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ABSTRACT

Colorectal cancer (CRC) is a prevalent malignancy characterized by high mortality, unclear pathogenesis, and a lack of effective
diagnostic and prognostic biomarkers. PI4K2B, a key member of the PI4K family, plays a crucial role in synthesizing the second
messenger inositol triphosphate (IP3). However, research on the relationship between PI4K2B and cancer remains limited, and its
role in CRC is unclear. This study leverages multiple public databases for bioinformatics analyses to elucidate the correlation
between P14K2B and CRC, revealing its potential dual role as both a driver of CRC development and a protective factor for CRC
prognosis.
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1 Introduction

CRC is a highly prevalent and deadly cancer, accounting for approximately 10% of annual cancer diagnoses and cancer-
related deaths worldwide and ranking as the third leading cause of cancer mortality globally. However, the mechanisms
underlying CRC remain elusive, and the search for effective diagnostic and prognostic biomarkers continues.

Studies have revealed a correlation between the phosphatidylinositol-4-kinase (P14K) family and tumor development
and progression. The production of PI4P relies on the activity of four phosphatidylinositol 4-kinases: Pl4Kllla (PI14KA),
Pl4Klllb (P14KB), Pl4Klla (P14K2A), and PI4Kllb (PI4K2B). PI4KA expression in tumors correlates with overall survival and
contributes to an immunosuppressive bone tumor microenvironment by preferentially enriching non-activated and
immunosuppressive macrophage populations. The PI4KB gene, located on chromosome 1q, exhibits structural and
expression abnormalities in breast cancer.

However, systematic and comprehensive research on PI4K2B in tumors remains lacking. In this study, we conducted
bioinformatics analyses based on multiple public databases to investigate the correlation between PI14K2B and CRC,
assess its potential as a diagnostic and prognostic marker, and analyze its dual role as both a driver of CRC development
and a protective factor for CRC prognosis.

2 Methods
2.1 Differential expression of PI4K2B in tumor and normal tissues

STAR-counts data and clinical information for CRC were downloaded from The Cancer Genome Atlas (TCGA) database
(https://portal.gdc.com). We extracted data in TPM format, normalized it using log2(TPM+1), and retained samples with
both RNAseq data and clinical information, ultimately utilizing 620 samples for subsequent analyses. Genotype-Tissue
Expression (GTEx) data were obtained from version V8 (https://gtexportal.org/home/datasets). The “ggplot2” package in
R software (v4.0.3) was used to analyze the expression of PI4K2B in tumor and normal tissues and perform Wilcoxon rank-
sum tests. Statistical significance was set at p < 0.05. Immunohistochemical images of PI4K2B were acquired from The
Human Protein Atlas (HPA) database (https://www.proteinatlas.org/).

2.2 Pl4K2B expression in various cell types within tumor tissues

We selected the EMTAB8107 dataset for CRC in the Tumor Immune Single-cell Hub 2 (TISCH2) database (http://tisch.
comp-genomics.org), collecting data on 23,176 colorectal cancer cells and cell annotation results.

2.3 Relationship between PI4K2B and CRC Clinical Parameters

The “ggplot2” package in R software was used to analyze PI4K2B expression in relation to various clinical
characteristics, including sex, age, and stage. The “ggalluvial” package in R software was used to create Sankey diagrams
depicting the relationship between PI4K2B expression and CRC clinical parameters. Kaplan-Meier survival curves for high
and low PI4K2B expression groups were generated using the “survival” and “survminer” packages in R software, with
intergroup comparisons conducted using the log-rank test.

2.4 CRCprognostic model based on PI4K2B and clinical parameters

Forest plots were generated using the “forestplot” package in R software to display each variable (p-value, hazard ratio



120 Mingxuan Li

[HR], and 95% confidence interval [CI]). Nomograms were created using the “rms” package in R software to predict 1-year,
3-year, and 5-year OS rates. The nomograms provided a graphical representation of the combined impact of these factors,
allowing for individualized prognostic risk assessment based on points associated with each risk factor.

2.5 PI4K2B protein interaction network, Gene Set Enrichment Analysis (GSEA), and gene correlation
diagram

The STRING database (http://string-db.org) was used to obtain genes related to PI4K2B for constructing a protein-
protein interaction (PPI) network. GSEA was performed on 620 CRC samples from TCGA using the Hallmark gene set
(https://www. gsea-msigdb. org/gsea/index. jsp). Spearman correlation coefficients between PI4K2B expression and the
expression of other genes in CRC samples were calculated using the “ggstatsplot” package in R software, and gene
correlation diagrams were generated.

