRC tissues, and this upregulation was associated with various factors such as tumor
grade, lymph node metastasis, vascular metastasis and nerve invasion (Fig. 1B and S2A; Table 1). Building on
these findings, the expression of ZNF263 in eight sets of CRC and adjacent non-tumor tissues was examined via
western blotting and RT-qPCR. The results showed that ZNF263 was notably elevated in CRC tissues compared
with the adjacent normal tissues (Fig. 1C, S3A and 1D).
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Fig. 1. ZNF263 is upregulated in CRC tissues. (A) The expression levels of ZNF263 in CRC and adjacent
non-tumor tissues (data from TCGA). (B) Representative images displaying ZNF263-targeted staining in
CRC tissues alongside paired non-tumor tissues. (C) The relative protein expression levels of ZNF263 in eight
pairs of CRC and corresponding adjacent tissues were determined by western blotting analysis (ZNF263,

77 kDa; GAPDH, 36 kDa). (D) The relative mRNA expression levels of ZNF263 in eight pairs of CRC and
corresponding adjacent tissues were determined by reverse transcription-quantitative polymerase chain
reaction. Analysis revealed the association between ZNF263 expression and (E) tumor grading, (F) lymph
node metastasis and (G) distant metastasis in CRC (data from TCGA). Experiments were repeated at least
three times and data are presented as the mean +SD. *P<0.05, “P<0.01, ***P<0.0001. ZNF263, zinc finger
protein 263; CRC, colorectal cancer; TCGA, The Cancer Genome Atlas.

Moreover, the expression of ZNF263 in individual patient groups in TCGA dataset was characterized based
on clinical characteristics (Table 2). There was a significant association between tumor grade and ZNF263
expression (Fig. 1E). In addition, patients with lymph node metastasis and distant metastasis showed increased
levels of ZNF263 expression (Fig. 1F and G). These findings collectively suggest an increase in ZNF263 expression
occurs in CRC, indicating a possible role in the progression and metastasis of CRC.

ZNF263 significantly promotes the proliferation, invasion and migration of CRC cells
Next, the expression level of ZNF263 in CRC cell lines was analyzed (Fig. S4A). SW480 and HCT116 represented
ZNF263 low-expressing and high-expressing cells, respectively. To ensure a comprehensive analysis, these two
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ZNF263 expression
Clinicopathological variables | Number (n=53) | High (n=30) | Low (n=23) | P-value
Age, years 0.569
<55 23 12 11
>55 30 18 12
Gender 0.637
Male 28 15 13
Female 25 15 10
Tumor size (cm) 0.132
<5 27 18 9
>5 26 12 14
AJCC stage <0.01"
Tand II 19 6 13
IIland IV 34 24 10
T stage 0.289
T1and T2 18 12 6
T3 and T4 35 18 17
N stage 0.028"
NoO 21 8 13
NI1-N3 32 22 10
Vascular metastasis <0.01™
Yes 23 18 5
No 30 12 18
Lymphatic invasion 0.875
Yes 27 15 12
No 26 15 11
Neurological violation 0.03"
Yes 34 23 11
No 19 7 12

Table 1. Associations between ZNF263 expression and clinicopathological parameters in 53 patients with
colorectal cancer. AJCC American Joint Committee on Cancer. **P<0.01,*P < 0.05.

cell lines were selected to further investigate the effect of ZNF263 on CRC progression. For this purpose, two
stable cell lines were established (Fig. 2A, S3B and S3C). The results of the CCK-8 and EdU assays showed that
ZNF263 overexpression promoted cell proliferation (Fig. 2B and C), which was consistent with the results of the
colony formation assays (Fig. 2D). Conversely, the proliferation and colony formation abilities of CRC cells were
inhibited upon knockdown of ZNF263 (Fig. 2B-D). In addition, the overexpression of ZNF263 promoted the
invasion and migration of SW480 cells, while the knockdown of ZNF263 decreased the invasion and migration
of HCT116 cells (Fig. 2E and F). Supporting these observations, cells overexpressing ZNF263 exhibited reduced
E-cadherin protein expression and increased N-cadherin, vimentin and Snail protein expression. However,
ZNF263 knockdown increased the protein expression of E-cadherin and decreased the protein expression
of N-cadherin, vimentin and Snail (Fig. 2G, S3D and S3E). Collectively, these experimental results indicate
that ZNF263 may act as an oncogene to promote the proliferation, invasion, migration and EMT of CRC cells,
suggesting that upregulation of ZNF263 may contribute to the aggressive phenotype of CRC.

