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A B S T R A C T   

Objective: To conduct a comprehensive analysis of the landscape of gastric cancer (GC)-targeted 
therapy clinical trials and identify potential therapeutic targets. 
Methods: A systematic search and analysis of the Cochrane Central Register of Controlled Trials 
(CENTRAL) was performed to retrieve all GC clinical trials published up to June 30, 2022. 
Approved therapeutic targets for 11 common cancers were compiled and analyzed. The role of 
CSNK2A1 in GC was investigated using bioinformatics tools such as GEPIA, KMPLOT, SangerBox, 
STRING, ACLBI, and TIMER. Four gastric cancer cell lines (AGS, HGC, MGC, BGC) and one normal 
gastric mucosa cell line (GES-1) were utilized to assess the sensitivity to the CSNK2A1 inhibitor 
CX-4945. Quantitative real-time polymerase chain reaction (qPCR) was employed to quantify the 
cellular expression of CSNK2A1. Cellular apoptosis was evaluated using flow cytometry and 
Western blot analysis. 
Results: The failure rate of GC randomized controlled clinical trials (RCTs) was strikingly high, 
accounting for 74.29 % (26/35) of the trials. Among the 35 approved targets in 11 different 
cancers, 13 targets were rigorously evaluated and identified as potential therapeutic targets for 
GC. Bioinformatics analysis revealed that CSNK2A1 is closely associated with multiple biological 
characteristics in GC, and its increased expression correlated significantly with enhanced sensi
tivity to CX-4945 treatment. Flow cytometry and Western blot analysis consistently demonstrated 
concentration-dependent apoptosis induced by CX-4945 in GC cell lines. 
Conclusions: The high failure rate of GC clinical trials highlights the need for a more scientific and 
precise approach in target identification and clinical trial design. CSNK2A1 emerges as a prom
ising therapeutic target for GC, and its expression level could potentially serve as a biomarker for 
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predicting sensitivity to CX-4945 treatment. Further research is warranted to elucidate the un
derlying molecular mechanisms and validate the clinical significance of CSNK2A1 in GC therapy.   

1. Introduction 

Gastric cancer (GC) is one of the most serious malignancies that threatens human health [1]. Globally, the incidence of GC is higher 
in East Asian countries, and increasing risks have been observed in younger generations [2]. Among the new incidents, many GC 
patients were found already in the late stage at the principal diagnosis, which led to the poor overall five-year survival rate [3]. 
Targeted therapy is considered to be an important and powerful strategy to treat advanced gastric cancer [4]. For example, the ToGA 
trial showed median overall survival of HER2-positive advanced gastric or gastro-oesophageal junction cancer patients was signifi
cantly improved in trastuzumab (a monoclonal antibody against HER2) and a chemotherapy group, compared with those in 
chemotherapy alone [5]. However, compared with other solid malignancies such as lung cancer, breast cancer, or colon cancer, the 
therapeutic targets and drugs for GC are scarce [6–8]. Cetuximab, a monoclonal antibody targeting EGFR presented an impressive 
survival improvement in advanced non-small-cell lung cancer [9], but no improvement in advanced GC [10]. Everolimus, an oral 
mTOR inhibitor, showed improved progression-free survival in a subgroup of patients with advanced breast cancer [11], but no 
improvement in advanced GC [12]. According to the National Comprehensive Cancer Network (NCCN) guideline of GC, only drugs 
targeting HER2, VEGFR, NTRK are suggested [13]. 

Researching causes of the failure of current treatment and searching for validated biomarkers are as important as discovering new 
efficient therapeutic targets [14–17]. New research progress in GC-targeted therapy has been reported. A comprehensive view of 
gastric cancer clinical trials would significantly contribute to clarifying the current status and challenges in treatment, thereby 
providing crucial direction for fundamental research endeavors. Additionally, a profound understanding of the specific molecular 
mechanisms underlying therapeutic targets holds the potential to drive breakthroughs in clinical treatment for GC. 