2.6 Differential gene expression and enrichment analysis

The “Limma” package in R software was used to investigate differential gene expression between high and low PI4K2B
expression groups. Thresholds for differentially expressed genes (DEGs) were set at p < 0.05 and log2(fold change [FC]) >
1.5 or log2(FC) < -1.5. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses
were performed using the “ClusterProfiler” package in R software. Univariate Cox regression analysis was employed to
identify genes associated with CRC prognosis among the DEGs. Risk scores for 620 CRC samples were calculated based on
the expression of these genes using the “ggrisk” package in R software. Kaplan-Meier survival curves were generated
using the “survival” and “survminer” packages in R software. A multivariate Cox regression model was constructed, and a
receiver operating characteristic (ROC) curve was plotted using the “timeROC” package in R software to evaluate model
performance.

2.7 Immune feature analysis

The TIMER algorithm in the “immunedeconv” package in R software was used to calculate immune scores for high and
low PI4K2B expression groups, assessing the relative abundance of different immune cell types. SIGLEC15, TIGIT, CD274,
HAVCR2, PDCD1, CTLA4, LAG3, and PDCD1LG2 are genes associated with immune checkpoints. The TIMER algorithm in
the “immunedeconv” package was used to analyze the correlation between the PI4K2B gene, immune cells, and tumor
immunophenotype (TIP), as well as the correlation among immune cells themselves. The “ggClusterNet” package in R
software was used for analysis and visualization. Spearman correlation diagrams for PI4K2B with six immune cell types
were generated using the TIMER algorithm in the “immunedeconv” package and the “ggstatsplot” package. The Tumor
Immune Dysfunction and Exclusion (TIDE) algorithm was used to predict the immunotherapeutic response. Visualizations
were created using the “ggplot2” and “ggpubr” packages in R software.

2.8 Relationship between PI14K2B and drug sensitivity analysis

Preprocessed data from the Genomics of Drug Sensitivity in Cancer (GDSC) website (www. cancerrxgene. org)
encompassing drug sensitivity, gene expression, and mutation calls were used to predict treatment response for each
sample. The prediction process was implemented using the pRRophetic R package. Half-maximal inhibitory concentration
(1C50) values for each sample were estimated using ridge regression. All parameters were set to default values, with batch
effects using “combat” and tissue type set to “all.” Duplicate gene expression values were summarized as the mean.
Spearman correlation diagrams and boxplots were generated using the “ggstatsplot” and “ggplot2” packages in R
software.

3 Results
3.1 Expression of PI4K2B in normal tissues, CRC tumor tissues, and various cell types within tumor tissues

Initially, we investigated PI4K2B expression in normal tissues, CRC tumor tissues, and different cell types within tumor
tissues. Immunohistochemical staining from the HPA database revealed aberrant upregulation of PI4K2B protein
expression in CRC tissues (Figure 1A). PI4K2B expression was significantly upregulated (p < 0.01) in 620 tumor samples
from the TCGA database compared to adjacent normal samples from TCGA and 779 normal samples from the GTEx
database (Figure 1B). Single-cell transcriptome data from TISCH, after cell annotation, yielded a total of 13 cell types: B
cells, CD4+ T cells, CD8+ T cells, endothelial cells, enteric glial cells, epithelial cells, fibroblasts, M1 macrophages, tumor
cells, mast cells, monocytes, myofibroblasts, and plasma cells (Figure 1C). PI4K2B exhibited the highest average expression
in tumor cells and epithelial cells (Figure 1D, E).

3.2 Relationship between PI4K2B and CRC clinical parameters

Next, we explored the association between PI4K2B expression and sex, age, TNM stage, and survival in CRC patients.
No significant relationship was observed between PI4K2B expression and sex or age (Figure 2A, B), while PI4K2B
expression was significantly higher in stages I-ll compared to stages lll-IV (p < 0.01) (Figure 2C). We also generated Sankey
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Figure 1 (A) Immunohistochemical staining of PI4K2B in CRC tumor tissues and normal tissues. (B) Expression of PI4K2B in normal and CRC
tumor samples. (C) UMAP plot of cell clusters from single-cell RNA sequencing of CRC. (D) UMAP plot of PI4K2B expression in CRC single-cell

samples. (E) Mean expression of PI14K2B in different cell types from CRC single-cell samples

diagrams based on patient sex, age, TNM stage, and survival status (Figure 2D). Kaplan-Meier survival curves indicated
that the high PI4K2B expression group had significantly better overall survival compared to the low expression group (p <
0.01) (Figure 2E).