STAT3 is a target of ZNF263

STATS3 is a signaling protein that mediates various cellular processes?®?!. Given its pivotal role, it was next
determined whether ZNF263 affects the transcriptional activation of STAT3 to promote CRC progression. First,
the GEPIA and TCGA databases were used to confirm a significant correlation between STAT3 and ZNF263
expression (Fig. 3A, S1B and S1C). Subsequently, the mRNA and protein levels of STAT3 were then examined in
cells with ZNF263 overexpression or knockdown. The results showed that overexpression of ZNF263 increased
the STAT3 mRNA and protein levels, whereas downregulation of ZNF263 decreased the STAT3 mRNA and
protein levels (Fig. 3B and C, S3F and S3G).

It has been demonstrated that ZNFs can directly bind to STAT3 to regulate its transcriptional activity!”~1°.
Building on this knowledge, the UCSC Genome Browser database was utilized to demonstrate the binding of
ZNF263 to the STAT3 promoter region (Fig. 3D). Further analysis using the JASPAR database was conducted
to obtain the binding site of the ZNF263 zinc finger structural domain (Fig. 3E). To confirm this interaction,
direct binding of ZNF263 to the STAT3 promoter region was further demonstrated by ChIP analysis (Fig. 3F).
To validate the functional impact of this interaction, constructs expressing the STAT3 promoter and pCMV-
ZNF263 were co-transfected into cells and the luciferase activity was assessed. The findings revealed a significant

Scientific Reports |

(2024) 14:21827 | https://doi.org/10.1038/s41598-024-72636-0 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

ZNF263 expression

Clinicopathological variables | Number (n=644) | Low (322) | High (322) | P-value
Age, years 0.111
<65 276 368 148

>65 368 194 174

Gender 0.813
Male 343 173 170

Female 301 149 152
AJCC stage 0.029*
Tand IT 349 190 159

IIand IV 274 125 149

T stage 0.970
T1and T2 131 65 66

T3 and T4 510 254 256
N stage 0.025*
NoO 368 198 170

N1 and N2 272 122 150

M stage 0.009**
MO 475 248 227

M1 89 33 56

Lymphatic invasion 0.787
Yes 232 116 116

No 350 179 171

Perineural invasion 0.440
Yes 60 25 35

No 175 83

Table 2. Relationship between ZNF263 expression and clinicopathologic parameters in 644 colorectal cancer
patients in the TCGA database. AJCC American Joint Committee on Cancer. **P < 0.01, *P < 0.05.

increase in luciferase activity in cells transfected with the STAT3 promoter (Fig. 3G). These outcomes indicate
that ZNF263 binds directly to certain sites on the STAT3 promoter, leading to the transcriptional activation of
subsequent gene expression.

ZNF263 promotes CRC cell proliferation and migration by upregulating STAT3

To investigate the effects of the ZNF263-STAT3 axis on CRC cell biology, rescue experiments were conducted.
First, the STAT3 knockdown model was constructed in the SW480 cell line that stably overexpressed ZNF263;
then, the STAT3 overexpression model was constructed in the HCT116 cell line that stably knocked down
ZNF263. Subsequently, the changes in the protein expression levels of STAT3 after overexpression or knockdown
were detected and verified by Western blotting (Fig. 4A, S3H and S3I). Subsequent functional assays, including
CCK-8, EdU and colony formation rescue assays, demonstrated that STAT3 knockdown significantly inhibited
the proliferative ability of SW480 cells. Conversely, STAT3 overexpression significantly restored the proliferative
ability of HCT116 cells (Fig. 4B-D). Furthermore, Transwell and Western blotting assays revealed that STAT3
knockdown significantly inhibited the invasion, migration and EMT abilities of SW480 cells, while STAT3
overexpression significantly restored these abilities in HCT116 cells (Fig. 4E-G, S3] and S3K). These findings
collectively suggest that ZNF263 promotes the malignant behavior of CRC by binding and activating STAT3.

