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Abstract
BACKGROUND 
Phospholipase A2 (PLA2) enzymes are pivotal in various biological processes, 
such as lipid mediator production, membrane remodeling, bioenergetics, and 
maintaining the body surface barrier. Notably, these enzymes play a significant 
role in the development of diverse tumors.

AIM 
To systematically and comprehensively explore the expression of the PLA2 family 
genes and their potential implications in cholangiocarcinoma (CCA).

METHODS 
We conducted an analysis of five CCA datasets from The Cancer Genome Atlas 
and the Gene Expression Omnibus. The study identified differentially expressed 
genes between tumor tissues and adjacent normal tissues, with a focus on 
PLA2G2A and PLA2G12B. Gene Set Enrichment Analysis was utilized to pinpoint 
associated pathways. Moreover, relevant hub genes and microRNAs for 
PLA2G2A and PLA2G12B were predicted, and their correlation with the pro-
gnosis of CCA was evaluated.

RESULTS 
PLA2G2A and PLA2G12B were discerned as differentially expressed in CCA, 
manifesting significant variations in expression levels in urine and serum between 
CCA patients and healthy individuals. Elevated expression of PLA2G2A was 
correlated with poorer overall survival in CCA patients. Additionally, the study 
delineated pathways and miRNAs associated with these genes.

https://www.f6publishing.com
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CONCLUSION 
Our findings suggest that PLA2G2A and PLA2G12B may serve as novel potential diagnostic and prognostic 
markers for CCA. The increased levels of these genes in biological fluids could be employed as non-invasive 
markers for CCA, and their expression levels are indicative of prognosis, underscoring their potential utility in 
clinical settings.

Key Words: PLA2G2A; PLA2G12B; Diagnostic; Prognostic biomarkers cholangiocarcinoma

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study reveals significant findings in cholangiocarcinoma (CCA) research, focusing on the roles of PLA2G2A 
and PLA2G12B enzymes. Key discoveries include the elevated expression of these enzymes in CCA, their involvement in 
carcinogenic pathways, and their potential as diagnostic and prognostic biomarkers. Notably, PLA2G2A’s expression 
correlates with poor survival outcomes in CCA patients. Additionally, the study highlights the prognostic value of associated 
microRNAs in serum and urine, offering new insights into non-invasive biomarkers for CCA. The research underscores the 
need for further validation and exploration of these findings in clinical settings.

Citation: Qiu C, Xiang YK, Da XB, Zhang HL, Kong XY, Hou NZ, Zhang C, Tian FZ, Yang YL. Phospholipase A2 enzymes 
PLA2G2A and PLA2G12B as potential diagnostic and prognostic biomarkers in cholangiocarcinoma. World J Gastrointest Surg 
2024; 16(2): 289-306
URL: https://www.wjgnet.com/1948-9366/full/v16/i2/289.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i2.289

INTRODUCTION
Cholangiocarcinoma (CCA) represents a complex spectrum of highly heterogeneous malignancies originating within the 
biliary tract. Its global incidence has been progressively increasing, presently constituting approximately 15% of all 
primary hepatic malignancies and about 3% of gastrointestinal cancers[1]. CCA is stratified into three primary subtypes: 
Intrahepatic CCA (iCCA), perihilar CCA (pCCA), and distal CCA (dCCA)[2]. Statistically, the incidence of iCCA in the 
United States has shown a continuous upward trajectory from 1973 to 2012[3]. The current management strategy for CCA 
integrates a combination of systemic chemotherapy, targeted radiotherapy, and surgical intervention[4]. Recent 
advancements in understanding the molecular intricacies of CCA, including its tumor microenvironment, have been 
pivotal in shedding light on its pathogenesis, the mechanisms underlying drug resistance, and in identifying promising 
new targets for therapeutic intervention. These insights are critical in a landscape where the complex biology of CCA 
continues to challenge effective treatment and patient outcomes.

The phospholipase A2 (PLA2) enzyme family, characterized by its ability to hydrolyze the sn-2 acyl bond of glycero-
phospholipids, plays a crucial role in a variety of cellular processes including lipid metabolism, inflammation, and cell 
proliferation[5,6]. The PLA2 superfamily consists of 16 groups of structurally and functionally diverse enzymes[7]. PLA2 
enzymes not only play a critical role in the production of lipid mediators but also play a critical role in membrane 
remodeling, bioenergetics, and body surface barriers, thus participating in many biological events. Therefore, disorders of 
lipid metabolism regulated by PLA2 are commonly associated with a variety of diseases[8-10]. In this study, we discussed 
5 main types of PLA enzymes types of PLA2 enzymes include the secreted (sPLA2), cytosolic (cPLA2), calcium-
independent (iPLA2), platelet-activating factor acetylhydrolase (PAF-AH), also known as lipoprotein-associated PLA2 
(Lp-PLA2), lysosomal PLA2 (LPLA2)[9].

