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Abstract: Objective: This study aimed to investigate the mechanism underlying the role of Zinc finger protein 710 
(ZNF710) in gastric cancer (GC). Methods: The level of ZNF710 expression in GC and its prognosis were examined 
based on the public databases and clinical samples. Cell models of lentivirus-mediated overexpression (oeZNF710) 
and knockdown (shZNF710) of ZNF710 were developed on the AGS and HGC-27 GC cell lines. The biological behav-
iors of these cells were analysed systematically, comprising proliferation (as measured by CCK-8 assay and plate 
cloning experiment), apoptosis (measured by flow cytometry), and migration (measured by Transwell assay). To 
confirm the expression of the main proteins of the Wnt/β-catenin system, western blotting analysis was conducted. 
Besides, functional rescue experiments of Wnt signaling agonist SKL2001 and Wnt signaling inhibitor XAV939 were 
performed. The in vivo activity of ZNF710 was tested in a nude mouse subcutaneous xenograft model. Results: 
The expression of ZNF710 was significantly increased in GC tissues and cell lines compared to standard controls, 
whereas high levels of ZNF710 were associated with a poor prognosis in GC patients. ZNF710 knockdown of HGC-
27 cells significantly reduced cell proliferation, migration, and invasion and increased apoptosis. On the contrary, 
overexpression of ZNF710 in AGS cells produced the reverse effects. Mechanistically, ZNF710 overexpression in-
creased the expression of Wnt/β-catenin pathway-related regulatory proteins, and ZNF710 knockdown reduced 
their expression. Conclusion: ZNF710 is highly expressed in GC and promotes GC cell proliferation, migration, and 
invasion while inhibiting apoptosis by activating the Wnt/β-catenin pathway, suggesting it may serve as a potential 
therapeutic target for GC.
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Introduction

Gastric cancer (GC) ranks as the fifth most 
prevalent malignancy globally [1]. High-inci- 
dence regions for GC include East Asia and 
Eastern Europe [2]. Common risk factors for GC 
mainly include dietary habits, family history, EB 
virus infection, Helicobacter pylori infection, 
and smoking [3-5]. Unfortunately, symptoms of 
GC are not prominent in the early stages, and 
they are often diagnosed in the advanced stag-
es, resulting in a poor prognosis [6]. Surgical 

treatment, especially D2 lymph node dissec-
tion, is the main treatment method for GC; how-
ever, its success rate is limited. The other 
modalities of treatment have demonstrated 
limited effect in patients with advanced GC as 
well [7]. Thus, the discovery of novel specific 
tumour biomarkers or functional proteins is of 
great significance in the diagnosis, prevention, 
and therapy of GC in its early stage.

Zinc finger proteins are key components in the 
regulation of gene expression and affect many 
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critical biological processes within cells [8, 9]. 
Zinc finger proteins are extensively involved in 
diverse biological functions within the body, 
including transcriptional regulation, RNA bind-
ing, interactions between proteins, DNA recom-
bination and repair, and cell cycle regulation 
[10]. Zinc finger protein 710 (ZNF710) is a mem-
ber of the zinc finger protein family, which plays 
an important role in tumor activity [11-13]. 
Previous studies have confirmed the role of 
ZNF710 in regulating the activity of renal can-
cer cells [14]. In GC, immune-related lncRNA 
ZNF710-AS1-201 facilitates the metastasis 
and invasion of GC cells [15]. Notably, the spe-
cific role and underlying molecular mechanism 
of ZNF710 in GC have not been systematically 
investigated.

Zinc finger proteins are closely related to some 
canonical signaling pathways, typically regulat-
ing downstream pathways through molecular 
interactions to alter the biological characteris-
tics of tumor cells. The Wnt signaling pathway is 
one such example [16]. The classical Wnt path-
way, Wnt/β-catenin, is closely related to the 
progression of a variety of tumors [17]. For GC, 
Wnt/β-catenin has been confirmed to be 
involved in the process of autophagy, ferropto-
sis and many other life activities of GC cells [18, 
19]. Moreover, Wang Y et al. also found that 
Wnt/β-catenin was related to chemotherapy 
resistance of GC [20].