ZNF263 increases the resistance of CRC cells to CRT

At present, in addition to surgery, the two main conventional treatments for CRC are chemotherapy and
radiotherapy. However, the development of therapeutic resistance imposes a limitation on the effectiveness of
these treatments. To gain an insight into this issue, a series of comparative experiments were conducted to analyze
the effects of ZNF263 on the viability and colony formation ability of cells under different doses of radiation and
cisplatin treatments. The results indicated that the viability and colony formation capacity of SW480 cells when
exposed to irradiation (Fig. 5A and B) or cisplatin (Fig. 5C and D) treatments, were significantly increased due
to overexpression of ZNF263.These findings collectively demonstrate the critical regulatory function of ZNF263
in the chemoresistance of CRC cells.

Discussion

In the present study it was demonstrated that ZNF263 expression was significantly increased in CRC, which
was verified using data from TCGA database and collected CRC samples. Furthermore, it was shown that high
expression of ZNF263, a transcription factor, was closely associated with tumor grade, lymph node metastasis
and distant metastasis in patients with CRC. The overexpression of ZNF263 was also found to promote the
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Fig. 2. ZNF263 significantly promotes the proliferation, invasion and migration of colorectal cancer cells.
(A) ZNF263 protein expression in SW480 and HCT116 cells. The proliferation of SW480 and HCT116 cells
was assessed using (B) Cell Counting Kit-8, (C) EdU and (D) colony formation assays. The (E) invasion and
(F) migration abilities of SW480 and HCT116 cells were evaluated using Transwell assays. (G) The protein
expression level of E-calmodulin, N-calmodulin, Vimentin and Snail in SW480 and HCT116 cells was
determined by western blotting. Experiments were repeated at least three times and data are presented as the
mean + SD. **P<0.01, ****P <0.0001. ZNF263, zinc finger protein 263.
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Fig. 4. ZNF263 promotes CRC cell proliferation and migration by upregulating STAT3. (A) The expression

of STAT3 protein in SW480 and HCT116 cells. The proliferation of SW480 and HCT116 cells was assessed
using (B) Cell Counting Kit-8, (C) EAdU and (D) colony formation assays. The (E) invasion and (F) migration
abilities of SW480 and HCT116 cells was analyzed using Transwell assays. (G) Western blotting was used to
analyze the effect of STAT3 on the protein expression level of E-calmodulin, N-calmodulin, Vimentin and
Snail in SW480 and HCT116 cells. Experiments were repeated at least three times and data are presented as the
mean +SD. **P<0.01, ***P<0.001, ***P<0.0001. ZNF263, zinc finger protein 263; STAT3, signal transducer
and activator of transcription 3.
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Fig. 5. ZNF263 increases the resistance of colorectal cancer cells to chemoradiotherapy. (A) The proliferative
capacity of irradiated SW480 and HCT116 cells was assessed using the CCK-8 assay. (B) Representative images
and quantification of the colony formation of SW480 and HCT116 cells exposed to varying doses of X-ray
radiation. (C) The survival of SW480 and HCT116 cells treated with different concentrations of cisplatin was
evaluated using the CCK-8 assay. (D) Representative images and quantification of the colony formation of
SW480 and HCT116 cells treated with varying doses of cisplatin. Experiments were repeated at least three
times and data are presented as the mean + SD. *P < 0.05, **P < 0.01, ***P <0.0001. ZNF263, zinc finger
protein 263; CCK-8, Cell Counting Kit-8.
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proliferation, invasion, migration and EMT of CRC cells, while increasing STAT3 expression and mRNA
stability. By contrast, knockdown of ZNF263 inhibited the malignant behavior of CRC cells and decreased STAT3
expression and mRNA stability. Moreover, the effects of ZNF263 on CRC cells could be significantly reversed
by overexpressing or knocking down STAT3. Further experiments in the present study showed that ZNF263
also promoted the resistance of CRC cells to CRT. The aforementioned results were validated through the use of
TCGA database and CRC samples collected in the present study, combined with in vitro cellular experiments
and molecular biology techniques to ensure the reliability and validity of the findings. The high expression of
ZNF263 in CRC observed in the present study and its regulatory effect on STAT3 enhances the understanding
of the mechanisms underlying CRC development. These results align with certain previous studies and also
suggest new research directions>!?, such as further exploration of the molecular mechanism underpinning the
interaction between ZNF263 and STAT3, as well as the potential of ZNF263 as a therapeutic target for CRC.

