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ZFP1is a biomarker related to poor
prognosis and immunity in gastric
cancer

Jibin Yao'2*, Fubin Ma*®, Donghai Shi* & Mingxu Da2**

We aimed to determine the prognostic significance of ZFP1 in gastric cancer (GC), its role in the
immune microenvironment, and its potential as a therapeutic target using data from The Cancer
Genome Atlas (TCGA) database. ZFP1 overexpression was closely associated with tumour T stage
and histological grade. Patients with GC and high ZFP1 expression had poor outcomes. Lower

ZFP1 expression was associated with longer symptom-free intervals and disease-specific survival.
Subgroup analyses of T3 and T4, NO, N1, and MO patients showed that overall survival (OS), disease-
specific survival, and progression-free interval (PFl) were worse in those with high ZFP1 expression.
ZFP1 expression in GC was moderately to strongly positively correlated with the infiltration levels of
effector central memory T cells and T helper cells and negatively correlated with Th17 cells and NK
CD56bright cells. The IncRNA-miRNA-ZFP1 axis was predicted using a public database. CCK8, colony
formation, and wound healing assays were conducted to investigate whether ZFP1 promoted the
proliferation and migration of GC cells. Our study suggests that ZFP1 plays a key role in the prognosis,
immune response, and progression of GC and is a significant factor in the diagnosis and treatment of
this disease.
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Globally, gastric cancer (GC) is the fifth most common malignant tumour in terms of incidence and the fourth
leading cause of cancer-related mortality. Although the incidence and mortality rates have declined, in 2020, there
were 769,000 deaths worldwide from GC and more than 1 million new cases'. In ageing populations, clinicians
encounter more patients with cancer compared to younger populations. Early diagnosis can substantially improve
the survival rate of patients with GC; however, owing to the limitations of techniques such as liquid biopsy, the
most important clinical modality for early diagnosis remains invasive gastroscopic biopsy®. GC tissues are highly
heterogeneous and complex, and there is a lack of effective biomarkers to diagnose and predict the prognosis of
GC. Therefore, the discovery of new molecules with diagnostic and therapeutic value is a priority in GC research’.

Kruppel-associated box structural domain zinc finger proteins (KZFPs) represent the largest transcriptional
regulatory family of genes encoded by higher vertebrates*. The human genome can encode hundreds of KZFPs.
These proteins are characterized by N-terminal KRAB structural domains and C-terminal DNA-binding zinc
finger arrays. Together with their cofactors, KZFPs are involved in the repression of transposable element-derived
sequences during epigenetic reprogramming in the first few days of embryogenesis®. Initially, the evolutionary
selection of KZFPs was thought to be a host component of the arms race against transposable elements. However,
research has found that KZFPs play crucial regulatory roles in biological processes such as development, physiol-
ogy, and tumours in chordates*®. The zinc finger protein (ZFP) plays an important role in gastric carcinogenesis
and progression®.

ZFP1 (ZFP1 ZFP), also known as ZNF475, belongs to the family of ZFPs first discovered in mice’, and later
identified in human tissues. ZFP1 enters the nucleus and plays an important role in transcriptional regulation
during early embryonic development®. ZFP1 and its homologue MLLT10 (also known as AF10) contain a PHD1-
PHD?2 structural domain that is highly conserved among proteins’. MLLT10 has been found to play a significant
pro-carcinogenic role in leukaemia!® and colon cancer!!. Patients with laryngeal cancer and high ZFP1 expression
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had a worse prognosis'>. However, studies on the effects of ZFP1 in cancer are limited, and the role of ZFP1 in
the mechanism and progression of GC has not been reported.

In this study, we investigated the relationship between ZFP1 expression and clinicopathological features of
GC, determined the prognostic value of ZFP1 in patients with GC, and explored the possible mechanisms by
which ZFP1 expression affects GC development.

Materials and methods

Data collection and clinical samples

Stomach adenocarcinoma (STAD) data were downloaded from the TCGA database, and insufficient or missing
data were deleted. Three hundred seventy-five patients with GC and 32 normal samples were included for ZFP1
expression and survival data analysis. The GEO datasets GSE15459, GSE22377, GSE51105, and GSE62254 were
used for external validation. Twenty patients with GC who underwent radical gastrectomy at Gansu Provincial
Hospital were included. All patients were diagnosed with GC, confirmed by preoperative pathological exami-
nation, and did not receive preoperative antitumour therapy. This research project was approved by the Ethics
Committee of Gansu Provincial People Hospital (2023-312, 20230727) and authorised by all patients. The HPA
database (https://www.proteinatlas.org/) was used to verify ZFP1 protein expression.