The objective of this research was to conduct a thorough and systematic examination of the gene expression of the 
PLA2 family, with an emphasis on unraveling their potential roles in CCA. To achieve this, we meticulously collected 
clinical data, expression profiles, and copy number variations of CCA patients from two robust databases: The Cancer 
Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO). Initially, our analysis focused on identifying statist-
ically significant differentially expressed genes (DEGs) between normal and tumor tissues in CCA patients, using data 
from five distinct datasets. This approach enabled us to pinpoint potential genetic markers, specifically within the PLA2 
family. Notably, PLA2G2A and PLA2G12B exhibited differential expression between normal and tumor samples [P < 0.05 
and |log2 fold change (FC)| > 1]. Subsequent Gene Set Enrichment Analysis (GSEA) suggested their involvement in key 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. Further, we delved into the copy number variations of 
PLA2G2A and PLA2G12B in CCA cases to discern the impact of genetic and epigenetic alterations on gene expression. 
The pathways related to PLA2G2A and PLA2G12B were extensively explored through GSEA, which also facilitated the 
prediction of associated hub genes and microRNAs (miRNAs), Lastly, the relationship between patients’ overall survival 
(OS) and clinicopathological characteristics was rigorously evaluated using univariate Cox regression analysis. The 
prognostic significance of PLA2G2A and PLA2G12B was further substantiated through the construction of survivorship 
curves and the application of the Cox proportional hazards model.

https://www.wjgnet.com/1948-9366/full/v16/i2/289.htm
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In conclusion, our study employed a suite of sophisticated bioinformatics tools to meticulously investigate the 
distinctive expression patterns and the multifaceted prognostic significance of PLA2G2A and PLA2G12B in CCA. This 
comprehensive analysis has not only shed light on the unique roles of these genes in CCA but also paved the way for 
their potential application in enhancing the diagnostic accuracy and therapeutic strategies for CCA patients. Our findings 
underscore the importance of these biomarkers in the clinical landscape of CCA and suggest new avenues for future 
research aimed at improving patient outcomes.

MATERIALS AND METHODS
Sources and types of the data
Download the clinical data of CCA patients from the TCGA database (https://portal.gdc.cancer.gov) and five datasets 
(GSE107943, GSE132305, GSE26566, GSE32225, and GSE76311) of the GEO dataset (https://www.ncbi.nlm.nih.gov/geo). 
miRNA profiles in serum and urine extracellular vesicles (EVs) of patients with CCA, Cholangitis [primary sclerosing 
cholangitis (PSC)], and normal control (GSE144521). miRNA blood serum samples were extracted from CCA patients, 
cholelithiasis patients, and healthy subjects (GSE85589).

cBioPortal analysis
cBioportal (https://www.cbioportal.org/) is a bioinformatics tool developed for comprehensive genomics analysis[11]. 
Meanwhile, the cBioPortal for Cancer Genomics provides visualization, analysis, and downloading of large-scale cancer 
genomics datasets[12,13].

TargetScanHuman and MiRDB: miRNA target prediction database
TargetScan (v7.0) (http://www.targetscan.org/vert_71/) provides an option to sort the predicted targets of mammalian 
miRNAs. There are two sorts, A: According to Cumulative Weighted Context++ Score, which is based on the predicted 
inhibitory effect, B: According to evolution conservative targeting probability ranks the Pct scores of the longest 3-UTR 
subtype[14]. MiRDB is an online database for miRNA target prediction and functional annotation (http://mirdb.org/). 
The bioinformatics tool MirTarget is used to predict all targets in MiRDB. MirTarget is developed by analyzing thousands 
of miRNA-target interactions from high-throughput sequencing experiments. For each miRNA target pair, the database 
script scans the miRNA pre-selected binding site and generates the target feature predicted by mirTarget. The prediction 
result is an annotation table of all miRNA target pairs, including the target’s prediction score and miRNA sequence[15,
16]. The two databases have their advantages and disadvantages. Therefore, we selected the cross-genes in the two 
databases after screening as the predicted miRNA.

Prediction analysis of PLA2G2A, PLA2G12B-related hub Genes Ontology functional annotation
We screened the PLA2G2A and PLA2G12B-related hub genes. We then uploaded these genes to the David website (
https://david.ncifcrf.gov/) to perform Genes Ontology (GO) functional enrichment analysis, with P < 0.05 as the cutoff 
value.

Statistical analysis
Univariate and multivariate Cox regression analysis was performed on PLA2 family members to evaluate the OS of 
patients: hazard ratio (HR) and 95% confidence interval (95%CI). The paired t test was used to compare the tumor and 
adjacent normal tissues (NAT) in GEO and TCGA-CCA datasets. Statistics software version 23.0 from SPSS Inc. (Chicago, 
IL, United States) was used. A two-tailed P < 0.05 was considered significant for all tests.

RESULTS
Nineteen PLA2 genes were differentially expressed in CCA
In our investigation, we incorporated five distinct datasets, comprising tumor (T) samples (n = 443) and NAT samples (n 
= 225) in CCA. Utilizing heatmap visualization, we identified significant differential expression in nineteen PLA2 family 
genes, encompassing subfamilies sPLA2, cPLA2, iPLA2, PAF-AH, Lp-PLA2, and LPLA2. These differential expressions 
were statistically significant (P < 0.05) (Figure 1A). Further analysis was conducted on the expression of these 19 DEGs in 
both T and NAT groups, which was visually represented (Figure 1B). Additionally, we examined the inter-gene correl-
ations and networks, noting significant and positive correlations among the genes. Positive and negative correlations 
were indicated in red and blue, respectively, with cell numbers representing Spearman correlation coefficients 
(Figure 1C).

