
Clin. Lab. 5/2026 1 

Clin. Lab. 2026;72:XXX-XXX 

©Copyright 

ORIGINAL ARTICLE 
 

 

 

Diagnostic and Prognostic Significance of Apelin Early Ligand A 

(APELA) in Colorectal Cancer: Insights from Multi-Omics Analysis 
 

Zhiqiang Zhu 
 

Capital Institute of Pediatrics, Beijing, China 

 

 

 

 
SUMMARY 

 

Background: Colorectal cancer (CRC) is a major global health concern and is often diagnosed at advanced stages 

with poor clinical outcomes. Apelin early ligand A (APELA) has been identified as a potential contributor to tu-

mor progression, but its role in colon adenocarcinoma (COAD) remains unclear.  

Methods: The present study integrated transcriptomic data obtained from the Cancer Genome Atlas (TCGA) and 

Gene Expression Omnibus (GEO) to evaluate the APELA expression in COAD. Then, the expression profile, diag-

nostic/prognostic value, co-expression networks, and functional pathways of APELA were evaluated by in silico 

analysis approaches, such as R and STRING. Afterwards, the associated biological processes were explored by 

Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and Gene Set Enrichment Analysis 

(GSEA). 

Results: Compared to normal controls, the APELA expression was significantly upregulated in CRC tissues. How-

ever, there was no significant difference between the normal mucosa and adenomas. Receiver operating charac-

teristic (ROC) analysis indicated the potential of the APELA expression as a diagnostic marker. The high APELA 

expression correlated to the poor prognosis in COAD patients. The functional network analysis identified an asso-

ciation of APELA to PI3K signaling regulation and revealed that its co-expressed genes were downregulated in 

NK CD56 bright cells. GO and KEGG enrichment highlighted the roles of APELA expression in angiogenesis and 

cell migration. GSEA revealed that the APELA expression was positively associated with respiratory electron 

transport and protein synthesis pathways but negatively associated with extracellular matrix (ECM) remodeling.  

Conclusions: APELA influences CRC progression through multiple pathways (ECM remodeling, metabolic adap-

tation, and immune modulation), suggesting its potential as a promising diagnostic and prognostic biomarker and 

a potential therapeutic target in CRC. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250677) 
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LIST OF ABBREVIATIONS 

 

APELA - Apelin Early Ligand A 

Apelin - Apelin signaling pathway 

ADP-P2Y12 - ADP-P2Y12 signaling 

AUC - Area under the curve 

AHD - Adult heart development 

aDCs - Activated dendritic cells 

BMI - Body mass index 



Z. Zhu 

Clin. Lab. 5/2026 2 

CRC - Colorectal cancer 

CEA - Carcinoembryonic antigen 

COAD - Colon adenocarcinoma 

CMIA - Cell migration in angiogenesis 

CCT - Collagen chain trimerization 

DEGs - Differentially expressed genes 

DCs - Dendritic cells 

ECM - Extracellular matrix 

ECM_PG - ECM proteoglycans 

EIF - Eukaryotic translation initiation 

ETE - Eukaryotic translation elongation 

EFF - Elastic fiber formation 

FDR - False discovery rate 

GEO - Gene Expression Omnibus 

Gαβγ - G-protein complex 

GO - Gene Ontology 

GSEA - Gene Set Enrichment Analysis 

NK - Natural killer 

NPV - Negative predictive value 

Naba_Col - Naba collagens 

NIMECMI - Non-integrin membrane ECM interactions 

PPV - Positive predictive value 

pDC - Plasmacytoid dendritic cells 

P-R-PI3K - Positive regulation of PI3K signaling 

P/V-FGFR2 - PDGF/VEGF-FGFR2 signaling 

ROC - Receiver operating characteristic 

RET - Respiratory electron transport 

Treg - Regulatory T cells 

TCM - Trophoblast cell migration 

TCGA - The Cancer Genome Atlas 

iDCs - Immature dendritic cells 

KEGG - Kyoto Encyclopedia of Genes and Genomes 

 

 

INTRODUCTION 

 

Colorectal cancer (CRC) is a major global health con-

cern, and presently ranks third in incidence and second 

in cancer-related deaths worldwide [1]. Its epidemiolo-

gy significantly varies across regions, with incidence 

rates stabilizing in high-income countries, while contin-

uing to rise in low- and middle-income regions, and in 

younger individuals under the age of 50 [2]. CRC risk 

might be enhanced by multiple factors, such as genetic 

predisposition [3] and lifestyle influences [4], such as 

metabolic disorders, environmental exposure, and high-

fat diet, which may increase the risk by 2- to 10-fold 

[5].  