Expression of ZFP1 in GC from the TCGA database

Statistical analysis was performed using R language (version 4.2.1). Data were visualised using the ggplot2 package
to clarify the differential expression of ZFP1. The differential gene (DEG) threshold was |logFC|>2.0 and adjusted to
p<0.05. A receiver operating characteristic (ROC) curve was used to assess the diagnostic value of ZFP1.

Analysis clinicopathologic features and survival

The Wilcoxon signed rank sum test, logistic regression, and multivariate Cox analysis were used to analyse the
correlation between clinicopathological characteristics and ZFP1. The effect of ZFP1 on survival was assessed
using Cox regression and Kaplan-Meier analyses. The nomogram predicted survival at 1 year and 3 years.

Enrichment analysis and protein interaction (PPI) network

Biological processes, cellular components, and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were
performed using the clusterProfler package (version 4.4.4) GO plot (1.0.2) in R'>!. The cluster analysis software
package (version 4.4.4) was used for GSEA analysis". Adjusted p <0.05 and FDR < 0.25 were considered statisti-
cally significant. The STING database (https://string-db.org/) was used to construct a PPI network of DEGs to
assess protein interactions of ZFP1.

Immune infiltration analysis

Immune infiltration based on differences in ZFP1 mRNA expression was analyzed using an independent sample
t-test. Immunization scores were calculated using the R software package (version 1.0.13) and the analysis was
visualized in lollipop plots by using the ggplot2 package'®. Correlations between ZFP1 and 24 immune cell types
were elucidated using Spearman’s correlation'”.

Prediction and analysis of IncRNA-miRNA-ZFP1 regulatory network

MiRDB (www. mirdb.org), TargetScan Human 7.0 (www.targetscan.org), and miRWalk (http://mirwalk.umm.
uniheidelberg.de/), miRTarbase(http://mirtarbase.mbc.nctu.edu.tw/index.html) were used to predict the
upstream binding miRNAs of ZFP1. ENCORI (https://rnasysu.com/encori/index.php) was used to predict
IncRNAs that bind to miR-27a-3p and perform an intergenic correlation analysis. Cytoscape 3.9.0 software was
used to analyse and plot the LncRNA-miRNA-ZFP1 regulatory network.

Cell culture

The HGC27 and MKN45 cell lines were purchased from the Shanghai Cell Bank. RPMI 1640 medium (BI, IL,
USA) was supplemented with 10% FBS (Wilber, China). The parameters of the incubator were set to 5% CO,
concentration, 37 °C constant temperature, and 95% humidity.

RNA interference

The siRNA-ZFP1 was synthesised by HANBI (Shanghai, China). The sequences were as follows: si-ZFP1-1,
sense: 5'-GGAGAAUUAUAGCAACUUATT-3'; si-ZFP1-2, sense: 5'- CAGACUUGCUUAAUAGUAATT -3';
and si-ZFP1-3, sense: 5'- GAGUGUAACGAAUGUGCAATT -3". Transfection was performed by adding siRNA
transfection complexes to RNAFit (HANBI).

IHC

ZFP1 expression in GC specimens was detected using IHC. Sections were incubated using ZFP1 polyclonal
antibody (1:1000) (Thermo Fisher, USA) overnight at 4 °C and the secondary antibody (Jackson, USA) for 1 h at
room temperature. Protein expression was determined as follows: staining intensity score (0, unstained; 1, light;
2, brown; 3, tan) and positive cell number score (0 points for 0%-5%; 1 point for 6%-25%; 2 points for 26%-50%j;
3 points for >50%). The sum of these two fractions was used to semi-quantify ZFP1 expression: >3 was classified
as positive, and < 3 was classified as negative. Two experienced pathologists performed independent scoring in
a double-blind manner.
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Western blotting

Protein concentration was determined using the BSA method after protein extraction with radioimmunoprecipi-
tation assay (RIPA) buffer (Bosterbio, China). Proteins were separated using 10% sodium dodecyl sulfate—pol-
yacrylamide gel electrophoresis and transferred to PVDF membranes. After electrophoresis and membrane
transfer, ZFP1 primary antibody (Thermo Fisher, USA) was added overnight at 4 °C, followed by incubation
with a secondary antibody (Jackson, USA).