In this study, we innovatively propose that 
ZNF710 regulates multiple biological character-
istics of GC through the Wnt/β-catenin path-
way. Firstly, we determined the aberrant expres-
sion of ZNF710 in GC through public databases 
and a variety of basic experimental approach-
es. Subsequently, ZNF710 was overexpressed 
or knocked down in GC cells to observe the 
effect of ZNF710 on the cell biological behavior 
of GC. Furthermore, we hypothesized and vali-
dated the role of ZNF710 in the Wnt/β-catenin. 
Finally, we designed retrospective experiments 
and in vivo experiments, and combined both 
approaches to validate our conclusions.

Materials and methods

Clinical samples

Shanghai General Hospital’s Department of 
Gastrointestinal Surgery provided 10 pairs of 
cancer and paracancerous tissues from GC 
patients. All patients had not undergone che-

motherapy or neoadjuvant therapy prior to sur-
gery, and the pathological reports were con-
firmed post-surgery. This study was reviewed 
and approved by the Ethics Committee of 
Shanghai General Hospital.

Cell culture and treatments

The Gastrointestinal Surgery Laboratory of 
Shanghai General Hospital supplied the cell 
lines required for this study, which included 
human normal gastric epithelial cells (GES-1) 
and human gastric cancer cells (AGS, MKN-28, 
and HGC-27). All cell lines used in the study 
were authenticated via short tandem repeat 
(STR) profiling. The cells were cultured in RPMI-
1640 medium (BIOAGRIO, Shanghai, China) at 
37°C in 5% CO2.

Following transduction of the lentivirus for 16 h, 
puromycin was used to select transduced 
ZNF710 lentiviral overexpression (oeZNF710) 
and shRNA plasmids and vectors (shZNF710) 
cell lines, thereby establishing cell lines with 
stable expression.

In the present study, SKL2001 (Wnt activator) 
was used to increase the activity of the Wnt/β-
catenin in GC cells (HGC-27 cells were treated 
with 40 μM SKL2001 for 24 h). While XAV939 
(Wnt inhibitor) was used to decrease the activi-
ty of the Wnt/β-catenin in GC cells (AGS cells 
were treated with 10 μM XAV939 for 48 h).

Western blotting

Proteins were extracted from cells or tissues 
via RIPA buffer. The samples were transferred 
to polyvinylidene fluoride (PVDF) membrane by 
10% SDS-PAGE electrophoresis. Membranes 
were incubated with the first antibody [ZNF710 
(1:1000, #bs-4373R Bioss, Beijing, China), 
Wnt-1 (1:1000, #27935, Proteintech, CHI,  
USA), β-catenin (1:1000, #8480, CST, MA, 
USA), c-Myc (1:1000, #5605, CST), Cyclin D1 
(1:1000, #55506, CST), β-actin (1:2000, Pro- 
teintech)] overnight, and the secondary anti-
body (1:10000) was added the next day.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was extracted by TRIzol (Thermo 
Fisher, Shanghai, China) and reverse tran-
scribed according to kit instructions to obtain 
cDNA. This was followed by qRT-PCR analysis 
(Table 1).
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CCK-8 assay

Cells were seeded in 96-well plates (3 × 103 
cells/well) for 24 h. The absorbance value (450 
nm) was detected by microplate reader.

Transwell migration assay

Resuspend the cells in 200 μl serum-free medi-
um and seed them into the upper transwell 
chamber. Add a total of 600 μl of medium con-
taining 10% FBS to the lower chamber. After 24 
h of incubation, the transmembrane cells were 
fixed. Remove the paraformaldehyde solution, 
stained with 0.1% crystal violet for 10 min. 
Count the number of migrating cells in five dif-
ferent fields of view under an inverted micro-
scope and take the average for comparison of 
the migration ability between different treat-
ment groups.