The Cochrane Library is a collection of databases that contain high-quality, independent evidence to inform healthcare decision- 
making. While Cochrane Central Register of Controlled Trials (CENTRAL) is a rich database of bibliographic reports of randomized 
controlled trials. This study presents an outlook of GC clinical trials based on CENTRAL, focus on the existing conditions and issues, and 
screen potential targets from other common cancers for GC. Our study might offer a comprehensive view of GC clinical trials and find 
new targets for further trials. 

2. Materials and methods 

2.1. Search strategy and inclusion criteria 

A rigorous systematic search was conducted in the Cochrane Central Register of Controlled Trials (CENTRAL) database, encom
passing PubMed, Embase, ICTRP, and CT.gov, for clinical trials on gastric cancer (GC) published up to June 30, 2022. The search 
strategy utilized comprehensive medical terminology, including "gastric," "stomach," "cancer," "malignancy," "carcinoma," "tumor," 
"neoplasm," and "adenocarcinoma," to capture all relevant texts. Inclusion criteria were strictly defined as: (a) phase I, II, or III clinical 
trials; (b) trials focused on targeted therapy; and (c) English-language publications. The retrieved studies were compiled in the 
reference management software EndNote for detailed analysis. Exclusion criteria were precisely applied to filter out: (a) duplicate 
research; (b) studies unrelated to GC; (c) studies involving endoscopy or surgical interventions; (d) reviews or meta-analyses; (e) non- 
randomized controlled trials; (f) studies involving chemotherapy, radiotherapy, or immunotherapy; and (g) studies with limited details 
beyond the title. Furthermore, phase II clinical trials that were discontinued or failed to progress to the next phase of clinical testing, 
yet remained of interest, were also included in the analysis, and their pertinent information was extracted. 

2.2. Data collection 

Eligible studies were independently scrutinized by two authors, and the following data were systematically extracted: therapy 
targets, drugs, trial name (or registration number), clinical trial phase, study design, screened biomarkers, study initiation year, 
outcomes, and study DOI. The references were organized and maintained using Endnote version X9. Any inconsistencies in data 
extraction between the reviewers were resolved through mutual consensus. The quantities of reported drugs and targets were 
enumerated. Comprehensive information on all phase III and relevant phase II clinical trials was gathered. Notably, the phase II trials 
that did not proceed to phase III specifically represented the evaluation of certain therapeutic targets. Additionally, for therapeutic 
targets and drugs targeting other prevalent cancer types, we gathered data from reliable sources such as the Food and Drug Admin
istration (FDA) websites and the National Comprehensive Cancer Network (NCCN) guidelines. The expression patterns and prognostic 
associations of these targets in GC were thoroughly analyzed. Genes that met the following criteria were identified as potential 
therapeutic targets for GC: 1. Genes that exhibited significant differential expression in GC tissues compared to adjacent non-cancerous 
tissues. 2. Genes that displayed a significant correlation with the prognosis of GC patients. 
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2.3. Bioinformatics analysis 

The analysis of differential gene expression and prognostic correlations in GC was conducted utilizing the web-based tools GEPIA 
(http://gepia.cancer-pku.cn/index.html) and KMPLOT (http://kmplot.com/analysis). Data pertaining to 412 GC patients were 
retrieved from the Cancer Genome Atlas (TCGA) database and processed using the SangerBox platform (http://www.sangerbox.com). 
For the assessment of protein-protein interaction networks, the STRING database was employed. Genetic mutations, tumor mutational 
burden (TMB), microsatellite instability (MSI), and stemness scores were comprehensively analyzed using the SangerBox web 
application. Additionally, gene co-expression analyses and pathway exploration were conducted utilizing the ACLBI web tool (www. 
aclbi.com). Finally, the infiltration of tumor immune cells was analyzed with the TIMER platform (https://cistrome.shinyapps.io/ 
timer/). 