CCK8

The 96-well plates were filled with 5 x 10 treated cells, followed by CCK8 (Apexbio, USA). A microplate reader
(Thermo Fisher, USA) was used for measurements at 450 nm. For the clone formation assay, 600 treated cells
were added to a 6-well plate. Two weeks later, formaldehyde fixation for 30 min and 0.1% staining for 20 min
were performed to observe colony formation.

EdU

HGC-27 and MKN45 cells were seeded into 6-well plates, and cell proliferation was detected after 2 h by using
the EAU assay (Bergolin, China), according to the manufacturer’s instructions. Finally, fluorescence images of
the GC cells were captured using an Olympus fluorescence microscope.

Wound healing assays
A wound healing assay was used to evaluate cell migration capacity. Scratches were made with the same 200 pL
micropipette tip, rinsed with PBS, and added to a serum-free medium. Images were captured at 0, 24, and 48 h.

Transwell

GC cells (5x10* GC cells were added to the upper chamber with Matrigel (Mei5Bio, China) for the migration
assay or without Matrigel for the invasion assay. RPMI 1640 medium (BL, IL, USA) containing 20% FBS was used
to fill the lower chambers. After 48 h (migration) or 72 h (invasion), non-migrating or non-invading cells were
carefully removed. The migrated cells were fixed with 4% paraformaldehyde, stained with 0.1% crystal violet,
and observed under a fluorescence microscope.

miRNA pull-down

A biotin-labelled miR-27a-3p fragment was synthesised, and MKN45 cells were transfected and cultured for 36 h.
The cells were lysed, captured, and enriched using streptavidin-coupled magnetic beads, and the target miRNA
was obtained after elution and purification. qPCR was performed to detect the expression levels of KCNQ1OT1
and ZFP1. The expression of KCNQ1OT1 and ZFP1 was detected using qPCR.

Result

Clinical baseline information

In the TCGA database, the characteristics of GC patients were analysed, such as age, sex, TNM stage, and pri-
mary therapy outcome (Table 1). The 375 patients were divided into the ZFP1 high- and low-expression groups
(188 and 187, respectively). Poor prognostic features, including T stage and histological grade, were associated
with ZFP1 expression.

High expression of ZFP1 in STAD

Combining the databases of TCGA and GTEx enabled pan-cancer analysis of ZFP1. ZFP1 was significantly
expressed in adrenocortical carcinoma (ACC), breast invasive carcinoma (BRCA), lymphoid neoplasm diffuses
large B-cell lymphoma (DLBC), oesophageal carcinoma (ESCA), glioblastoma multiforme (GBM), head and
neck squamous cell carcinoma (HNSC), kidney renal papillary cell carcinoma (KIRP), lung adenocarcinoma
(LUAD), lung squamous cell carcinoma (LUSC), pancreatic adenocarcinoma (PAAD), STAD, skin cutaneous
melanoma (SKCM), thyroid carcinoma (THCA), and thymoma (THYM)(p <0.05) (Fig. 1A).

Next, we analysed ZFP1 expression in 375 GC tissues and 32 precancerous tissues in the TCGA STAD dataset.
ZFP1 expression was higher in GC samples (p <0.001) (Fig. 1B), including 27 pairs of data whose pairwise infor-
mation was tumour-normal (p <0.05) (Fig. 1C). The ROC curve (AUC=0.816) indicated the potential diagnostic
value of ZFP1 in GC (Fig. 1D). We initially examined the expression of ZFP1 protein in clinical samples of GC,
and western blot results showed higher ZFP1 expression in tumour tissues than in normal tissues adjacent to
the cancer (Fig. 1E). The IHC results showed that ZFP1 was highly expressed in GC tissues (Fig. 1F, G), and the
same conclusion was obtained by the HPA database validation (Fig. 1H, I).

Identification of DEGs in GC

DEGs between high- and low-expression samples of ZFP1 were analysed. We identified 129 distinct DEGs: 101
upregulated and 28 downregulated genes. (|[LogFC|> 2, p.adj <0.05). The ggplot2 package (version 3.3.6) was used
to visualise the differences in the analysis results and obvious differential genes (Supplementary Fig. S1A-E).