Wound healing assay

The cells were seeded in a 24-well plate. A 
scratch area was constructed at the center of 
the plate using the tip of a 200 μl sterile pipette. 
Cell migration was calculated using ImageJ 
software.

Plate cloning experiment

Cells were inoculated in 6-well plates, and they 
must be adequately mixed to prevent the for-
mation of cell clumps. Before placing the plate 
in the cell culture incubator, an 8-figure motion 
was used to distribute the cells evenly. After the 
occurrence of visible colonies in the six-well 
plate, end the culture. To quantify colony forma-
tion, remove the culture medium, and then add 
1 mL of paraformaldehyde to each well and 
incubate for 20 min, stained with crystal violet. 
Subsequently, collect images and observe and 
quantify the number of visible colonies on the 
plate using ImageJ software.

Flow cytometric apoptosis assay

The cells (5 × 105) were digested, centrifuged, 
and resuspended in 300 µL of 1 × binding buf-

fer. Annexin V-fluorescein isothiocyanate (An- 
nexin V-FITC) and propidium iodide (PI) (Absin, 
Shanghai, China) were added sequentially. The 
apoptosis rate was detected by flow cytometry.

Flow cytometric cell cycle progression assay

Cells were seeded into 6-well plates and col-
lected when they were in the logarithmic growth 
phase. The collected cells were washed with 
cold PBS twice and fixed in 95% ethanol for 24 
h. The next day, 1 mg/mL PI dye was added for 
staining. Cell cycle was detected by flow cytom-
etry. To further quantitatively assess cell prolif-
eration activity, the Proliferation Index (PI, dis-
tinct from the PI dye used for staining) was cal-
culated based on the phase distribution results. 
The Proliferation Index reflects the proportion 
of cells in proliferative phases (S and G2/M) 
relative to the total cell population.

GSEA-KEGG enrichment analysis

Using transcriptomic data from 415 primary 
tumor samples of TCGA-STAD database. Sam- 
ples were stratified into ZNF710-high (n=208, 
expression > median) and ZNF710-low (n=207, 
expression ≤ median) groups; each gene’s log2 
fold change (log2FC, ZNF710-high vs. low) was 
calculated using mean TPM values (set to ≥ 
0.00001 to avoid errors), and genes were pre-
ranked by descending log2FC. GSEA was imple-
mented via the GSEA function in clusterProfiler 
package, with the MSigDB KEGG gene set (P < 
0.05 considered significant).

Nude mouse xenograft model

Each BALB/c nude mouse (4-6 weeks) was 
injected subcutaneously with 5 × 106 GC cells 
from different treatment groups [purchased 
from Jiangsu Hengfengqiang Biotechnology 
Co., LTD., Animal use license number: SYXK 
(Su) 2024-0023]. After 3 weeks, the mice were 
euthanized by carbon dioxide (CO2) inhalation 
(a special CO2 euthanasia box was used, and 
the mice were placed into the box. The CO2 con-
centration was slowly increased to 20% within 

Table 1. The sequences of the primers used for qRT-PCR
Gene Forward primer (5’-3’) Reverse primer (5’-3’)
ZNF710 AGTGTGACAAGTCCTTCCACTACC GGTGGTGAATCTGGCTGAACTC
ACTIN CACCATTGGCAATGAGCGGTTC AGGTCTTTGCGGATGTCCACGT
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the initial 30 s, and then gradually increased to 
30-50% within 5-10 min. When complete ces-
sation of respiratory movement and pupil dila-
tion were observed, the CO2 concentration was 
maintained for at least 1 minute to ensure 
brain death), and the intact subcutaneous 
tumor tissue was removed. To compare the 
effects of different treatments on tumor growth, 
we measured tumor volume every five days and 
weighed tumors at the end of the experiment. 
The experiment was reviewed and approved by 
the Animal Care Committee of Shanghai 
General Hospital. The maximum tumor burden 
allowed by the animal ethics Committee of our 
hospital was 5% of the body weight of the ani-
mal, and all tumor mentions in this study met 
this criterion.