Early-stage CRC is often asymptomatic or presents with 

vague symptoms, such as changes in bowel habits and 

abdominal discomfort [6], leading to delayed diagnoses, 

and a high proportion of advanced-stage cases. It has 

been reported that the 5-year survival rate for stage IV 

CRC is merely 14% [7]. Therefore, it is essential to im-

prove CRC early detection strategies and identify more 

effective therapeutic targets [8]. Although present treat-

ment approaches that incorporate neoadjuvant chemora-

diotherapy, targeted therapies, and immunotherapy have 

improved outcomes [9], therapeutic resistance and tu-

mor heterogeneity continue to limit long-term success. 

Apelin early ligand A (APELA), which is also known 

as Elabela or Toddler, is a peptide ligand of the APJ re-

ceptor, and was originally recognized for its essential 

role in cardiovascular development during embryoge-

nesis [10]. Although APELA exhibits dual roles in can-

cer biology and can act as a tumor suppressor in pros-

tate cancer [11], it can promote tumorigenesis in glio-

mas [12]. Furthermore, its role in CRC has not yet been 

elucidated. 

The present study analyzed multi-omics datasets by in-

tegrating advanced bioinformatics tools, including 

DeepSeek. The data used for the analysis were retrieved 

from the Cancer Genome Atlas (TCGA) and Gene Ex-

pression Omnibus (GEO), which contain information on 

the expression patterns, clinical relevance, and function-

al implications of APELA in COAD. The present study 

aimed to define the diagnostic and prognostic potential 

of APELA and explore its mechanistic contributions to 

CRC progression, with focus on pathways involved in 

angiogenesis, metabolic reprogramming, and immune 

modulation. 

 

 

MATERIALS AND METHODS 

 

Preparation of colon cancer data  

The RNA sequencing data derived from the TCGA-

COAD project (https://portal.gdc.cancer.gov) were pro-

cessed for multi-omics analysis using STAR-aligned 

pipelines and TPM-normalized expression matrices. 

The dataset included 521 tumor samples, 41 adjacent 

normal tissues, and clinical metadata for 461 cases 

(with 24 paired tumor-normal samples).  

In order to validate the findings, three GEO datasets 

(https://www. ncbi.nlm.nih.gov/geo/) were used for the 

analysis under identical protocols: GSE39582, includ-

ing 584 tumor samples, 19 adjacent normal tissues, and 

clinical metadata for 565 cases; GSE198692, including 

10 normal mucosa and 10 adenoma samples; GSE37 

364, including 38 normal controls, 29 adenomas, and 27 

tumors (a summary of these datasets are presented in 

Table 1). 

 

Differential expression analysis 

Volcano plots 

The patients were divided into APELA high- and low-

expression groups based on their median expression 

thresholds. Then, the APELA-associated differentially 

expressed genes (DEGs) were identified and visualized 

by volcano plots using ggplot2 (v3.4.4), with signifi-

cance thresholds set at |log2 (fold change)| > 2 and ad-

justed p < 0.05. 

 

Paired sample analysis 

The difference in APELA expression between tumor-

normal paired samples (TCGA-COAD) was evaluated 

using Wilcoxon signed-rank test (R packages stats 

v4.2.1 and car v3.1-0). Then, the expression values 
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were presented in log2-transformed (log2 [value + 1]) in 

the absence of preprocessing filters. 

 

Disease-state comparisons 

The disparities in APELA expression profiles of the 

TCGA-COAD cohorts were evaluated by Wilcoxon 

rank-sum test (R packages stats v4.2.1 and car v3.1-0), 

with log2-transformed values and no preprocessing. 

 

Estimation of the adenoma-carcinoma progression 

The estimation was performed by comparing the data of 

the following GSE datasets: Student’s t-test was perfor-

med to compare normal mucosa (n = 10) and adenomas 

(n = 10) in GSE198692, and Kruskal-Wallis test was 

performed to compare the expression differences across 

the normal (n = 38), adenoma (n = 29), and tumor (n = 

27) subgroups in GSE37364. 

 

Assessment of diagnostic utility 

Receiver operating characteristic (ROC) curve analysis 

was performed to evaluate the diagnostic performance 

of APELA in COAD using the R package pROC 

(v1.17.0.1). The key metrics included the area under the 

curve (AUC), optimal cutoff value, sensitivity, specifi-

city, positive predictive value (PPV), negative predic-

tive value (NPV), and Youden’s index. Diagnostic ac-

curacy was interpreted as follows: AUC 0.50 - 0.70, 

low; AUC 0.70 - 0.90, moderate; AUC ≥ 0.90, high. 