Association of ZFP1 expression with clinicopathologic characteristics and survival rate

Single-gene logistic regression analysis revealed that ZFP1 expression was associated with poor prognosis
(Table 2). Increased ZFP1 expression in GC was positively associated with T stage (T3 and T4 vs. T1 and T2,
OR =2.188), pathologic stage (Stage III & S stage IV vs. Stage I & S stage II, OR=1.705), and histological grade
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Characteristics Levels Low expression of ZFP1 | High expression of ZFP1 | P value
n 187 188

<=65 81 (21.8%) 83 (22.4%) 0.982
Age, n (%)

>65 102 (27.5%) 105 (28.3%)

Female 59 (15.7%) 75 (20%) 0.092
Gender, n (%)

Male 128 (34.1%) 113 (30.1%)

Gastroesophageal junction | 24 (6.5%) 17 (4.6%) 0.186

Cardia/Proximal 28 (7.6%) 20 (5.4%)

Fundus/Body 62 (16.9%) 68 (18.5%)
Anatomic neoplasm subdivision, n (%)

Antrum/Distal 64 (17.4%) 74 (20.2%)

Stomach (NOS) 3(0.8%) 3(0.8%)

Other 4 (1.1%) 0 (0%)

T1 16 (4.4%) 3(0.8%) 0.001

T2 48 (13.1%) 32 (8.7%)
Pathologic T stage, n (%)

T3 82 (22.3%) 86 (23.4%)

T4 40 (10.9%) 60 (16.3%)

NO 62 (17.4%) 49 (13.7%) 0.291

N1 48 (13.4%) 49 (13.7%)
Pathologic N stage, n (%)

N2 40 (11.2%) 35(9.8%)

N3 31 (8.7%) 43 (12%)

MO 168 (47.3%) 162 (45.6%) 0.505
Pathologic M stage, n (%)

M1 11 (3.1%) 14 (3.9%)

Stage I 33(9.4%) 20 (5.7%) 0.064

Stage II 62 (17.6%) 49 (13.9%)
Pathologic stage, n (%)

Stage IIT 69 (19.6%) 81 (23%)

Stage IV 15 (4.3%) 23 (6.5%)

Gl 6 (1.6%) 4(1.1%) <0.001
Histologic grade, n (%) G2 86 (23.5%) 51 (13.9%)

G3 92 (25.1%) 127 (34.7%)

Diffuse Type 29 (7.8%) 34(9.1%) 0.579

Mucinous Type 9 (2.4%) 10 (2.7%)

Not Otherwise Specified 98 (26.2%) 109 (29.1%)
Histological type, n (%)

Papillary Type 3(0.8%) 2 (0.5%)

Signet Ring Type 7 (1.9%) 4(1.1%)

Tubular Type 40 (10.7%) 29 (7.8%)

RO 154 (46.8%) 144 (43.8%) 0.664
Residual tumor, n (%) R1 9(2.7%) 6(1.8%)

R2 7 (2.1%) 9 (2.7%)

PD 39 (12.3%) 26 (8.2%) 0.392

SD 9(2.8%) 8(2.5%)
Primary therapy outcome, n (%)

PR 1(0.3%) 3(0.9%)

CR 117 (36.9%) 114 (36%)
Reflux history, n (%) No 96 (44.9%) 79 (36.9%) 0.487
Yes Yes 19 (8.9%) 20 (9.3%)
Barretts esophagus, n (%) No 111 (53.4%) 82 (39.4%) 0.231
Yes Yes 11 (5.3%) 4(1.9%)
H pylori infection, n (%) No 82 (50.3%) 63 (38.7%) 0.598
Yes Yes 9 (5.5%) 9 (5.5%)

Tablel. Clinical baseline information of GC patients.

(G3 vs. G1&G2, OR=2.309) (p <0.05). Overexpression of ZFP1 was significantly correlated with tumour T stage
(T4vs. T1, p=0.003) and histological grade (grade 3 vs. grades 2 and 2, P <0.001) (Supplementary Fig. S2A-E).