Immunohistochemical staining

Tumor tissue sections of nude mice were made. 
The antigen was retrieved at high temperature, 
and the primary antibody was incubated over-
night with ZNF710 (1:200, #bs-4373R Bioss, 
Beijing, China) and Ki-67 (1:500, #GB111141, 
Servicebio, Wuhan, China) antibodies after 
blocking. The next day, the corresponding sec-
ondary antibody (#G1302, Servicebio, Wuhan, 
China) was incubated for 1 hour, followed by a 
chromogenic reaction using diaminobenzidine 
(DAB), and finally dehydrated and visualized 
with a microscope.

Statistical analysis

In this study, data were expressed as mean ± 
standard deviation (SD) for normally distributed 
continuous variables. The data were analyzed 
via GraphPad Prism 10 (GraphPad Software, 
MD, USA). Student’s t test and one-way ANOVA 
were used for data analysis. Significant differ-
ences are indicated as follows: ns = not signifi-
cant, *P < 0.05, **P < 0.01, ***P < 0.001, and 
****P < 0.0001.

Results

Clinical significance of ZNF710 in GC

The results of Gene Expression Profiling 
Interactive Analysis (GEPIA2) indicated that 
ZNF710 was upregulated in GC (Figure 1A). 
Additionally, data from the TCGA database 
revealed that the transcriptional levels of 
ZNF710 were significantly greater in 415 GC tis-

sues than in 34 nontumor gastric tissues 
(Figure 1B). The expression of ZNF710 in GC 
patients with different clinical parameters was 
analyzed via the UALCAN database. In addition, 
ZNF710 was elevated with tumor progression 
(Figure 1C). On the basis of the analysis of indi-
vidual cancer stages, the expression of ZNF710 
significantly differed across stages 1, 2, and 3 
(Supplementary Figure 1A). Additionally, the 
results suggest that elevated expression of 
ZNF710 could be linked to lymph node metas-
tasis (Supplementary Figure 1B). We subse-
quently validated the expression level of 
ZNF710 in the GEO database (GSE54129, 
GSE33335, and GSE27342) and found that its 
high expression in GC was statistically signifi-
cant (Figure 1D, Supplementary Figure 1C, 1D).

Chromosome 15, where ZNF710 is located, 
shows a high GISTIC score, suggesting that the 
increase in copy number in this region may be 
related to the occurrence and development of 
GC and high expression of ZNF710 (Figure 1E). 
In GC, the 25% of samples with the highest 
expression of ZNF710 presented greater pro-
portions of genomic changes, loss, and acquisi-
tion (Supplementary Figure 1E). In GC, a 
Spearman rank correlation coefficient of 0.35 
was observed between the Gistic2-corrected 
copy number scores of ZNF710 and its corre-
sponding mRNA expression levels, with a p 
value of 1.7e-13, indicating a significant posi-
tive correlation between these variables (Figure 
1F). We further performed copy number spec-
troscopy (CNS) via a genome-wide microarray 
at the TCGA Genomic Characterization Center. 
The Gistic2 algorithm was subsequently applied 
through the TCGA FIREHOSE pipeline to gener-
ate copy number estimates at the gene level. 
The results revealed an overall increasing trend 
in ZNF710 expression levels, ranging from 
homozygous deletion to high copy number 
amplification (Figure 1G).