2.4. Cell proliferation assay 

To evaluate the effects of the CSNK2A1 inhibitor CX-4945 (HY-50855, MedChemExpress, USA) on cellular viability, five distinct 
cell lines (AGS, BGC, MGC, HGC, and GES-1) were seeded in 96-well plates at a precise density of 5000 cells per well. These cells were 
cultured overnight under standard conditions of 37 ◦C and 5 % CO2 to allow for cell attachment and recovery. Subsequently, the 
culture medium was replaced with RPMI-1640 medium (Gibco, USA) supplemented with 10 % fetal bovine serum (FBS, Gibco, USA) to 
provide essential nutrients for cell growth. To assess the impact of CX-4945 on cellular viability, the inhibitor was administered at 
varying concentrations in a gradient fashion. Following a 24-h incubation period, the Cell Counting Kit-8 (CCK-8, Dojinkagaku, Japan) 
was utilized in accordance with the manufacturer’s standardized protocol to quantify cellular viability. 

2.5. Colony formation assay 

To further investigate the effects of the CSNK2A1 inhibitor CX-4945 on cellular proliferation, cells were harvested during the 
logarithmic growth phase. They were then digested, accurately counted, and plated into 12-well plates at a density of 500 cells per 
well. After a 10-day culturing period, CX-4945 was introduced into the culture medium at predefined concentrations of 0, 5, 10, and 
20 μM. Twenty-four hours later, the culture medium was discarded, and the cells were washed twice with phosphate buffered saline 
(PBS) to remove any residual CX-4945 or culture medium components. Following this, the cells were fixed in 4 % paraformaldehyde 
for 30 min to preserve their structure and morphology. Subsequently, the cells were stained with 0.5 % crystal violet for 30 min to 
allow for visualization of the cellular colonies. Photographs were taken to document the colony formation and distribution. 

2.6. Fluorescence quantitative real-time polymerase chain reaction (qPCR) 

Total RNA was extracted using TRIZOL reagent (Life Technologies, USA), and measured via a spectrophotometer. The extraction of 
total RNA was performed using TRIZOL reagent (Life Technologies, USA), followed by a precise determination of its concentration and 
purity via a spectrophotometric assay. RNA reverse transcription was carried out utilizing the HiScript III 1st Strand cDNA Synthesis 
Kit (Vazyme Biotechnology, China). Subsequently, the synthesized cDNA samples were analyzed through qPCR using Hieff® qPCR 
SYBR Green Master Mix (Yeasen Biotechnology, China) on the Applied Biosystems QuantStudio6 Flex platform (Life Technologies, 
USA). The primers were synthesized by Shanghai Sangon Biotech, and their sequences are detailed in Table S1. The qPCR reaction 
protocol entailed an initial denaturation step at 95 ◦C for 5 min, followed by 40 cycles of denaturation at 95 ◦C for 10 s and annealing/ 
extension at 60 ◦C for 30 s. For each sample, triplicate wells were included, and the average cycle threshold (CT) value was recorded as 
the definitive CT value. Relative mRNA expression was calculated as 2− ΔΔCT. 

2.7. Flow cytometry 

A total of 200,000 AGS or BGC cells were seeded into six-well plates and cultured overnight to allow for cell attachment and re
covery. Following this initial culturing period, CX-4945 was added to the medium at specific concentrations tailored for each cell line: 
5 μM for AGS cells and 10 μM for BGC cells. After an additional 24-h incubation with CX-4945, all cells, along with the supernatant, 
were carefully collected to ensure the capture of both adherent and non-adherent cells.The collected cells were washed twice with 
binding buffer to remove any residual culture medium or CX-4945. Following the washes, 250 μL of fresh binding buffer was added to 
resuspend the cells. Subsequently, 5 μL of Annexin V-FITC and 10 μL of propidium iodide (PI) solution at a concentration of 20 μg/mL 
were added to the cell suspension. The cells were then incubated at room temperature in the dark for 10 min to allow for the Annexin V- 
FITC and PI to bind to their respective targets, indicating early and late apoptosis. Finally, the apoptosis rate was quantitatively 
determined using the BD-FACSVerse flow cytometry system (BD Biosciences, USA). 