ZFP1 (HR=1.575, 95%CI =1.129-2.199, p=0.008), age, T stage (p=0.011), N stage (p=0.003), M stage
(p=0.004), and pathologic stage (p=0.001) were associated with OS in a univariate Cox regression model. Similar
results were obtained using multivariate regression analysis (Table 3).
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Fig. 1. Differential expression of ZFP1 and identification of DEG. (A) Differential expression levels of ZFP1

in different tumor. (B) Expression levels of ZFP1 in GC tissues is higher than normal tissues (p <0.001). (C)
Expression levels of ZFP1 in GC tissues is higher than paired adjacent normal tissues (p <0.05). (D) A ROC
curve to test the value of ZFP1 to identify GC tissues. ZFP1 protein expression in paired tissues by western blot
(E) (full-length blots are presented in Supplementary Fig. 5) and IHC (F, G). Validation of ZFP1 expression in
gastric cancer (H) and normal tissues (I) by HPA database.

The poor prognosis of patients with GC with high ZFP1 expression

Patients with high ZFP1 expression showed significantly lower 10-year OS rates than those with low ZFP1 expres-
sion (HR=1.58, p=0.008; Fig. 2A). Similarly, 10-year DSS (HR =1.53, p=0.045; Fig. 2B) and PFI (HR=1.49,
p=0.039; Fig. 2C) were significantly lower in patients with high ZFP1 expressing than in those with low ZFP1
expressing. According to subgroup survival analyses of OS, DSS, and PFI, patients with high ZFP1 were more
likely to die than those with low ZFP1 (Fig. 2D-L). We conducted a survival analysis of patients with GC based
on ZFP1 expression in the GEO database, and the results were consistent (Supplementary Fig. S3A-E).
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Characteristics Total (N) | OR (95% CI) P value

Pathologic T stage (T3&T4 vs. T1&T2) 367 2.188 (1.711-2.665) 0.001
Pathologic N stage (N1&N2&N3 vs. NO) 357 1.350 (0.900-1.801) 0.191
Pathologic M stage (M1 vs. M0) 355 1.320 (0.501-2.139) 0.506
Pathologic stage (Stage ITI&Stage IV vs. Stage I&Stage II) | 352 1.705 (1.282-2.127) 0.013
Histologic grade (G3 vs. G1&G2) 366 2.309 (1.881-2.738) | <0.001
Primary therapy outcome (PD&SD vs. CR&PR) 317 0.714 (0.206-1.223) 0.195
Residual tumor (R1&R2 vs. R0) 329 1.003 (0.262-1.743) 0.995
Age (>65 vs.< =65) 371 1.005 (0.595-1.414) 0.982
Gender (Male vs. Female) 375 0.694 (0.270-1.119) 0.092

Table 2. Single-gene logistics regression analysis. Statistically significant values are in [bold].

Univariate analysis Multivariate analysis
Characteristics Total (N) | Hazard ratio (95% CI) | P value | Hazard ratio (95% CI) | P value
Pathologic T stage 362
T1 & T2 96 Reference Reference
T3 & T4 266 1.719 (1.131-2.612) 0.011 | 1.099 (0.644-1.875) 0.730
Pathologic N stage 352
NO & N1 204 Reference Reference
N2 & N3 148 1.650 (1.182-2.302) 0.003 | 1.262 (0.787-2.024) 0.334
Pathologic M stage 352
MO 327 Reference Reference
M1 25 2.254 (1.295-3.924) 0.004 | 2.074 (1.057-4.067) 0.034
Pathologic stage 347
Stage I & Stage II 160 Reference Reference
Stage III & Stage IV 187 1.947 (1.358-2.793) <0.001 | 1.384 (0.783-2.444) 0.263
Histologic grade 361
Gl1&G2 144 Reference Reference
G3 217 1.353 (0.957-1.914) 0.087 | 1.313 (0.887-1.942) 0.174
Age 367
<=65 163 Reference Reference
>65 204 1.620 (1.154-2.276) 0.005 | 1.909 (1.306-2.792) <0.001
ZFP1 370
Low 185 Reference Reference
High 185 1.575 (1.129-2.199) 0.008 | 1.432 (0.994-2.063) 0.054

Table 3. Univariate regression analysis of OS using Cox regression model. Statistically significant values are in
[bold].

Nomogram construction and evaluation

Independent prognostic factors for GC were ZFP1 expression level, M stage, and age, based on which a nomo-
gram to predict one-year and three-year survival was constructed (Fig. 3A). Prognostic calibration showed good
consistency between the predicted and actual values (Fig. 3B).

ZFP1 expression and immune infiltration

The high ZFP1 expression group had higher stromal, immune, and estimated scores than the low ZFP1 expression
group. (Fig. 4A). The expression of ZFP1 was negatively correlated with IL-17-producing T helper cells (Th17),
NK CD56bright cells, and neutrophils and positively correlated with, for example, central memory T cells (Tcm),
T helper cells, and Tgd (Fig. 4B-F Supplementary Fig. S4).