In the T group, genes such as PLA2G12A, PLA2G12B, PLA2G1B, PLA2G2A, PLA2G4E, PLA2G5, Patatin like 
phospholipase domain containing protein 3 (PNPLA3), PNPLA4, PNPLA7, PNPLA8, and PRDX6 were predominantly 
down-regulated, while others were up-regulated. To delve deeper into the potential molecular function of the PLA2 gene 
family in CCA and tumor progression, we compared the DEGs between high and low PLA2 gene expression groups, 
with a cutoff criterion set as log2FC > 1, P < 0.05. Among these, two genes were notably down-regulated (Figure 1D). The 
expression levels of PLA2G2A and PLA2G12B across different datasets were further depicted through box diagrams 
(Wilcoxon signed-rank test, all P < 0.05, Figure 1E-J).

https://portal.gdc.cancer.gov
https://www.ncbi.nlm.nih.gov/geo
https://www.cbioportal.org/
http://www.targetscan.org/vert_71/
http://mirdb.org/
https://david.ncifcrf.gov/
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Figure 1 Analyzing phospholipase A2 gene family in cholangiocarcinoma: Expression patterns and correlations. A: The enrichment levels of 
the 5 phospholipase A2 (PLA2) gene families include cytosolic PLA2, calcium-independent PLA2, lysosomal PLA2, platelet-activating factor acetylhydrolase, and 
secreted PLA2; B: The expression level of PLA2 gene family in cholangiocarcinoma (T) and normal tissues adjacent (NAT); C: Correlations between the expression 
of each PLA2 family member in cholangiocarcinoma; D: Differentially expressed genes between the PLA2 gene family in tumor and normal samples were shown in 
the volcano plot, with blue dots representing significantly down-regulated genes and red dots representing significantly up-regulated genes.; E-J: The expression 
levels of PLA2G2A and PLA2G12B in public databases (The Cancer Genome Atlas and the Gene Expression Omnibus) were found in the T and NAT groups. . aP < 
0.05, bP < 0.01, cP < 0.001. NAT: Adjacent normal tissues

Genetic alteration in PLA2G12B, PLA2G2A, and functional enrichment analysis
We analyzed the genetic alterations in PLA2G12B and PLA2G2A, considering mutation and copy number alteration data 
from various CCA studies. A total of 91 samples were obtained from three studies from TCGA, JHC, and the National 
Cancer Centre of Singapore, among which 2.2% samples involved deep deletion of PLA2G12B, 1.1% samples involved 
amplification of PLA2G2A (Figure 2A). For a further comprehensive exploration of functions of the PLA2 gene family in 
CCA, we selected “PLA2G12B and PLA2G2A gene sets” to perform GSEA. The GSEA results included: Cancer-related 
terms such as chemical carcinogenesis, cholesterol metabolism, ascorbate, and alternate metabolism, complement and 
coagulation cascades, fat digestion and absorption, phenylalanine metabolism, drug metabolism - cytochrome P450, 
steroid hormone biosynthesis, pentose and glucuronate interconversions (Figure 2B and C). Taken together, these results 
suggested that PLA2G12B and PLA2G2B might be linked with tumor development, metabolism in CCA.

The relevant hub genes for PLA2G2A and PLA2G12B
Utilizing the GEO gene dataset, we identified hub genes related to the carcinogenesis and progression of PLA2G2A and 
PLA2G12B. Notable genes included GPX3, FGF21, GLYTK, MLXIPL, NR113, REEP6, SLC1A2, and SLC6A12, all showing 
log2FC > 1, P < 0.05 (Figure 3A and B). Soon afterward, correlation analysis of hub genes, PLA2G2A and PLA2G12B was 
carried out. The number in the small square represents the Spearman correlation coefficient, and the value represents the 
correlation degree (Figure 3C). Figure 3D shows the differential expression of the relevant hub genes between CCA 
tumors and NAT in all data sets. A box plot was used to show the distribution of gene expression levels, and the 
Wilcoxon test was used to evaluate the statistical significance of differential expression. The results showed that the 
relevant hub genes were down-regulated in the CCA group. To better understand the role of hub genes in the occurrence 
and development of CCA disease, GO and KEGG pathway enrichment analysis were applied to discover the function of 
these relevant hub genes (the cut-off criterion was set as log2FC > 1, P < 0.05). GO analysis showed that the biological 
processes involved in these relevant hub genes were organic acid transport, carboxylic acid transport, acid secretion. The 
molecular function, involved in these relevant hub genes were amino acid: Sodium symporter activity, amino acid: Cation 
symporter activity, neurotransmitter: Sodium symporter activity, organic acid: Sodium symporter activity, and PLA2 
activity (Figure 3E). This was followed by a DAVID analysis of proteins for the enrichment of the GO and KEGG 
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Figure 2 Expression and correlation of PLA2 gene families in cholangiocarcinoma and adjacent normal tissues. A: Genetic alterations of 
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PLA2G2A and PLA2G12B genes in patients from three datasets (each rectangle represents one patient; not all patients were shown (n = 91). Gray represents no 
mutation, and different colors represent different mutation types; B: Gene Set Enrichment Analysis (GSEA) analyses displayed key pathways associated with 
PLA2G2A expression; C: GSEA analyses displayed key pathways associated with PLA2G12B expression.

functional pathways. We selected 10 GO terms respectively (Figure 3F). which included organic acid transport, carboxylic 
acid transport, organic anion transport, arachidonic acid secretion, acylglycerol homeostasis, triglyceride homeostas-
isacid, acid secretion, monocarboxylic acid transport, arachidonate transport, positive regulation of glucose import. 
Moreover, KEGG pathway analysis identified arachidonic acid metabolism, alpha-Linolenic acid metabolism, ether lipid 
metabolism, Ras signaling pathway, pancreatic secretion, vascular smooth muscle contraction, linoleic acid metabolism, 
fat digestion and absorption, synaptic vesicle cycle, glycerophospholipid metabolism (Figure 3G).