The expression levels of ZNF710 were signifi-
cantly lower in samples with the Microsatellite 
Instability (MSI)-High subtype than in those 
with the MSI-Low and Microsatellite Stable sub-
types (Figure 1H). Survival analysis showed 
that the overall survival (OS), progression-free 
survival (PFS) and post-progression survival 
(PPS) of GC patients with elevated expression 
of ZNF710 were poor, and all P values were less 
than 0.05 (Figure 1I-K).
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ZNF710 is upregulated in GC

ZNF710 exhibited a significantly increased 
expression profile in GC tissues when contrast-

ed with normal tissues (Figure 2A-E). Relative 
to the GES-1 cell line, MKN-28 and HGC-27 
cells displayed notably higher ZNF710 expres-
sion levels, with HGC-27 cells demonstrating 

Figure 1. ZNF710 is overexpressed and associated with poor prognosis in GC patients. A. The Gene Expression 
Profiling Interactive Analysis (GEPIA2) database was utilized to investigate the expression levels of ZNF710 in GC. B. 
Analysis of ZNF710 expression levels in normal (n=34) and tumor (n=415) tissues in the TCGA database. C. ZNF710 
expression levels were compared across patient groups with different tumor grades via the UALCAN database. D. 
ZNF710 expression in GC was further validated via the GEO database (GSE54129). E. Copy number variations in the 
genomes of 441 samples in the TCGA-STAD project. F. Spearman correlation between the CNV score and ZNF710 
expression level. G. ZNF710 expression in different copy number variation subtypes. H. ZNF710 expression levels in 
different MSI subgroups of TCGA-STAD samples. I-K. The KM plotter database was used to investigate the prognostic 
impact of high ZNF710 expression on the overall survival (OS), progression-free survival (PFS) and post-progression 
survival (PPS) in patients with GC.
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the peak expression and AGS cells showing the 
lowest level among these cell lines (Figure 
2F-H).

ZNF710 promotes proliferation and migration 
of GC

For further research, the AGS cell line, with rela-
tively low ZNF710 expression, was used to con-
struct an overexpression cell line for investiga-
tive purposes. Conversely, the HGC-27 cell line, 
which presented the highest expression of 
ZNF710, was selected to establish a stable 
ZNF710 knockdown cell line. Western blotting 
and qRT-PCR validation results demonstrate 
that ZNF710 expression was significantly in- 
creased in the oeZNF710 group compared to 
the oeNC group (Supplementary Figure 2A-C). 
Compared with the shNC group, the expression 
of ZNF710 in the shZNF710 groups was signifi-

cantly lower (Supplementary Figure 2D-F). 
Given the most pronounced knockdown effect 
of shZNF710-1, it was selected for subsequent 
functional studies.

Compared with the oeNC group, ZNF710 over-
expression enhanced the proliferation of AGS 
cells (Figure 3A), whereas knockdown of 
ZNF710 significantly inhibited the proliferative 
capacity of HGC-27 cells (Figure 3B). Similarly, 
overexpression of ZNF710 promoted colony for-
mation in AGS cells (Figure 3C, 3D), whereas 
downregulation of ZNF710 restricted colony 
formation in HGC-27 cells (Figure 3E, 3F). 
These results indicate that ZNF710 contributes 
to the proliferation of GC cells.

Compared with the control group, ZNF710 over-
expression increased the invasive and migra-
tory capabilities of AGS cells, whereas ZNF710 

Figure 2. ZNF710 is upregulated in GC tissues and cell lines. (A, B) Representative images and analysis of ZNF710 
immunohistochemical staining in 10 pairs of GC tissues and paracancerous tissues (scale bars: 100 µm, magnifica-
tion: 200×). The relative levels of ZNF710 protein expression and mRNA transcripts in clinical human GC tissues 
and corresponding paracancerous tissues were analyzed by western blotting (C, D) and qRT-PCR (E), respectively 
(n=10). Relative levels of ZNF710 protein expression and mRNA transcripts in normal human epithelial cells and in 
three human GC cell lines, as determined by Western blotting (F, G) and qRT-PCR (H).
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Figure 3. ZNF710 promotes proliferation and migration of GC. CCK-8 assay (A, B) and plate cloning experiment (C-F) 
were used to detect the proliferation ability of GC cells. Transwell migration assay (G-J, scale bars: 100 µm, magni-
fication: 200×) and wound healing assay (K-M, scale bars: 100 µm, magnification: 100×) were used to detect the 
migration ability of GC cells.
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downregulation markedly inhibited the invasive 
and migratory abilities of HGC-27 cells (Figure 
3G-M).