Protein—protein interaction analysis

To analyse the interactions between upregulated and downregulated DEGs, we constructed a PPI network. As
shown in Fig. 5A, the protein regulatory network was divided into five clusters by using the k-means technique.
MYC and TRIM28 genes were closely related to ZFP1 in this network.
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Fig. 2. Kaplan—Meier survival curves comparing the high and low expression of ZFP1 in GC. (A-C) Survival
curves of OS, DSS, and PFI between ZFP1-high and -low patients with GC. (D-L) Subgroup survival analyses
of T3&T4, NO&N1 and MO0 were per-formed for OS, DSS and PFI.GC, gastric cancer; OS, overall survival; DSS,
disease specific survival; PFI progression free interval.

Functional enrichment analyses of ZFP1
To forecast ZFP1 interacting genes” functional enrichment information, we performed GO and KEGG enrich-
ment analyses. GO enrichment analysis showed that ZFP1-related genes were involved in biological processes
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(BPs), including epidermal cell differentiation, intermediate filament organisation, cell junction assembly, mes-
enchyme development, and mitochondrial autophagy. Cell composition (CC) mainly includes the collagen-
containing extracellular matrix, transporter complex, intermediate filament, cell body membrane, and cell-cell
junction. The molecular functions (MFs) mainly included signalling receptor activator activity, interleukin-1
receptor binding, DNA-binding transcription repressor activity, growth factor activity, structural constituents
of the cytoskeleton, and cytokine activity (Fig. 5B). KEGG results revealed that DEGs were primarily enriched
in fat digestion and absorption, calcium signalling, cGMP-PKG signalling, cAMP signalling, circadian entrain-
ment, AMPK signalling, IL-17 signalling, and MAPK signalling pathways (Fig. 5C).

GSEA enrichment analysis

The key signalling pathways involved in GC based on differential ZFP1 expression were identified using GSEA
(p-adj<0.05, FDR <0.25) and illustrated meaningful distinctions in the enrichment of MSigDB Collections (c2.
cp.all.v2022.1. Hs.symbols.gmt [All Canonical Pathways]). The differentially enriched pathways in the ZFP1 high
expression phenotype included ECM receptor interaction, focal adhesion, the PI3K AKT signalling pathway,
the MAPK signalling pathway, the Hippo signalling pathway, the integration of energy metabolism, the WNT
signalling pathway, and regulation of autophagy (Fig. 6A-I).

Predicting the IncRNA-miRNA regulatory network of ZFP1

Among the 17 intersecting miRNAs shown in the Wayne diagram, hsa-miR-27a-3p showed the strongest negative
correlation with ZFP1 mRNA expression (Fig. 7A, Supplementary Fig. SSA-C). These results indicated that hsa-
miR-27a-3p might play a role in regulating ZFP1 expression. Next, the ENCORI database was used to forecast
hsa-miR-27a-3p’s upstream IncRNAs, and 36 possible IncRNAs were identified (Supplementary Table S1). TCGA
GC data were screened to identify highly expressed IncRNAs with poor prognostic value (Supplementary Fig.
S5F). According to the competitive endogenous RNA (ceRNA) assumption, IncRNA expression can be increased
by competitive binding to miRNAs. We detected IncRNAs positively associated with ZFP1 and negatively associ-
ated with hsa-miR-27a-3p (Supplementary Fig. S5D, E). We combined the expression, correlation, and survival
analyses, and KCNQ1OT1 may be the most promising IncRNA upstream of the hsa-miR-27a-3p/ZFP1 axis
in GC (Fig. 7B). MiRNA pull-down assays showed that intracellular hsa-miR-27a-3p could be conjugated to
KCNQ1OT1 and ZFP1 mRNA (Supplementary Fig. S6).

ZFP1 knockdown affected the proliferation and migration of cancer cells

The low knockdown efficiencies of si-ZFP1-2 and si-ZFP1-3 were screened using WB (Fig. 8A). The CCK8
results showed that ZFP1 knockdown inhibited cell proliferation in a time-dependent manner (Fig. 8B). EAU
experiments also confirmed the promoting effect of ZFP1 on GC cell proliferation (Fig. 8C). Similarly, ZFP1
knockdown reduced the colony number (Fig. 9A). ZFP1 inhibition decreased the cell migration (Fig. 9B, C)
and invasive capacity (Fig. 9D).