2.8. Western blot 

Cells were collected, lysed in RIPA buffer with protease inhibitors and PMSF (MedChemExpress, China). Proteins were separated by 
SDS-PAGE and transferred to a PVDF membrane (Bio-Rad, USA). Membranes were blocked in TBS-T with milk, then incubated with 
primary antibodies against PAR, caspase 3, cleaved caspase 3 (#9542, #9662 and #9661 Cell Signaling Technology, USA), and 
GAPDH (60004-1-Ig, Proteintech, China) overnight at 4 ◦C. After washing, membranes were incubated with secondary antibody for 2 h 
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at room temperature. Protein bands were detected using ECL and the ChemiDoc Touch system (Bio-Rad, USA), and their gray values 
were analyzed using ImageJ software (NIH, USA). 

2.9. Statistical analysis 

IBM SPSS Statistics (version 19.0) software was used for the data analysis. Data are expressed as mean ± standard deviation. 
Student’s t-test was used for comparisons between two groups, whereas one-way analysis of variance was used for comparisons be
tween over two groups. Statistical significance was set at P < 0.05. Graphs were generated using GraphPad Prism (version 9.3.1). 

3. Results 

3.1. High failure rate of GC RCTs 

Total of 11051 reports were retrieved as of June 30, 2022. After rigorous screening, we excluded duplicates (164), non-gastric 
cancer studies (2507), endoscopic or surgical studies (2190), review articles or meta-analyses (265), non-randomized controlled 
trials (1933), and studies investigating non-targeted therapies for gastric cancer, specifically chemotherapy or immunotherapy (3432). 
As depicted in Fig. 1, 560 trials satisfied the predefined inclusion criteria. The detailed targets and drugs were listed in Supplementary 
Data 1. Subsequently, we focused on extracting all phase III randomized controlled trials (RCTs; 36 trials) and selected phase II RCTs 
(17 trials) of interest, resulting in a compilation of 53 studies detailed in Supplementary Data 2. Of the 53 trials, 35 trials had been 
completed and reported. Finally, twenty-six RCTs reported treatment failure (74.29 %, 26/35; Supplementary Data 2). 

3.2. Thirteen targets applied in other cancers were evaluated as potential targets for GC 

To compare GC-targeted therapy with other cancers, we collected data on therapeutic targets and drugs used in other common 
cancers. A total of 11 common cancers were enrolled, including 35 targets and 51 approved drugs (Supplementary Data 3). GC had the 
least number of applied targets, while leukemia had the most (2 vs. 13, Supplementary Data 3). VEGFR is the most popular and 
effective target for thyroid cancer, renal carcinoma, liver cancer, leukemia, gastrointestinal stromal tumors, stomach cancer, and 

Fig. 1. Flowchart of GC clinical trial systematic review process.  

L. Zhang et al.                                                                                                                                                                                                          



Heliyon 10 (2024) e36205

5

colorectal cancer. The differential expression of these 35 targets in GC tissues and their association with GC prognosis were analyzed, 
as shown in Fig. 2. Thirteen targets met the criteria as potential targets for GC (HER2, MET, PLK1/4, CDK4/6, KIT, PDGFR, CD52, 
CD3G, PSMB8, IDH1, and CSNK2A1). Expression of these genes was higher in cancer tissues than in normal tissues, except for the KIT 
gene (Fig. 2). The expression of MET, CD52, PSMB8, CD3G, and IDH1 positively correlated with GC prognosis, whereas the remaining 
genes were negatively correlated (Fig. 2). Clinical trials related to HER2, MET, KIT, PDGFR, and CDK have already been conducted. 
However, trials on PLK1/4 and CSNK2A1 have not yet been conducted (Supplementary Data 1). 