ZNF710 inhibits apoptosis and promotes cell 
cycle progression in GC

Apoptosis analysis indicated that AGS cells 
transfected with oeZNF710 displayed a re- 
duced apoptotic rate compared to the oeNC 
control group, while a converse trend was 
observed between the shZNF710 and shNC 
groups in HGC-27 cells (Figure 4A-D). Relative 
to shNC controls, ZNF710 knockdown signifi-
cantly elevated the percentage of cells in  
the G0/G1 phase and diminished the propor-
tion of S phase and G2M phase cells, with 
ZNF710 overexpression yielding opposing 
effects (Figure 4E-H).

ZNF710 promotes GC by activating the Wnt/β-
catenin pathway

After GSEA-KEGG enrichment analysis of the 
TCGA data, we observed that upregulation of 
ZNF710 resulted in significant enrichment of 
the cell cycle and Wnt signaling pathway (Figure 
5A). To visualize the expression pattern of Wnt 
pathway genes in association with ZNF710, we 
generated a heatmap of Wnt signaling-related 
genes in the TCGA cohort, stratified by ZNF710-
high and ZNF710-low subgroups (Figure 5B). 
The heatmap clearly showed that core compo-
nents of the Wnt/β-catenin pathway - including 
Wnt1, β-catenin, c-Myc, and Cyclin D1 - exhibit-
ed markedly higher expression in the ZNF710-
high subgroup compared to the ZNF710-low 
subgroup. Moreover, by calculating and analyz-
ing the Pearson correlation coefficients be- 
tween genes in the TCGA dataset, the expres-
sion of ZNF710 was found to be positively cor-
related with the expression of Ki-67 and 
β-catenin (Figure 5C). Western blotting results 
revealed that ZNF710 overexpression signifi-
cantly increased the protein expression of Wnt-
1, β-catenin, c-Myc, and Cyclin D1 in AGS cells, 
whereas downregulation of ZNF710 decreased 
the expression of these proteins in HGC-27 
cells (Figure 5D, 5E).

We hypothesize that if Wnt agonists can reverse 
the previously observed effects of ZNF710 
knockdown on cell proliferation and cell cycle 
progression, this would substantiate the posi-
tive regulatory role of ZNF710 on the Wnt/β-

catenin. The results of the CCK-8 assay and 
plate cloning experiment revealed that the pro-
liferative ability of shZNF710-HGC-27 cells 
treated with the Wnt signaling pathway agonist 
SKL2001 was restored (Figure 5F-H) while the 
proportion of cells in the S phase and G2M 
phase was increased (Figure 5I-K). To further 
validate this mechanism, AGS cells in the 
oeZNF710 and oeNC groups were treated with 
the Wnt signaling pathway inhibitor XAV939 to 
investigate whether it could reverse the effects 
on cell proliferation and cell cycle progression. 
The results of CCK-8 assay and colony forma-
tion assay showed that the proliferative capac-
ity of oeZNF710-AGS cells treated with XAV939 
was inhibited (Supplementary Figure 3A-C), and 
the proportion of cells in the S phase and G2M 
phase was decreased (Supplementary Figure 
3D-F).

ZNF710 promotes GC growth in vivo

Tumors in the oeZNF710 group had larger vol-
umes compared to the oeNC group. (Figure 
6A-C), whereas the tumors in the shZNF710 
group were smaller than those in the shNC 
group. Moreover, the tumors formed by 
SKL2001-treated cells were larger than those 
formed by the control cells (Figure 6D-F). The 
results of immunohistochemistry demonstrat-
ed that Ki-67 expression was greater in the 
oeZNF710-AGS group than in the oeNC-AGS 
group (Figure 6G), and the opposite was true 
for shZNF710-HGC-27 cells (Figure 6H). 
Furthermore, upon treatment with SKL2001, 
the expression of Ki-67 significantly increased. 
Thus, ZNF710 promotes the growth and pro- 
liferation of GC cells in vivo through the 
Wnt/β-catenin.