 

Survival analysis and prognostic value 

Cox proportional hazards models were applied to assess 

the prognostic relevance of APELA in both the TCGA-

COAD and GSE39582 datasets. The survival evaluation 

was performed using the survival (v3.3.1) R package, 

with preprocessing steps that included the following: 

filtering, exclusion of normal samples and those that 

lack clinical annotations; transformation: expression da-

ta were normalized using log2 (value + 1); prognostic 

endpoints were based on the curated survival data ob-

tained from a previously published study [13]. 

 

Clinicopathological association analysis 

Nonparametric statistical tests were performed to com-

pare the APELA expression across clinical and patho-

logical variables (T, N and M stage, gender, race, age, 

body mass index [BMI], and carcinoembryonic antigen 

[CEA] level) in the TCGA-COAD cohort. Then, the da-

ta was log2-transformed, and samples with missing val-

ues were excluded from the analysis. 

 

Single-gene correlation analysis 

The genome-wide Pearson correlation coefficients were 

calculated to identify genes that co-expressed with 

APELA in TCGA-COAD. The p-values were adjusted 

using the Benjamini-Hochberg adjusted method. The 

preprocessing procedures were consistent with those 

described above. 

 

 

Protein-protein interaction (PPI) network construc-

tion 

APELA-centered PPI networks were generated using 

the STRING database (https://string-db.org/). Initial 

functional clustering was performed using K-means 

clustering (k = 3), followed by a refined analysis with   

k = 5 to prioritize hub genes among the top 50 interac-

tors. 

 

Functional enrichment analysis [14,15] 

Gene Ontology (GO) and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathway enrichment analyses 

were conducted using the clusterProfiler (v4.4.4) R 

package, with Benjamini-Hochberg adjusted p < 0.05 as 

the significance threshold. Gene annotation mapping 

was performed using org.Hs.eg.db (v3.16.0) for Ensem-

bl-to-Entrez ID conversion. 

Gene Set Enrichment Analysis (GSEA) was conducted 

to identify pathways differentially enriched between the 

high- and low-APELA expression groups using the 

MSigDB c2.cp gene set with a false discovery rate 

(FDR) threshold of q < 0.25. 

 

Immune infiltration analysis 

Single-sample GSEA (ssGSEA) was conducted using 

the GSVA (v1.46.0) R package to estimate the relative 

abundance of 24 immune cell types, based on validated 

immune gene signatures [16,17]. The preprocessing 

steps included log2 transformation and the exclusion of 

duplicate and normal samples. 

The key immune populations included the following: 

activated dendritic cells (aDCs), B cells, CD8 T cells, 

cytotoxic cells, dendritic cells (DCs), eosinophils, im-

mature dendritic cells (iDCs), macrophages, mast cells, 

neutrophils, natural killer (NK) cells (CD56 bright and 

CD56 dim), plasmacytoid dendritic cells (pDC), total T 

cells, helper T cells, central memory (Tcm), effector 

memory (Tem), follicular helper (TFH), gamma delta 

(Tgd), Th1, Th2, Th17, and regulatory T cells (TReg). 

The correlations between the APELA expression and 

immune infiltration levels were visualized using heat-

maps. 

 

Comprehensive statistical analysis 

Nonparametric comparisons were conducted using the 

Wilcoxon rank-sum test for independent samples and 

Wilcoxon signed-rank test for paired comparisons. The 

correlations were assessed using Spearman’s rank cor-

relation coefficient (ρ). 

For the survival modeling, a two-stage Cox regression 

approach was applied: the univariate analysis identified 

the candidate variables, followed by multivariate mod-

eling, in order to adjust for potential confounders and 

confirm the independent prognostic factors. Then, Ka-

plan-Meier survival curves were constructed, and inter-

group differences were assessed using log-rank test.  

All statistical analyses were performed using R (v4.2.1), 

with significance thresholds defined as follows:  
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Table 1. Summary of the colorectal cancer transcriptomic datasets derived from TCGA and GEO. 

 

Dataset Normal Adenoma Tumor Clinical metadata 

TCGA-COAD 41 - 521 461 

GSE39582 19 - 585 566 

GSE198692 10 10 - - 

GSE37364 38 29 27 - 

 

TCGA Cancer Genome Atlas, GEO Gene Expression Omnibus, COAD colon adenocarcinoma. 