A Gender PINM stage Pk St

Figure 2 (A) Expression of PI4K2B in CRC tumor samples from patients of different sexes. (B) Expression of PI4K2B in CRC tumor samples from
patients of different age groups. (C) Expression of PI4K2B in CRC tumor samples from different tumor stages. (D) Sankey diagram depicting the
correlation between P14K2B and various clinical parameters in CRC. (E) Kaplan-Meier survival curves for high expression group and low

expression group of PI4K2B
3.3 PIl4K2B as an independent prognostic factor for CRC

We performed univariate (Figure 3A) and multivariate (Figure 3B) Cox regression analyses on PI4K2B and CRC
prognosis, generating forest plots that identified PI4K2B as an independent prognostic factor for CRC. Subsequently,
nomograms and their calibration curves were plotted (Figure 3C, D), illustrating the contribution of each factor to the
multivariate Cox regression model. These nomograms enabled prediction of 1-year, 3-year, and 5-year overall survival
rates for individual patients. The model exhibited good predictive accuracy and stability, with a C-index of 0.745.
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Figure 3 (A) Forest plot of univariate Cox regression analysis for PI4K2B expression, age, sex, and tumor TNM stage in CRC. (B) Forest plot of
multivariate Cox regression analysis for PI4K2B expression, age, sex, and tumor TNM stage in CRC. (C) Nomogram for predicting survival

probability based on PI4K2B expression, age, sex, and tumor TNM stage in CRC. (D) Calibration curve of the nomogram
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3.4 PI4K2B protein interaction network, GSEA, and gene correlation diagram

To further explore the role of PI4K2B in CRC, we constructed a PI4K2B PPI network (Figure 4A). GSEA for PI4K2B
revealed its enrichment in 12 pathways: E2F targets, G2M checkpoint, protein secretion, MYC targets V1, mTORC1
signaling, androgen response, unfolded protein response, mitotic spindle, oxidative phosphorylation, spermatogenesis,
heme metabolism, and fatty acid metabolism (Figure 4B). We also identified genes in CRC whose expression positively
and negatively correlated with PI4K2B expression and generated a correlation network (Figure 4C, D).
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Figure 4 (A) Protein-protein interaction network of PI4K2B. (B) Hallmark gene set enrichment analysis for PI4K2B in CRC. (C) Genes positively
correlated with PI4K2B expression in CRC. (D) Genes negatively correlated with PI4K2B expression in CRC

3.5 Differential gene expression analysis of high and low PI4K2B expression groups

We selected 155 samples each from the top 25% (G1) and bottom 25% (G2) of PI4K2B expression levels from 620 CRC
samples, forming two groups for differential analysis. In G1, a total of 682 upregulated and 16 downregulated genes were
identified (Figure 5A, B). Enrichment analysis revealed that the 682 upregulated genes were mainly enriched in pathways
related to cell cycle, nuclear division, and mitosis. Univariate Cox regression analysis was conducted on 698 DEGs,
identifying 84 genes associated with CRC prognosis. Risk scores were calculated based on these genes, categorizing 620
CRC samples into high- and low-risk groups. Kaplan-Meier survival curves demonstrated significantly worse overall
survival in the high-risk group compared to the low-risk group. Furthermore, a multivariate Cox regression model was
constructed using these 84 genes, and an ROC curve was plotted. The model displayed excellent predictive performance,
with area under the curve (AUC) values of 0.703, 0.768, and 0.855 for 1-year, 3-year, and 5-year survival, respectively.
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Figure 5 (A) Volcano plot of differentially expressed genes between high PI4K2B expression group (G1) and low expression group (G2). (B)
Heatmap of differentially expressed genes in G1 and G2. (C) KEGG and GO enrichment analysis of differentially expressed genes between G1 and
G2. (D) Prognostic risk score, survival scatter plot, and gene expression heatmap based on the expression of prognosis-related DEGs between G1
and G2. (E) Kaplan-Meier survival curves for high-risk and low-risk groups. (F) ROC curve for predicting CRC prognosis based on prognosis-related