Discussion

In recent years, the association between zinc 
finger proteins and GC has attracted wide 
attention in the world, involving cellular immune 
cell infiltration, DNA methylation patterns and 
other aspects [21-25]. However, the specific 
mechanisms by which ZNF710 influences can-
cer development remain unclear. Therefore, we 
specifically investigated the downstream mech-
anisms by which ZNF710 promotes GC develop-
ment, and we have indeed found evidence 
demonstrating that ZNF710 enhances GC pro-
gression by enhancing the Wnt/β-catenin in 
this study.
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Figure 4. ZNF710 inhibits apoptosis and promotes cell cycle progression in GC. A-D. The apoptosis rates of AGS and 
HGC-27 cells were detected via flow cytometry. E-H. Cell cycle progression of AGS and HGC-27 cells was detected 
by flow cytometry. 
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Figure 5. ZNF710 promotes GC by activating the Wnt/β-catenin pathway. A. GSEA-KEGG enrichment analysis of TCGA data. B. Heatmap showed the expression 
profile of Wnt signaling pathway-related genes in the ZNF710-high and ZNF710-low groups. C. Correlations between ZNF710 and Ki-67 and β-catenin mRNA expres-
sion in the TCGA dataset. D, E. Western blotting was used to analyze the expression of Wnt-1, β-catenin, and cyclin-related proteins proteins (c-Myc and cyclin D1) in 
oeZNF710 cells and shZNF710 cells. F-H. The restoration of HGC-27 cell proliferation capacity induced by SKL2001 was analyzed via CCK-8 assay and plate cloning 
experiment. I-K. Changes in the cell cycle progression of HGC-27 cells following treatment with SKL2001 were detected by flow cytometry.
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In previous studies on zinc finger proteins, 
researchers identified differentially expressed 
genes, including those of the zinc finger family, 
via the use of public databases and visualized 
them via Venn diagrams and heatmaps [26]. In 
the bioinformatics section of our study, we per-
formed a comprehensive analysis of ZNF710 
using multiple public databases. Our analysis 
focused on expression levels and patient prog-
nosis, leading to the conclusion that ZNF710 is 
highly expressed in GC.

High mortality rates among cancer patients are 
primarily attributed to the invasive and meta-
static properties of tumors. The members of 
the zinc finger protein family, including ZNF521 
and ZNF460 appear to be the primary contribu-
tors to the malignancy of GC by influencing its 
proliferation and migration [27, 28]. In our 
study, multiple functional experiments further 
revealed that ZNF710 promotes the prolifera-
tion and migration of GC. Provided that the 
increased tumour migration ability provided by 
ZNF710 can be successfully suppressed, this 
will probably result in a favourable patient prog-
nosis and survival rates. Therefore, downregu-
lating ZNF710 can prevent GC.

Tumour cells, in comparison to normal cells, 
tend to lose control of their cell cycle, and cell 
cycle arrest is a newer approach towards treat-
ment [29, 30]. In our study, we found that the 
cell cycle was suppressed when ZNF710 
expression was downregulated, and the reverse 
was true. Even though ZNF710 inhibition has 
the potential to prevent the cell cycle in GC, 
how exactly ZNF710 facilitates the cell cycle 
process is a matter of study. Future studies 
could specifically explore the effects of ZNF710 
and its downstream genes on cell cycle check-
points, such as the G1/S transition.