Discussion

ZFP1 is located at 16:75,119,002-75,172,234 and contains 11 exons. The encoded protein is located in the cyto-
plasm, nucleus (non-nucleolus), and other regions and belongs to the Krueppel C2H2-type ZFP family, contain-
ing the KRAB box. In the Hidradenitis elegans cryptic rod nematode, ZFP1 regulates the promoter binding of
DAF16 and PHAA4 to their direct target genes and is required to control the cross-species longevity pathways of
insulin/IGF-1-like signalling (IIS) and dietary restriction (DR)'®. In a zebrafish model, ZFP1, which has a high
degree of sequence unity with humans, activates ZfRev-Erb alpha to participate in developmental regulation'.
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ZFP1 is involved in regulating mouse embryonic development, and its expression peaks on day 127. Tumours
can reactivate regulatory genes during embryonic development as they grow and adapt to environmental stress.
The role of ZFP1 as a transcription factor in tumours is understudied, and only the RUSC1-AS1-miR-7-ZFP1
ceRNA axis in laryngeal cancer has been predicted to be involved in tumour progression and is associated with
poor prognosis'?. Regulation of ZFP1 by hsa_circ_0008792/hsa-miR-711 in osteosarcoma reduced invasion
and promoted apoptosis®’. However, the relationship between ZFP1 expression and GC has not been reported.
Therefore, we investigated the prognostic value and potential mechanisms of ZFP1 in GC in a predictive manner.

We found that ZFP1 expression was increased in many tumours. Clinical samples confirmed that ZFP1 is
highly expressed in GC. The AUC value for ZFP1 was 0.816, which is diagnostic for STAD. Univariate logistic
regression analysis demonstrated that ZFP1 expression was significantly associated with poor T-staging, late
pathological staging, and high histological grade in GC. Survival analysis confirmed that higher ZFP1 expres-
sion was associated with shorter patient survival, which was consistent with the validation results from the GEO
database. Subgroup analyses revealed that ZFP1 expression was significantly associated with survival at T3, T4,
NO, N1, and MO. These results suggest that ZFP1 is probably a new marker for poor prognosis in GC and might
be a new target for GC treatment.

Further analyses were performed to investigate the potential role of ZFP1 in STAD progression. GO analy-
sis showed that ZFP1 might be involved in mitochondrial autophagy, an intracellular organelle involved in
energy production, cellular metabolism, and cellular signalling. Mitochondrial metabolism is involved in tumour
metabolism and the tumour microenvironment?!. The cAMP signalling pathway involved in the KEGG analysis
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plays an important role in cellular and systemic energy homeostasis along with the AMPK signalling pathway?.
Activation of the cAMP signalling pathway promotes mitochondrial metabolism and tumour cell growth?.

The results of the GESA suggested that ZFP1 is involved in the regulation of GC progression through multiple
mechanisms. The ECM promotes integrin-dependent signalling for invasion and proliferation, induces the forma-
tion of favourable microenvironmental ecological niches for metastatic cells, and interferes with cancer-immune
cell communication and the formation of physical barriers to anticancer drugs®**. Hippo kinases (including
MST1/2 and LATS1/2) are downregulated, or the downstream genes YAP1 and TAZ are upregulated, promoting
the occurrence, progression, and recurrence of GC?. The MAPK and PI3K/AKT signalling pathways are abnor-
mally activated in GC?**?’; play a wide range of regulatory roles in the progression of GC, such as proliferation and
metastasis?®; and are regarded as promising targets for drugs®. Notably, both pathways may inhibit autophagy
by activating mTOR. There is some controversy regarding the inhibitory or promotional role of autophagy in
tumours®. Generally accepted is that autophagy plays a deterrent role in the initial stage of tumourigenesis,
whereas survival pressure during tumour progression can promote tumour cells to regulate energy allocation
through autophagy, facilitating the survival of tumour cells in a hostile environment®"*2. We predicted that ZFP1
would positively correlate with MAPK, the PI3K/AKT signalling pathway, and autophagy. An in-depth study of
the regulatory mechanism of ZFP1 and an elaboration of the interactions between these pathways may provide
a reference for explaining this paradoxical relationship.