3.3. CSNK2A1 was related to multiple GC biological characteristics 

Compared to other target genes, our analysis revealed that CSNK2A1 might play a more stable and independent role in GC pro
gression (Fig. S1). The expression levels of PLK1 and PLK4 in cancer tissues fluctuate more widely than those of CSNK2A1 (Fig. S1A); in 
terms of protein interactions, CSNK2A1 is more functionally independent (Fig. S1C); in terms of gene mutations, CSNK2A1 is also more 
stable(Fig. S1D). 

Thus, CSNK2A1 was selected as a potential target for further analysis. We found that CSNK2A1 expression was associated with 
tumor differentiation (P < 0.05; Fig. 3D). As shown in Fig. 3A–F, expression of CSNK2A1 was not related to the depth of infiltration (P 
= 0.34), lymphatic metastasis (P = 0.91), distant metastasis (P = 0.1), cancer stage (P = 0.74), or patient sex (P = 0.91). Regarding 
immune infiltration, CD8+ T cells, macrophages, neutrophils, and dendritic cells negatively correlated with CSNK2A1 expression 
(Fig. 3G). No correlation was observed between CSNK2A1 expression and TMB or MSI (Fig. 3H and I). However, CSNK2A1 expression 
was positively associated with the DNA and RNA stemness scores (Fig. 3J and K). 

We further analyzed the correlation between gene mutation patterns and CSNK2A1 expression and found the top five discrepancy 
genes: TTN, TP53, PCLO, DMD, and RELN (Fig. 4A). Pathway analysis showed that CSNK2A1 expression was positively correlated with 
DNA replication (Fig. 4E), tumor proliferation (Fig. 4G), the G2/M checkpoint (Fig. 4H), and DNA repair (Fig. 4I), whereas CSNK2A1 
expression was negatively correlated with apoptosis (Fig. 4C), inflammatory response (Fig. 4D), tumor inflammation signature 
(Fig. 4F), and the P53 pathway (Fig. 4J). No significant correlation was observed with the angiogenesis pathway (Fig. 4B). 

3.4. CX-4945 inhibits GC cell proliferation and induces apoptosis and its sensitivity is related to CSNK2A1 expression 

We performed in vitro experiments to identify CSNK2A1 as a potential therapeutic target. The cell proliferation assays revealed that 
five GC cells (AGS IC50 = 2.393 μM, BGC IC50 = 12.31 μM, MGC IC50 = 7.999 μM, HGC IC50 = 4.330 μM) were all sensitive to CSNK2A1 
inhibitor CX-4945 while the normal mucosa cell GES-1 was insensitive (Fig. 5A). More than 50 % of the GES-1 cells survived when 
exposed to the maximum concentration of CX-4945 (80 μM). Among the GC cells, AGS was the most sensitive and BGC had the opposite 
effect (Fig. 5A). Colony formation assays showed that as the drug concentration increased (0, 5, 10 μM), the average number of 