Past literature has demonstrated that mem-
bers of the zinc finger protein family determine 
tumor characteristics through the regulation of 
canonical signalling pathways [31]. In our study, 
we conducted bioinformatics analysis using 
ZNF710 expression as a starting point for GSEA 
in the TCGA database. The five most significant-
ly enriched items included the cell cycle and 
the Wnt signaling pathway. Based on the expe-
riences of other researchers, the Wnt/β-catenin 
pathway facilitates tumorigenesis and progres-
sion through the enhancement of cell prolifera-
tion, prevention of apoptosis, and the develop-

Figure 6. ZNF710 promotes GC growth in vivo. A-F. Images of subcutaneous tumor formation in nude mice injected 
with AGS and HGC-27 cells from different treatment groups (n=5 for each group). G, H. Representative Ki-67 stain-
ing images of paraffin-embedded subcutaneous tumor sections (scale bars: 100 µm, magnification: 200×).
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ment of stem-like properties in cells [32-34]. 
Overexpression of ZNF710 activated the 
expression of Wnt-1 and β-catenin in GC cells. 
Retrospective experiments using the Wnt ago-
nist SKL2001 and Wnt inhibitor XAV939 further 
demonstrated that ZNF710 is related to the 
Wnt/β-catenin and influences the biological 
characteristics of GC.

Based on the results obtained above, we con-
ducted an extensive study of ZNF710, examin-
ing its impact on metabolism and tumour 
immunity. We observed that most metabolic 
pathways were upregulated in the ZNF710 high 
expression group (Supplementary Figure 4A). 
The results demonstrated that in GC, ZNF710 
expression was negatively correlated with the 
TIP scores of the cancer-immunity cycle 
(Supplementary Figure 4B). These results col-
lectively confirm the oncogenic role of ZNF710 
in promoting GC growth and provide insights  
for further investigations into the specific 
mechanisms by which ZNF710 regulates GC 
development.

However, our study also has some limitations, 
as we did not identify a direct relationship 
between ZNF710 and the Wnt/β-catenin. Al- 
though we speculate that there may be down-
stream genes of ZNF710 that directly influence 
the Wnt/β-catenin, direct evidence has yet to 
be identified. Additionally, our experimental 
procedures did not involve the use of trans- 
genic mice or the construction of high-quality 
models, which is an area for further research. 
In the future, we plan to increase the experi-
mental sample size, perform RNA sequencing. 
Additionally, we will actively investigate other 
potential mechanisms by which ZNF710 may 
influence GC, including its effects on immune 
cell infiltration and chemoresistance.

Conclusion

ZNF710 is a transcription factor that possess-
es the ability to promote the growth and inva-
sion of GC. In GC, high expression of ZNF710 
promotes tumor cell viability, by enhancing the 
Wnt/β-catenin.
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Supplementary Figure 1. Further validation of the aberrant expression of ZNF710 in GC. A, B. ZNF710 expression 
levels were compared across patient groups with different cancer stages and degrees of lymph node metastasis. 
C, D. The expression of ZNF710 in GC was further validated via the GEO database (GSE27342 and GSE33335). E. 
Percentages of FGL, FGG, and FGA in ZNF710 expression subsets for GC.
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Supplementary Figure 2. Validation of lentivirus-mediated stable transfection. A-C. The relative levels of protein 
expression and mRNA transcripts verified ZNF710 overexpression in AGS cells. D-F. The relative protein expression 
and mRNA transcript levels confirmed the knockdown of ZNF710 in HGC-27 cells.
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Supplementary Figure 3. Effect of the Wnt pathway inhibitor XAV939 on AGS cells. A-C. Effect of treatment with XAV939 on the proliferative capacity of AGS cells. 
D-F. Effect of treatment with XAV939 on the cell cycle progression of AGS cells.
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Supplementary Figure 4. Impact of ZNF710 expression on metabolic pathways and tumor immunity in GC. A. Differences in metabolic pathway GSVA scores be-
tween the high- and low-gene expression groups. B. Spearman correlation between the TIP score and ZNF710 level, as well as the autocorrelation among TIP scores.