Prediction of miRNA targets associated with PLA2G2A and PLA2G12B
miRNAs are small endogenous RNAs that regulate post-transcriptional silencing of target genes. A single miRNA 
molecule can target hundreds of mRNAs and influence the expression of many genes involved in functional interaction 
pathways. Certain miRNAs can be secreted into the blood as free miRNAs. They can be detected in serum as a highly 
stable form. In exploring the role of miRNAs in post-transcriptional gene regulation, we identified specific miRNA targets 
for PLA2G2A and PLA2G12B. Using TargetScan and MiRDB databases, we obtained 29 intersecting miRNA targets for 
the PLA2G2A gene and 19 for the PLA2G12B gene (Figure 4A and B). An expression microarray series, GSE53870, 
containing CCA tumor and non-tumor samples was downloaded from the GEO database. This series, containing 1094 
miRNA probes from 63 CCA patients and 9 normal intrahepatic bile ducts, facilitated the construction of a miRNA 
expression profile. Differential expression of these miRNAs between tumor and normal samples was analyzed using the 
“edgeR” package, with a log2FC > 0.5 (Figure 4C). Subsequently, six predicted miRNA genes were analyzed further, with 
the P value and HR of selected genes determined via univariable Cox regression analysis (P < 0.05) (Figure 4D). 
Additional survival analyses were conducted for hsa-miR-363-5p, hsa-miR-4267, and hsa-miR-9-5p, showing a better 
prognosis and survival in the high expression group (Figure 4E-G). We also employed the “ggalluvialR” package for data 
visualization analysis of miRNA targets, PLA2G2A, PLA2G12B, and hub gene network data flow, presented in a Sankey 
diagram. This analysis demonstrated correlations between PLA2G2A, PLA2G12B, and related concentrator genes 
(Figure 4H).

Expression levels of PLA2G2A and PLA2G12B in urine and serum
To clarify the expression levels of PLA2G2A and PLA2G12B in serum and urine of CCA patients, we utilized the 
GSE14521 expression microarray series from the GEO database. This series included CCA tumor samples, PSC samples, 
and non-tumor (N) samples. Total RNA was obtained from normal bile duct cells (NHC) and tumor bile duct cells (EGI1 
and TFK1) cell lines, as well as from EVs isolated from serum, urine, and bile duct cell supernatant. The analysis revealed 
that PLA2G12B expression in serum EVs was significantly higher in the CCA and PSC groups compared to the normal 
group (P = 0.015). Similarly, PLA2G2A expression was significantly higher in the CCA group compared to the PSC group 
(P = 0.015). Additionally, PLA2G2A expression in urinary EVs was significantly higher in both the CCA and PSC groups 
compared to the normal group (P = 0.013). These data were analyzed using the Kruskal-Wallis test (Figure 5A and B).

Prediction of miRNA targets associated with PLA2G2A and PLA2G12B in serum and urine
To further elucidate miRNA targets linked to PLA2G2A and PLA2G12B, we utilized the GSE85589 microarray series. This 
dataset was stratified into two cohorts: Intrahepatic cholangiocarcinoma (ICC) and a normal control group. We 
performed a detailed analysis of the differential expression of miRNAs between these groups using a volcano plot 
methodology. The criteria for significant differential expression were set at a log2FC greater than 0.1 and adjusted P 
values less than 0.05. Our analysis revealed an up-regulation in the expression of has-miR-3128, has-miR-4712-3p, and 
has-miR-1238-3p, and a down-regulation of has-miR-4739, has-miR-149-3p, and has-miR-607 (Figure 5C). To validate 
these findings, we examined the expression of these six miRNAs within a GSE data cohort comprising serum samples 
from 101 ICC patients, 10 cholelithiasis patients (Ch), and 19 healthy subjects (N). To verify the expression of the six 
miRNA in the GSE data cohort, which included serum samples from 101 ICC patients, 10 cholelithiasis patients (Ch), and 
19 healthy subjects (N). The box diagram showed that the expression of has-miR-4749, has-miR-149-3p in Ch and N 
groups was significantly higher than that of the ICC group (P = 0.015, P = 0.0054). The expression of gene has-miR-3128 
was the highest in the Ch group and significantly higher than that in the N group (Kruskal Wallis test) (Figure 5D). The 
area under the curve (AUC) values were calculated to gauge the accuracy of each potential biomarker. In the context of 
serum EVs, PLA2G12B presented an AUC of 0.861 when differentiating CCA from the normal group (Figure 5E), and an 
AUC of 0.917 when contrasting CCA against the PSC group (Figure 5F). In urinary Evs, PLA2G2A demonstrated an AUC 
of 0.878, underscoring its significance in separating CCA from the normal group (Figure 5G). Further analysis within the 
GSE85589 dataset revealed that has-miR-3128, has-miR-4712-3p, has-miR-1238-3p, has-miR-4739, has-miR-149-3p, and 
has-miR-607 exhibited varying AUC values, indicating their respective capacities to serve as reliable biomarkers. Notably, 
has-miR-1238-3p showed a promising AUC of 0.653 in discriminating CCA from the normal group (Figure 5H), and an 
AUC of 0.572 when differentiating between CCA and Ch (Figure 5I). Furthermore, the application of Least Absolute 
Shrinkage and Selection Operator (LASSO) regression analysis was crucial in pinpointing six key genes: Has-miR-3128, 
has-miR-4712-3p, has-miR-1238-3p, has-miR-4739, has-miR-149-3p, and has-miR-607. The LASSO method, a regular-
ization technique designed to enhance the model’s predictive accuracy while preventing overfitting, identified these 
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Figure 3 Hub genes linked to PLA2G2A and PLA2G12B in cholangiocarcinoma: expression, correlations, and pathway analysis. A and B: 
Venn diagram showing the relevant hub genes associated with PLA2G2A, PLA2G12B expression, and differentially expressed in cholangiocarcinoma; C: Correlations 
between the expression of each relevant hub gene; D: The expression level of the relevant hub genes in cholangiocarcinoma (T) and normal tissues adjacent; E: 
Pathway enrichment and Genes Ontology (GO) function analysis of down-regulated genes correlated with biological BP and MF; F: Chord plot displaying the top 10 
significant GO terms and their genes; G: Chord plot displaying the top 10 significant Kyoto Encyclopedia of Genes and Genomes terms and their genes. aP < 0.05. 
NAT: Adjacent normal tissues.