ZNF263 has been identified as an oncogene in various cancer types and is critical in promoting malignant
biological processes, including cell proliferation, apoptosis resistance, migration and invasion®!%22. A previous
study has demonstrated that ZNF263 regulates the circular FOXP1 RNA/miRNA-423-5p/U2 small nuclear RNA
auxiliary factor 2 axis, promoting the proliferation, migration and invasion of renal cancer cell®. Moreover, it
has been reported that ZNF263 activates RNF126 to promote proliferation and EMT in pancreatic cancer!!.
Despite these findings, to the best of our knowledge, research has not yielded significant information regarding
the role of ZNF263 in CRC. This study suggests that ZNF263 serves a pivotal role in the malignant progression
of CRC. This is consistent with the known functions of ZNF263 in other cancer types, further underscoring its
importance as an oncogene. However, unlike previous studies, the present study emphasized the specific impact
of ZNF263 in CRC, suggesting a potential mechanism by which ZNF263 promotes the malignant progression of
CRC by binding and activating STAT3.

STAT proteins have essential roles in cancer proliferation, invasion and migration?*?*. Among these proteins,
the aberrant activation of STAT3 is particularly associated with these processes, making it a potential therapeutic
target?>26. One of the main factors contributing to the poor survival prognosis of patients with CRC is the
increased expression of STAT3 in cancer cells. This elevated STAT3 expression level can also be utilized as a
diagnostic tool for patients with cancer?. It has also been confirmed that the occurrence and development of
CRC are significantly linked to STAT3?%. Moreover, increased STAT3 expression levels have been associated with
metastasis and drug resistance in patients with CRC!®?, as well as with autophagy and apoptosis resistance!>*.
STAT3 also promotes CRC cell proliferation by stimulating glycolysis and facilitates metastasis by inducing
EMT?! These findings underscore that STAT3 may have a crucial role in promoting cancer progression in
CRC. However, the precise mechanisms underlying STAT3 dysregulation in CRC remain unclear. The present
study addressed this gap by demonstrating that STAT3 is a binding target of ZNF263. Specifically, it was found
that ZNF263 activates STAT3 expression by binding to its promoter region. In the present study, inhibition of
STAT3 significantly suppressed ZNF263-mediated CRC proliferation, invasion, migration and EMT, whereas
overexpression of STAT3 reversed the effects induced by downregulation of ZNF263. These results suggest that
ZNF263 serves a pivotal role in CRC progression through the modulation of STAT3, highlighting the potential
of targeting the ZNF263-STAT?3 axis as a therapeutic strategy in CRC.