PPI showed that ZFP1 protein may interact with MYC and TRIM28. MYC is a well-recognised oncogene,
and its overexpression in GC tissues regulates key downstream genes and plays multiple roles in promoting
tumour progression®. In addition, c-MYC can promote GC progression as a major downstream effector of both
the MAPK/ERK and PI3K/AKT pathways*. TRIM28 can interact with KRAB-ZFP factors to mediate epigenetic
regulation and maintain the pluripotency of human embryonic stem cells (hESCs)*. IIn tumour cells, TRIM28
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Fig. 6. Enrichment plots from Gene Set Enrichment Analysis (GSEA). Several pathways and biological
processes were differentially enriched in ZFP1-related GC, including activated ECM receptor interaction, focal
adhesion, PI3K AKT signaling pathway, MAPK signaling pathway, Hippo signaling pathway, integration of
energy metabolism signaling pathway and regulation of autophagy.

is involved in homeostasis processes such as target gene transcription, downregulation of p53 activity, response
to DNA damage, induction of epithelial-to-mesenchymal transition, stemness sustainability, regulation of ret-
rotransposition, and stimulation of autophagy®®. TRIM28 inhibits PD-L1 ubiquitylation, which results in direct
SUMOylation of PD-L1 and increases PD-L1 abundance, allowing GC cells to escape immune surveillance. This
suggests a key role for ZFP1 in the regulation of GC and indirectly indicates its involvement in tumour immunity.

Further investigation showed that ZFP1 promotes tumour immune infiltration. In immunoassays, the upregu-
lation of ZFP1 expression was positively correlated with Tcm, T helper cells, and Tgd and negatively correlated
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with Th17, NK CD56bright cells, and neutrophils. Once tumours are formed, the tumour-infiltrating effector
CD8+T cells cannot eliminate them, and long-term surviving memory T cells are required to maintain a continu-
ous antitumour immune effect. Memory T cells can be divided into cell populations such as Tcm, Tem, Tscm, and
Trm?®, with Tcm acting as a sentinel in long-term antitumour immunity®. After the tumour antigen is recognised,
Tem may be responsible for remembering the tumour antigen and stimulating TEM production. Decreased
memory T cells reduce their killing effect on tumours, and tumour cells induce immune escape by inhibiting
the expression of memory T cells, increasing their susceptibility to infiltration and metastasis®’. Th17 cells are a
newly discovered subpopulation of Th cells; however, their effects on cancer cells are controversial. An increase in
the Treg/Th17 ratio may lead to a decrease in the antitumour immune response*'. D56bright cells have a potent
cytokine-producing capacity and can be potent antitumour effectors when stimulated by pro-inflammatory
factors*2. NK D56dim cells mediate the sequential killing of malignant tumours via granzyme B and perforin®.
Based on the aforementioned analyses, ZFP1 may play an important role in tumour immunomodulation in
STAD. However, the mechanisms and functions of immune cells in the tumour immune microenvironment and
tumour progression are complex. Immune cells of the same type are highly heterogeneous and may play diverse
roles in different types of pathology, staging, or molecular typing. There may also be synergistic or antagonistic
effects between the immune cells. In addition, tumour cells may induce and alter immune cells. However, further
studies are required to clarify this.

The IncRNA-miRNA-mRNA axis plays an important role in regulating gastric carcinogenesis and
progression*!. The IncRNA KCNQ1OTT1 is involved in the malignant phenotype of multiple tumours and influ-
ences GC progression®’. Although we constructed a model of the KCNQ1OT1/hsa-miR-27a-3p/ZFP1 axis in GC
(Fig. 10), further experiments are required to verify the objectivity of this regulatory relationship.

In this study, we predicted the role of ZFP1 in GC based on bioconfidence analysis. We initially proved that
ZFP1 is widely involved in the progression of GC, which is expected to be a new target for the diagnosis and
treatment of GC. However, the mechanism of ZFP1 involvement in GC progression has not been sufficiently
elucidated. Thus, we will continue to study the specific regulatory mechanisms of ZFP1 in GC. Additionally, we
need to expand the sample size and further elaborate the relationship between ZFP1 and clinicopathological data.

Conclusion

In conclusion, ZFP1 may play a critical role in the prognosis, immunity, and progression of GC and be a poten-
tial molecule that influences the diagnosis and treatment of GC. Further experiments are required to verify the
biological effects of ZFP1 in GC.
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