genes by shrinking less relevant coefficients to zero, effectively selecting the most robust set of predictive variables 
(Figure 6A and B). The coefficient profile plot against the log (λ) sequence depicted in Figure 6A illustrates the trajectories 
of these coefficients as the regularization parameter λ is tuned, which is instrumental in model selection. The optimal λ 
value was selected based on the point where the model achieved the best balance between complexity and fit, as 
demonstrated by the partial likelihood deviance shown in Figure 6B. The red dots represent the partial likelihood 
deviance values across a range of λ values, and the gray lines indicate the standard error, highlighting the precision of the 
model at each point. This analysis solidified the prognostic utility of the identified miRNAs, substantiating their roles as 
independent prognostic factors for the condition under study.

Screening and identification of prognostic genes
We selected 30 CCA patients with complete clinical data from GSE107943 for further analysis. Clinical data mainly 
includes patient’s gender, gender, survival, pathological diagnosis, etc. We performed univariate (Figure 6D) and 
multivariate (Figure 6C) Cox regression analyses to ascertain the independence of the Clinical features as a prognostic 
factor for other features, such as gender, age, tumor-grade, pathologic-stage, PLA2G2A, and PNPLA2. The results 
showed that pathologic-stage, PLA2G2A, and PNPLA2 were independent risk factors for prognosis. Then, by drawing a 
survival curve to clarify the pathological grade, the expression of PLA2G2A and PNPLA2 affect the prognostic survival. 
As indicated by the results, the higher the pathological stage of CCA, the lower the prognosis and survival rate (P = 
1.284e-02) (Figure 6E). It also shows that PLA2G2A overexpression was significantly associated with a poorer prognosis 
(P = 7.899e-03), PNPLA2 overexpression was significantly associated with a better prognosis (P = 2.761e-03) (Figure 6F 
and G). Further analysis utilizing receiver operating characteristic (ROC) curves has provided insight into the prognostic 
value of pathological staging, overexpression of PLA2G2A, and overexpression of PNPLA2 in predicting 1, 3, and 5-year 
OS rates for CCA patients, as presented in Figure 6H-J. The ROC curves represent the trade-off between sensitivity and 
specificity at various thresholds, and the AUC quantifies the overall ability of these clinical factors to discriminate 
between patient outcomes effectively. For the 1-year survival rate, the AUC values ranged from moderate to high, 
suggesting that the variables under consideration have a considerable short-term prognostic impact on patient survival. 
The AUC values for 3-year survival predictions show a slight decrease, which could indicate a reduced predictive power 
for medium-term survival outcomes. Notably, the 5-year survival AUC values demonstrate a varied predictive ability, 
with some curves showing a marked decline in AUC, potentially reflecting the multifactorial nature of long-term survival 
and the challenges associated with long-term prognostic predictions in CCA. The AUC for 5-year survival in Figure 6H 
(AUC = 0.590) reflects a modest predictive capacity, which increases slightly for the 3-year survival (AUC = 0.645) and 
further for 1-year survival (AUC = 0.682), suggesting that the evaluated biomarkers may be more indicative of imminent 
outcomes rather than distant ones. Conversely, the AUCs presented in Figure 6J for 5-year survival (AUC = 0.099) exhibit 
a notably poor predictive performance, implying that the biomarkers evaluated are not reliable predictors for long-term 
survival in CCA patients.
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Figure 4 Analysis of microRNA targets in tumor vs normal samples and their prognostic significance in cancer. A: Using TargetScan and 
miRDB databases, 29 intersecting microRNA (miRNA) targets for the PLA2G2A gene; B: Using TargetScan and miRDB databases, 19 intersecting miRNA targets for 
the PLA2G12B gene; C: Differentially expressed genes between miRNA targets in tumor and normal samples were shown in the volcano plot; D: Forest plot of the 
univariate Cox regression analysis in co-intersection miRNA targets; E-G: High expression of hsa-miR-363-5p, hsa-miR-4267, and hsa-miR-9-5p genes was 
associated with a worse prognosis; H: Sankey diagram visual analysis of miRNA targets, PLA2G2A, PLA2G12B, and Hub gene network data.