The use of platinum-based drugs in chemotherapy for patients with CRC is crucial, but its effectiveness
is limited by resistance®. This resistance presents a significant obstacle to treatment. The initial treatment
for patients with advanced or metastatic CRC is a combination therapy, which includes cisplatin, one of the
most widely used antitumor drugs. However, the efficacy of cisplatin is also compromised by resistance. A
previous study has demonstrated that ZNF263 increases the resistance of HCC to chemotherapy by activating
the endoplasmic reticulum stress-related autophagy mechanism!?. Additionally, ZNF263 has been shown to
cooperate with ZNF31 to promote drug resistance in pancreatic cancer through trans-activation of RNF126 1.
In the present study, it was confirmed that ZNF263 also promotes cisplatin resistance in CRC cells, consistent
with the aforementioned findings. Specifically, the experimental results showed that CRC cells with elevated
ZNF263 levels exhibited higher resistance to cisplatin treatment. These findings suggest that ZNF263 has a
crucial role in mediating chemotherapy resistance across different cancer types, including CRC. However, the
exact mechanism by which ZNF263 promotes cisplatin resistance in CRC remains unclear. Understanding the
molecular pathways and key interactions involved in ZNF263-mediated resistance is crucial for developing
targeted therapies to enhance chemotherapy sensitivity and improve treatment outcomes for CRC patients.

There are certain limitations to the present study that should be noted. First, a detailed explanation for how
ZNF263 contributes to the resistance of CRC to CRT was not elucidated. Second, there are differences in the
use of radiotherapy in clinical CRC treatment. In the treatment of rectal cancer, radiotherapy is usually used
for preoperative neoadjuvant therapy to reduce tumor size and decrease the risk of postoperative recurrence;
postoperative radiotherapy may also be used to manage incompletely resected lesions. However, for colon
cancer, the use of radiotherapy is relatively rare and is mainly focused on the treatment of locally recurrent or
metastatic cases. In addition, the present study did not include animal experimental validation. Including in vivo
experiments would significantly strengthen the relevance of the findings of the present study and facilitate their
translation into clinical applications. Although the results of the present study suggest that targeting ZNF263
could be a theoretical basis for treating patients with CRC who are resistant to CRT, this hypothesis remains to
be tested in clinical settings. The lack of clinical data means that the direct applicability of the study findings to
patient treatment remains uncertain. Addressing these limitations in future research will be crucial for enhancing
the understanding of the role of ZNF263 in CRT resistance.

ZNF263 is a highly specific and multifunctional protein that can precisely regulate the expression of specific
genes and other biological processes, making it a potential therapeutic target in cancer therapy'’. Despite its
potential, there are significant challenges in achieving specificity in drug design and ensuring effective delivery
to the nucleus. One major challenge is the precise delivery of ZNF263-targeted drugs to the nucleus of cancer
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cells. However, continuous technological advances offer promising solutions. For instance, the development
of nanotechnology can improve the delivery efficiency and specificity of ZNF263-targeted therapies by
encapsulating the drugs in nanoparticles that can specifically target cancer cells and release their payload within
the nucleus®>**. Furthermore, gene editing technologies, particularly those based on the CRISPR-Cas9 system,
hold great promise for precisely regulating ZNF263 expression®”. This technology can be used to edit the genome
at specific locations, potentially allowing for the targeted activation or suppression of ZNF263 in cancer cells,
thereby improving therapeutic efficacy™®. As these technologies develop, the clinical application of ZNF263 as
a targeted drug in personalized therapy becomes increasingly feasible. The potential mechanisms of ZNF263 in
cancer treatment include inhibiting tumor cell proliferation and metastasis by regulating the STAT3 pathway
and enhancing the sensitivity of cancer cells to CRT. These strategies provide new therapeutic options in the
field of cancer treatment, which are expected to notably improve the prognosis and quality of life of patients
with CRC.

In summary, the findings of the present study revealed that ZNF263 was highly expressed in CRC tissues and
its overexpression promoted CRC cell progression through STAT3 activation. Conversely, downregulation of
STAT3 significantly suppressed ZNF263-mediated CRC cell progression. Furthermore, ZNF263 enhanced CRC
cell resistance to CRT. In conclusion, the present study identified a pivotal role of ZNF263 in CRC progression
and resistance to treatment, suggesting that targeting ZNF263 could be a promising strategy for developing more
effective therapeutics for CRC. Future research should focus on the mechanisms underlying the ZNF263 and
STAT3 interaction and explore the potential clinical applications of ZNF263 inhibitors in CRC therapy.
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