 

 

 

 
Table 2. ROC curve analysis summary. 

 

Variable Cutoff Sen. Spe. Acc. PPV NPV YI 

COAD 0.160 0.758 0.976 0.775 0.997 0.256 0.734 

GEO39582 2.845 0.696 0.684 0.696 0.985 0.070 0.380 

 

ROC receiver operating characteristic, cutoff optimal cutoff value, Sen. Sensitivity, Spe. Specificity, Acc. Accuracy, PPV positive predictive 

value, NPV negative predictive value, YI Youden’s index, COAD colon adenocarcinoma. 

 

 

 

 
Table 3. Statistical description. 

 

Dataset Group n Events Censored Censoring rate (%) Median OS 95% CI 

TCGA-COAD 

(median) 

low 239 65 174 0.728 2,475 days 1,518-? 

high 238 38 200 0.840 ? 1,910-? 

TCGA- COAD 

(optimal) 

low 189 58 131 69.30% 2,134 days 1,348-? 

high 288 45 243 84.40% ? 2,003-? 

GSE39582 
low 144 57 87 60.40% 97 months 76-? 

high 418 134 284 67.90% 145 months 106-? 

 

OS overall survival, CI confidence interval, TCGA-COAD The Cancer Genome Atlas-Colon Adenocarcinoma, ? not calculable. 

 

 

 

 

p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 

0.0001 (****). 

 

 

RESULTS 

 

Analysis of APELA differential expression 

Through the cross-validated analysis of independent 

CRC cohorts (TCGA-COAD and GEO-GSE39582), the 

results, which included the volcano plot (Figure 1A), 

Wilcoxon signed-rank test (Figure 1B), Wilcoxon rank-

sum test (Figure 1C), and Mann-Whitney U test (Figure 

1D), revealed the consistent overexpression of APELA 

in malignant specimens in both datasets, when com-

pared to the histologically normal counterparts (p < 

0.01). 

 

Comparison of APELA expression between colonic 

benign and malignant tumors 

As presented in Figure 2, the comparative analysis re-

vealed a statistically robust differential APELA expres-

sion between the normal (n = 38) and tumor (n = 27) 

cohorts (p = 4.81 × 10⁻⁷). Furthermore, the comparison 

results revealed the higher expression of APELA in co-

lon cancer (n = 38), when compared to colonic benign 

tumors (adenoma, n = 29) (p = 6.4 × 10-⁵, Kruskal-Wal-

lis test). 

 

ROC curve analysis 

The diagnostic utility of the APELA expression in dis-

tinguishing CRC from normal tissue was assessed using 

ROC curve analysis (Figure 3). The results revealed the 

potential of APELA as a diagnostic biomarker for CRC, 

indicating its translational relevance for clinical bio-
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Table 4. Baseline characteristics of COAD patients. 

 

Characteristics Low expression of APELA High expression of APELA p-value 

n 239 239  

Pathologic T stage, n (%) 

T1 6 (1.30%) 5 (1.00%) 

0.814 
T2 38 (8.00%) 45 (9.40%) 

T3 162 (34.00%) 161 (33.80%) 

T4 32 (6.70%) 28 (5.90%) 

Pathologic N stage, n (%) 

N0 141 (29.50%) 143 (29.90%) 

0.163 N1 48 (10.00%) 60 (12.60%) 

N2 50 (10.50%) 36 (7.50%) 

Pathologic M stage, n (%) 

M0 175 (42.20%) 174 (41.90%) 
0.983 

M1 33 (8.00%) 33 (8.00%) 

Pathologic stage, n (%) 

Stage I 38 (8.10%) 43 (9.20%) 

0.900 
Stage II 97 (20.80%) 90 (19.30%) 

Stage III 68 (14.60%) 65 (13.90%) 

Stage IV 33 (7.10%) 33 (7.10%) 

Gender, n (%) 

Female 119 (24.90%) 107 (22.40%) 
0.272 

Male 120 (25.10%) 132 (27.60%) 

Age, n (%) 

≤ 65 88 (18.40%) 106 (22.20%) 
0.094 

> 65 151 (31.60%) 133 (27.80%) 

Race, n (%) 

Asian 4 (1.30%) 7 (2.30%) 

0.419 White 113 (36.90%) 119 (38.90%) 

Black or African American 35 (11.40%) 28 (9.20%) 

BMI, n (%) 

≤ 25 39 (15.20%) 48 (18.80%) 
0.516 

> 25 83 (32.40%) 86 (33.60%) 

CEA level, n (%) 

≤ 5 99 (32.70%) 97 (32.00%) 
0.529 

> 5 50 (16.50%) 57 (18.80%) 

 

COAD colon adenocarcinoma, APELA Apelin early ligand A, BMI body mass index, CEA carcinoembryonic antigen. 