Fig. 2. Expression and overall survival analysis of 34 collected genes in GC. Gene name in red meet the inclusion criteria: 1. Significant differential 
expression in GC and para-cancer tissues; 2. Significant correlation with the prognosis of GC. *P < 0.05. 
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Fig. 3. Relation of CSNK2A1 expression with GC characteristic. Relation of CSNK2A1 expression with GC at T (A), lymphatic metastasis (B), distant 
metastasis (C), tumor differentiation (D), and immune infiltration (E) stages. Relation of CSNK2A1 expression with pan-cancers TMB (F), MSI (G), 
DNA stemness (H), and RNA stemness (I). P < 0.05 was regarded as statistically significant. 
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colonies in AGS cells decreased from 120.70 to 11.33 and 8.67, HGC cells from 69.67 to 24.00 and 14.67, MGC cells from 116.30 to 
95.67 and 10.00, and GES-1 cells from 95.33 to 74.00 and 36.67. For BGC cells, with the increase of drug concentration (0, 10, 20 μM), 
the average number of colonies decreased from 124.00 to 34.67 and 6.67. Statistically significant differences were observed in the 
number of cell colonies between various concentrations (Fig. 5B). Both assays indicated that CX-4945 inhibited GC cell proliferation. 
The expression of CSNK2A1 was then detected by qPCR. The sensitivity of GC cells to CX-4945 was positively associated with the 
expression of CSNK2A1 (Fig. 5C). The relative expression of CSNK2A1 in the most sensitive AGS cell line was significantly higher at 
2.134, whereas the least sensitive GES-1 cell line exhibited the lowest relative expression value of 0.4936. Among the remaining cell 
lines, when ranked by sensitivity, the relative expression of CSNK2A1 was 1.384 in HGC, 0.9730 in MGC, and 0.9230 in BGC. Statistical 
analysis revealed significant differences in the relative expression of CSNK2A1 among all cell lines except for BGC VS MGC, which did 
not show any significant difference (P = 0.7918). The remaining comparisons displayed statistically significant variations (P <
0.0001). 

Flow cytometry was used to detect apoptosis in the GC cells. When exposed to 5 μM CX-4945, the apoptosis rate of AGS cells was 
47.04 %, significantly higher than that of the non-drug group (10.61 %) (P < 0.0001); Similarly, when exposed to 10 μM CX-4945, the 
apoptosis rate of BGC cells was 51.61 %, significantly higher than that of the non-drug group (15.18 %) (P < 0.0001) (Fig. 5D and E). 
The expression of apoptosis-associated proteins was also detected. Western blot analysis showed that the precursor PARP and caspase 3 
decreased and cleaved PARP and caspase 3 increased as the concentration of CX-4945 increased (Fig. 5F). A semi-quantitative analysis 
confirmed this tendency (Fig. 5G and H). 

4. Discussion 

Our data showed that GC-targeted therapy faces enormous challenges. The application of targeted therapy in GC is still in its 
infancy compared to its usage in other cancers (Supplementary Data 1, 2 and 3). However, our research could not conclude the factors 
behind the failure. 

One representative phenomenon was that, although various cancers share commonality, enrolling one target in GC clinical trials 
briefly because of its success in another cancer would be very likely to fail, such as trials on EGFR and MET. For these reasons, it can be 
concluded that GC has extremely high heterogeneity. This characteristic was more definite with the development of single-cell 
sequencing technology [18]. High tumor heterogeneity would easily result in drug resistance [19]. To solve this problem, at least 
three aspects could be improved. The first aspect is screening for more specific and sensitive therapeutic target. Recent developments 
in detection technologies have successfully identified molecular subtypes of GC and various meaningful therapeutic targets for GC 
[20–22]. The second aspect is searching for reliable biomarkers. Patients were classified according to their biomarker features. Ac
cording to our analysis, simple biomarker detection (detecting only the expression of targeted genes or proteins) did not improve the 
success of RCTs. Therefore, biomarkers should not be limited to the expression or mutations of therapeutic targets. Using MET as 
example, some researchers have suggested that the presence of neutrophils in the tumor microenvironment could influence the efficacy 
of MET inhibitors and that activation of the intracellular Src pathway is also associated with efficacy [16]. The third aspect is 
developing multitarget conjugated drugs or activating the immune system [23]. 

The high heterogeneity of GC did not mean that the targets successfully applied to other cancers could not be utilized to GC. Specific 
drugs should be adequately evaluated and tested before starting a GC clinical trial [24]. Uncovering the mechanism or discovering 
biomarkers would also contribute to successful applications [14,16]. We reanalyzed targets from other cancer therapies and screened 
them for GC. Most of the targets were protein kinase (PK). PK is a promising target that modulates cellular proliferation, metabolism, 
and differentiation via the phosphorylation of substrates [25,26]. It has been reported that the kinome consisting of 538 kinases is 
becoming the focus of targeted therapy research [27]. Meanwhile, the development of small-molecule inhibitors of PK will hopefully 
accelerate the coming era of individualized therapy [22,28]. 