DEGs between G1 and G2

3.6 Relationship between PI4K2B and CRC tumor immune features

In G1, the abundance of neutrophils, macrophages, dendritic cells, B cells, and CD8+ T cells was significantly higher
compared to G2 (p < 0.01) (Figure 6A). PI4K2B expression exhibited a significant positive correlation (p < 0.01) with the
abundance of these five cell types (Figure 6B), with the most pronounced association observed with CD8+ T cell
infiltration (Figure 6C). TIP analysis (Figure 6D) revealed a non-significant negative correlation between PI4K2B and tumor
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immune cell infiltration. Immune checkpoint-related genes CD274, CTLA4, HAVCR2, PDCD1LG2, and TIGIT were
significantly upregulated in G1 (p < 0.05) (Figure 6E). TIDE algorithm predictions indicated a higher immunotherapeutic
response rate in the G1 group, with significantly lower TIDE scores compared to G2 (p < 0.05) (Figure 6F).
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Figure 6 (A) Immune cell infiltration characteristics of G1 and G2. (B) Scatter plot of the correlation between PI14K2B expression and immune cell
infiltration. (C) Correlation matrix for PI4K2B expression, immune cell infiltration, and pairwise correlations between immune cells. (D) Correlation
matrix for PI4K2B expression, Tumor Immune Phenotype (TIP), and pairwise correlations between TIP components. (E) Expression of immune

checkpoints in G1 and G2. (F) TIDE algorithm prediction of the response to immunotherapy in G1 and G2 groups

3.7 Relationship between PI4K2B and CRC drug sensitivity in CRC

Finally, we analyzed the relationship between PI4K2B expression and IC50 values for three CRC therapeutic drugs (5-
fluorouracil, irinotecan, and cetuximab), as well as predicting drug treatment responses for G1 and G2. The results
indicated a significant negative correlation between PI4K2B expression and IC50 values for all three drugs (p < 0.07)
(Figure 7). 1C50 values for the three drugs were significantly lower in the high PI4K2B expression group compared to the
low expression group (p < 0.01) (Figure 7), suggesting improved treatment efficacy.

Figure 7 (A) Scatter plot of the correlation between PI4K2B expression and the half-maximal inhibitory concentration (IC50) of 5-fluorouracil,

irinotecan, and cetuximab. (B) IC50 values of 5-fluorouracil, irinotecan, and cetuximab in G1 and G2 groups

4 Discussion

The PI4K family has been reported to be closely related to tumorigenesis, development, and treatment[8, 9]. However,
there are few reports on the relationship between its important member, PI4K2B, and CRC.

First, we focused on exploring the potential mechanisms underlying PI4K2B's protective role in CRC prognosis. PPls
analysis indicated that PI14K2B interacts with other PI14K family members, PIP5K family member 1, PIP5K1A/C, and PIK3C3.
These proteins have been shown to promote cancer cell growth=, invasion, and migration, and they could serve as
potential therapeutic targets for cancer=. PI4K2B may exert inhibitory or synergistic effects with these proteins.

GSEA revealed enrichment in pathways such as E2F targets=, G2M checkpoint, and protein secretion, which are
associated with cancer cell proliferation, apoptosis, tumor growth, and metastasis. Differential gene expression analysis
indicated that DEGs based on PI4K2B expression levels were enriched in pathways related to cell cycle, nuclear division,
and mitosis.

We found that PI4K2B expression levels were significantly positively correlated with the abundance of neutrophils,
macrophages, dendritic cells, B cells, and CD8+ T cells, and significantly negatively correlated with CD8+ T cell infiltration.
This might imply that PI4K2B is involved in regulating immune cell infiltration, particularly playing a crucial role in CD8+ T
cell activation or migration. However, TIP analysis showed a non-significant correlation between PI4K2B and tumor
immune cell infiltration. It means PI4K2B is not the direct driver of the infiltration of CD8+ T cell but a marker. TIDE
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algorithm prediction indicated a higher immunotherapeutic response rate in the high PI4K2B expression group. These
findings highlight the potential role of PI4K2B in modulating the tumor immune microenvironment, potentially serving as
a reliable target for consideration in CRC immunotherapy.

Finally, we analyzed the relationship between PI4K2B and CRC therapeutic drugs. High PI4K2B expression was
significantly negatively correlated with IC50 values for 5-fluorouracil, irinotecan, and cetuximab. IC50 is used to measure
cellular sensitivity to drugs, implying that high PI4K2B expression may lead to better CRC treatment outcomes, offering
new avenues for CRC treatment.

5 Conclusion

In conclusion, we demonstrate that PI4K2B functions as a Janus-faced player in CRC, with its expression elevated in
CRC tissues but acting as a protective factor for CRC patient prognosis.
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