DISCUSSION
PLA2 hydrolyze the sn-2 acyl bond of glycerophospholipids to release lysophospholipids and most polyunsaturated free 
fatty acids. The two substances released are widely involved in physiological processes such as cell proliferation, survival, 
apoptosis, inflammation, and carcinogenesis[17]. PLA2G2A is a member of the PLA family. Recent studies have shown 
that elevated serum levels of PLA2G2A were found in prostate cancer patients and associated with increased tumor grade 
in literature[18]. Related studies have also pointed out that chronic hepatitis B, hepatocellular carcinoma, and the level of 
PLA2G2A in the patient’s serum are significantly higher than those of normal people[19]. Dong et al[20] pointed out that 
perfluorodecanoicacid inhibits cell senescence by inhibiting the expression of PLA2G2A protein and increases the prolif-
eration ability of gastric cancer cells. Inhibiting the expression of PLA2G2A is a new molecular mechanism engaged in 
regulating tumor proliferation. In the research of non-tumor diseases, some scholars also believe that PLA2G2A 
polymorphisms are involved in the risk of developing metabolic syndrome and type 2 diabetes mellitus and are 
associated with subclinical atherosclerosis in this group of patients[21]. However, the roles of most PLA2 family members 
and their regulatory mechanisms in CCA cancer remain unclear. In recent years, next-generation sequencing technology 
has made significant progress and is widely used in the field of oncology[22]. Consequently, we adopted a collection of 
bioinformatics methods to analyze the RNA sequence data of CCA tissues to provide a general and comprehensive 
analysis of PLA2 family genes in CCA.

Next, we investigated the enrichment of PLA2G2A and PL2G12B in key pathways, suggesting that the two have the 
same enrichment results in carcinogenic, cholesterol, lipid metabolism, and cytochrome P40 metabolic pathways. In 
addition, by searching for hub genes through 5 sets of GEO sequencing cohort data, we also screened the CCA group 
with significantly down-regulated related genes and performed GO and KEGG pathway enrichment analysis. The results 
indicated that the significantly enriched in arachidonic acid metabolism, RAS signaling pathway, and monocarboxylic 
acid transport, they have been considered as important cancer-promoting factors in tumor progression, as well as new 
targets for the prevention and treatment of tumors[23-27].

Another important aspect of this research is the prediction of miRNA molecules related to PLA2G2A and PLA2G12B, 
which, for now, have not been extensively studied. Use the selected miRNA molecules in the GSE sequencing data queue 
to confirm the differentially expressed miRNA according to the CCA group and the normal control group. At the same 
time, in virtue of the Cox regression analysis to verify the HR and P value, determine the difference has-miR-363-5p, has-
miR-4267, and has-miR-9-5p molecules, and evaluate their prognostic ability. The results demonstrated that miRNA 
associated with PLA2G2A and PLA2G12B were associated with prognostic survival in CCA patients, and the survival 
performance of the high expression group was worse than that of the low expression group. This finding aligns with our 
observations in CCA, where specific miRNAs associated with PLA2G2A and PLA2G12B demonstrate significant 
prognostic value. The differential expression of these miRNAs in serum and urine of CCA patients further emphasizes 
their potential as non-invasive diagnostic tools. Immediately afterward, we further paid attention to the expression of 
PLA2G2A and PLA2G12B in serum and urine EVs of CCA patients. many studies indicated that miRNAs stably existed 
in various body fluids, including serum, plasma, saliva, and urine. and they can transmit signals between cells and 
regulate intracellular gene expression. The use of exosomal miRNA as a new non-invasive biomarker has potential 
advantages[28-30]. In the past two decades, miRNAs have been pivotal in cancer research, serving as oncogenic or tumor-
suppressive indicators. They have emerged as promising diagnostic and prognostic markers in cancer, leading to 
numerous clinical trials. Despite initial challenges in miRNA therapy, advancements in synthetic RNA and delivery 
technologies are paving the way for their potential as next-generation cancer treatments[31]. Jana et al[32] found in the 
latest study that miR-216b induction may be useful for sensitizing tumors to chemotherapy and radiotherapy, the 
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Figure 5 Expression and diagnostic potential of PLA2G2A, PLA2G12B, and microRNAs in cholangiocarcinoma and related conditions. A 
and B: Expression of PLA2G2A, PLA2G12B in serum and urine. Intrahepatic cholangiocarcinoma (ICC), primary sclerosing cholangitis (PSC), and non-tumor (N); C: 
The differentially expressed microRNAs (miRNAs) related to PLA2G2A and PLA2G12B in serum were screened; D: The gene expression levels of 6 different miRNA 
molecules in serum. ICC, cholelithiasis (Ch) and N; E: Receiver operating characteristic (ROC) curves of PLA2G2A and PLA2G12B in serum extracellular vesicles in 
cholangiocarcinoma (CCA) and N groups; F: ROC curves of PLA2G2A and PLA2G12B in serum extracellular vesicles in CCA and PSC groups; G: ROC curves of 
PLA2G2A and PLA2G12B in urine extracellular vesicles in CCA and N groups; H: ROC curves of miRNAs were expressed differently in the ICC group and N group; I: 
ROC curves of miRNAs expressed differently in the ICC group and Ch group. CCA: Cholangiocarcinoma; PSC: Primary sclerosing cholangitis; EVs: Extracellular 
vesicles; AUC: Area under the curve; ICC: Intrahepatic cholangiocarcinoma.