We screened 13 potential therapeutic targets for gastric cancer from 11 common malignant tumor treatment targets, among which 
CSNK2A1 and PLK1/4 have not been used in clinical trials for gastric cancer. CSNK2A1 might play a more stable and independent role 
in GC progression (Fig. S1). Through literature retrieval, we found that CSNK2A1 is a widely present protein kinase in tumor tissues 
with a very wide range of substrate proteins [29], so we speculate that CSNK2A1 plays a more universal role in the occurrence and 
development of gastric cancer, and therefore selected CSNK2A1 for further in-depth analysis. CSNK2A1 is a member of protein ser
ine/threonine kinase with the most abundant kinds of substrate proteins and is extensively involved in various life activities of cells, 
including cell growth, survival, apoptosis, DNA damage repair, differentiation, and metabolic regulation [29]. Based on current sci
entific literature, CSNK2A1 has been associated with the differentiation of B and T cells [30,31], yet its specific impact on gastric 
cancer cell differentiation remains unexplored. Our analysis indicates a potential correlation between CSNK2A1 and tumor differ
entiation, immune infiltration, as well as tumor stemness in gastric cancer. Nevertheless, the underlying molecular mechanisms 
necessitate further detailed and precise experimental investigations. Besides, we have also uncovered a profound association between 
CSNK2A1 and apoptosis in gastric cancer cells. To validate this function at the cellular level, we employed CX-4945 to inhibit the 
CSNK2A1 gene and observed successful induction of apoptosis in gastric cancer cells. Furthermore, our findings revealed a significant 

Fig. 4. Relation of CSNK2A1 expression with gene mutations and pathways. (A) Discrepancy of genome mutation between high and low CSNK2A1 
expression. Relation of CSNK2A1 expression with angiogenesis (B), apoptosis (C), inflammatory response (D), DNA replication (E), tumor 
inflammation signature (F), tumor proliferation signature (G), G2M checkpoint (H), DNA repair (I), and p53 (J) pathways. P < 0.05 was regarded as 
statistically significant. 
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Fig. 5. CX-4945 inhibited GC cells proliferation and induced apoptosis. (A) Cell viability of GC cells in cell proliferation assays and cell sensitivity to 
CX-4945. (B) Clone formation assay. (C) Relative CSNK2A1 expression of GC cells. (D) Apoptosis detection of AGS and BGC via flow cytometry. (E) 
Three-time repetition of apoptosis detection and the data was calculated. ****P < 0.0001. (F) AGS and BGC were cultured with different con
centration of CX-4945 and apoptosis associated proteins were detected via Western blot. Full, non-adjusted images were shown in Supplementary 
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correlation between the expression level of the CSNK2A1 gene and the drug sensitivity of gastric cancer cells, suggesting the potential 
of CSNK2A1 expression as a biomarker for predicting the efficacy of CX-4945-induced apoptosis in gastric cancer. However, it is 
imperative to conduct further investigations into the underlying molecular mechanisms, animal models, and ultimately clinical trials 
to validate this observation. 

5. Conclusion 

In this comprehensive study, we have discovered a remarkably high failure rate in clinical trials for gastric cancer and identified 
CSNK2A1 as a potential therapeutic target for gastric cancer (GC). Furthermore, CX-4945 effectively induces apoptosis in GC cells. 
Notably, we observed a positive correlation between the sensitivity of GC cells to CX-4945 and the expression level of CSNK2A1. Given 
these promising results, further in-depth investigations into the underlying mechanisms as well as clinical trials evaluating the efficacy 
of CX-4945 in GC treatment are highly warranted. 
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