expression of miR-216b may be associated with better overall and disease-free survival and might be potentially represent 
a prognostic biomarker for in multiple carcinomas. The current version of miRBase lists over 2600 mature human 
miRNAs, with a significant portion experimentally validated. These miRNAs, crucial in gene regulation, are implicated in 
complex cellular processes, including breast cancer metastasis. Petri and Klinge[33] highlighted the dual role of miRNA 
in cancer progression, with some promoting metastasis and others inhibiting metastasis. The study of miRNA’s impact on 
key metastatic pathways and their regulation in breast cancer emphasizes the need for more detailed research to 
understand their potential in therapeutic development[33]. It was found that the expression of PLA2G12B in the serum of 
the CCA group and PSC group was significantly higher than that of the normal group, but this phenomenon was not 
found in urine. However, PLA2G2A was still highly expressed in the serum and urine of CCA patients. After that, the 
potential differences in serum miRNA molecules between the ICC group and the normal control group were determined: 
Has-miR-3128, has-miR-4712-3p, has-miR-1238-3p, has-miR-4739, has-miR-149-3p, and has-miR-607 further confirmed 
that they were associated with biliary carcinoma. Use the selected miRNA molecules in the GSE sequencing data queue to 
confirm the differentially expressed miRNA according to the CCA and the normal control group. The consequence 
showed that the expressions of hsa-miR-4739 and hsa-miR-149-3p in the N group and the Ch group were significantly 
higher than those in the ICC group. eventually, the AUC values derived from the ROC curves serve as a testament to the 
discriminative efficiency of these biomarkers. PLA2G2A’s significant AUC in serum EVs underscores its potential utility 
in distinguishing CCA from non-cancerous conditions and from other diseases such as PSC. The AUC of 0.861 when 
differentiating CCA from normal groups (Figure 6E) indicates a high predictive accuracy, which could be pivotal in early 
detection strategies. Carbohydrate antigen 199 was used as a reference to evaluate the AUC value of the miRNA 
prediction model. Furthermore, the spectrum of AUC values observed for various miRNAs in the GSE85589 dataset 
reaffirms the heterogeneity and complexity of CCA. The relatively high AUC of has-miR-1238-3p in discriminating 
between CCA and normal controls, as well as CCA and Ch groups, emphasizes its potential as a non-invasive biomarker. 
While the AUCs for some biomarkers did not achieve the near-perfect discriminatory power, they nonetheless contribute 
valuable information to the collective understanding of CCA’s biomarker landscape. These findings are particularly 
relevant in the context of improving diagnostic methodologies and refining prognostic assessments in CCA. The 
integration of these miRNAs and PLA2 enzymes into a biomarker panel could enhance the sensitivity and specificity of 
CCA diagnostics, potentially leading to more personalized and effective patient management.

PLA2G2A regulators have prognostic value in cancer are of great significance. When patients were also grouped 
according to clinicopathological variables, multivariate analysis can group patients according to clinicopathological 
variables. It can distinguish the prognostic risk of gender, age, tumor grade, pathologic stage, PLA2G2A, and PNPLA2 
patients. Univariate analyses showed that pathologic stage, PLA2G2A, and PNPLA2 were significantly associated with 
OS.

The prognostic landscape of CCA is multifaceted, with molecular markers playing a pivotal role in forecasting patient 
outcomes. Our ROC curve analysis delineates the discriminative performance of pathological staging, PLA2G2A overex-
pression, and PNPLA2 overexpression in predicting 1, 3, and 5-year OS in CCA patients. The AUC values derived from 
these curves are indicative of the potential utility of these markers in clinical prognostication. For short-term survival, 
represented by the 1-year AUC, the markers demonstrate substantial predictive validity. However, as we extend the 
forecast to medium-term (3-year AUC) and long-term (5-year AUC) survival rates, the predictive power shows variation. 
The modest AUC of 0.590 for 5-year survival suggests a nuanced relationship between the evaluated markers and patient 
survival, which appears to diminish over time. This could be attributed to the complex interplay of genetic and environ-
mental factors that influence disease progression and patient resilience over extended periods.
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Figure 6 Least Absolute Shrinkage and Selection Operator model optimization and prognostic analysis of PLA2G2A and PNPLA2 in 
cholangiocarcinoma survival. A: A coefficient profile plot was generated against the log (λ) sequence. Selection of the optimal parameter (λ) in the Least 
Absolute Shrinkage and Selection Operator (LASSO) model; B: Partial likelihood deviance for LASSO coefficient profiles. The red dots represent the partial likelihood 
values, the gray lines represent the standard error. Validation of independent prognostic factors; C: Univariate Cox regression analysis was performed to determine 
the independence of clinical characteristics as prognostic factors; D: Multivariable Cox regression analysis to identify clinical characteristics as prognostic factors; E-
G: The survival curve for patients with, pathologic-stage, PLA2G2A, PNPLA2. The receiver operating characteristic (ROC) curve for 1, 3 and 5 overall survival of 
cholangiocarcinoma patients; H-J: 1-, 3-, and 5-years ROC curve corresponding to PLA2G2A, PNPLA2, and pathologic-stage. AUC: Area under the curve.

Interestingly, the AUCs for long-term survival presented in Figure 6J are notably low, raising questions about the 
reliability of these markers for long-term prognostic assessments in CCA. Such findings compel us to consider the 
temporal dynamics of biomarker efficacy. A marker that is predictive in the short term may not necessarily maintain its 
prognostic capability over the long term, underscoring the necessity for a dynamic prognostic model that adapts over 
time. Finally, our research evidence confirms that PLA2G2A of the PLA2 family is a cancer-related gene, but our study 
has some limitations. Firstly, our investigations into the role of PL2AG2A in tumors were based on data that was already 
existed in the GEO, TCGA, cBioPortal, TargetScanHuman, and MiRDB databases. However, we did not use our clinical 
samples to verify these outcomes. Secondly, we still need more sample sizes to confirm these results. Thirdly, we did not 
conduct in vivo and in vitro experiments to confirm the role of PLA2G2A in the arachidonic acid metabolism, RAS 
signaling pathway, and monocarboxylic acid transport, the need for larger, clinically diverse datasets and further 
validation through in vivo and in vitro studies remains. Such comprehensive studies are crucial to establish the full 
spectrum of PLA2G2A’s role in CCA and its potential utility in clinical settings. Hence, further studies are necessary to 
verify the role played by PLA2G2A in CCA.

CONCLUSION
In conclusion, our results suggest that PLA2G2A is a potential prognostic biomarker for CCA patients and is associated 
with the levels of arachidonic acid metabolism, RAS signaling pathway, and monocarboxylic acid transport. Relatively 
high levels of PLA2G2A in CCA may indicate a greater risk of tumor progression and close medical supervision will be 
necessary for such patients. while the studied markers show promise, particularly for near-term prognostication, their 
efficacy in predicting long-term survival in CCA is limited. This emphasizes the ongoing challenge in oncology to identify 
robust, time-resistant biomarkers. Future studies should aim to validate these findings and explore additional markers 
that may offer improved long-term prognostic power, thereby contributing to more personalized and effective patient 
management strategies.

ARTICLE HIGHLIGHTS
Research background
The study delves into the complex nature of cholangiocarcinoma (CCA), a heterogeneous set of malignancies in the 
biliary tract. It acknowledges the growing global incidence of CCA, now accounting for a significant portion of primary 
liver and gastrointestinal cancers. The research examines the role of phospholipase A2 (PLA2) enzymes in CCA, focusing 
on the differential expression of PLA2G2A and PLA2G12B genes and their potential as prognostic markers. This compre-
hensive analysis aims to enhance diagnostic and therapeutic strategies for CCA, addressing the complex biology that 
challenges current treatment approaches.

Research motivation
This study focuses on CCA, a group of complex biliary tract cancers. It aims to unravel the roles of specific PLA2 
enzymes, particularly PLA2G2A and PLA2G12B in CCA. The research addresses the challenge of understanding CCA’s 
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diverse genetic landscape and its implications for treatment resistance. Solving these issues could lead to breakthroughs 
in targeted therapies, improving prognosis and patient outcomes in CCA. This could significantly advance the field, 
offering insights into the molecular underpinnings of CCA and guiding future research directions.

Research objectives
The main objective of this research was to investigate the roles of PLA2G2A and PLA2G12B in CCA, focusing on their 
expression patterns and prognostic significance. The study realized these objectives by analyzing extensive bioinformatics 
data and highlighted the potential of these genes as biomarkers for CCA. Achieving these objectives is significant for 
future research, as it opens avenues for more targeted therapeutic strategies, improves diagnostic accuracy, and 
contributes to a better understanding of CCA’s molecular biology, potentially leading to enhanced patient care and 
outcomes.

Research methods
The study employs advanced bioinformatics and clinical data analysis to explore PLA2G2A and PLA2G12B genes in 
CCA. Using data from The Cancer Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO), it integrates gene 
expression profiling, microRNA (miRNA) analysis, and statistical methods to understand the genes’ roles and prognostic 
value, offering novel insights for future cancer research and therapy.

Research results
Our study makes significant contributions to the understanding of CCA by examining the gene expression of the PLA2 
family and its impact on CCA. We identified specific PLA2G2A and PLA2G12B genes that showed notable expression 
differences between normal and tumor tissues. These findings were further supported by our exploration of genetic 
alterations and pathway enrichment analyses. Additionally, we investigated the prognostic value of miRNAs related to 
these genes, providing new insights into their role in CCA.

Research conclusions
This study introduces a comprehensive bioinformatics analysis of PLA2G2A and PLA2G12B genes in CCA, providing 
new insights into their roles in cancer progression and prognosis. The methods involve advanced data analysis from 
databases like TCGA and GEO, emphasizing the significance of these genes in CCA’s molecular pathways. This approach 
contributes to understanding CCA’s complex biology and highlights potential diagnostic and therapeutic targets.

Research perspectives
Future research should focus on validating the roles of PLA2G2A and PLA2G12B in CCA using clinical samples, ex-
panding sample sizes for a more robust analysis, and conducting in vivo and in vitro experiments. These steps are crucial 
for understanding the molecular mechanisms of PLA2 in CCA and confirming their potential as diagnostic and 
therapeutic targets. Additionally, exploring the complex interactions between miRNAs and PLA2 enzymes, and their 
impact on CCA progression and patient prognosis, should be a priority.
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