 

 

 

 

marker panels. The detailed diagnostic parameters, in-

cluding the sensitivity, specificity, accuracy, and Youd-

en index, are presented in Table 2.  

 

Kaplan-Meier curve 

The survival trajectory analysis depicted in Figure 4 

demonstrates the significantly prolonged survival dura-

tion in patients stratified within the high-APELA ex-

pression cohort (log-rank p < 0.05). The comprehensive 

statistical metrics are presented in Table 3. 

 

Baseline characteristics of COAD patients 

A comprehensive cohort of 454 cases was stratified ac-

cording to the following clinicopathological parameters: 

pathologic T stage, pathologic N stage, pathologic M 

stage, pathologic stage, gender, race, age, BMI, and 
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Table 5. The k-means clustering. 

 

Cluster ID gene Count description 

Cluster 1 9 

ADP signalling through P2Y purinoceptor 12 

Apelin signaling pathway 

Heterotrimeric G-protein complex 

Cluster 2 1 ARRB2 

Cluster 3 1 SLN 

 
Systems-level interactome mapping was initially performed using APELA and its top 50 co-expressed partners, followed by K-means cluster-

ing (k = 5), in order to elucidate the modular organization. The resultant network contained 49 nodes and 28 edges with significant intercon-

nectivity based on the protein-protein interaction (PPI) enrichment analysis (p = 1.69 × 10-¹¹, hypergeometric test). In Figure 6, these interac-

tions are thermodynamically visualized, while the cluster-specific metrics are codified (Table 5). 

 

 

 

 
Table 6. The k-means clustering. 

 

Cluster ID gene Count description 

Cluster 1 17 Positive regulation of phosphatidylinositol 3-kinase signaling 

  Mixed, incl. FGFR2 ligand binding and activation, and PDGF/VEGF domain 

Cluster 2 3 Corneal dystrophy 

Cluster 3 2 LSAMP, NEGR1 

Cluster 4 2 Fatty acid elongation 

Cluster 5 2 EDIL3, GPC6 

 

 

 
Table 7. GO/KEGG pathway analysis. 

 

ID Description p-value p.adjust 

GO:0001659 Temperature homeostasis 5.88e-08 0.0001 

GO:0043410 Positive regulation of MAPK cascade 2.15e-07 0.0002 

GO:0070374 Positive regulation of ERK1 and ERK2 cascade 3.13e-07 0.0002 

GO:0048568 Embryonic organ development 8.64e-07 0.0004 

GO:0072012 Glomerulus vasculature development 1.26e-06 0.0004 

GO:0062023 Collagen-containing extracellular matrix 3.64e-05 0.0045 

GO:0031225 Anchored component of membrane 0.0016 0.0936 

GO:0005788 Endoplasmic reticulum lumen 0.0022 0.0936 

GO:0005161 Platelet-derived growth factor receptor binding 8.97e-06 0.0014 

GO:0008143 Poly(A) binding 4.28e-05 0.0027 

GO:0008266 Poly(U) RNA binding 5.54e-05 0.0027 

GO:0008187 Poly-pyrimidine tract binding 7.84e-05 0.0027 

GO:0070717 Poly-purine tract binding 8.73e-05 0.0027 

hsa04540 Gap junction 6.37e-07 5.41e-05 

hsa04020 Calcium signaling pathway 1.98e-05 0.0008 

hsa05218 Melanoma 0.0001 0.0036 

hsa01521 EGFR tyrosine kinase inhibitor resistance 0.0002 0.0039 

hsa05215 Prostate cancer 0.0004 0.0069 

 

The Gene Ontology (GO) analysis comprised of three domains: molecular function (MF), cellular component (CC), and biological process 

(BP). The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis revealed the significant enrichment of APELA-associated co-

expressed mRNAs in 12 signaling pathways. Among these, the Apelin signaling pathway and neuroactive ligand-receptor interaction were the 

most pronounced enrichment pathways. These pathways include: Molecular function (MF): neuropeptide receptor binding; hormone activity; 

G protein-coupled receptor binding; signaling receptor activator activity; receptor ligand activity; biological process (BP): trophoblast cell 

migration; regulation of trophoblast cell migration; the cell migration involved in angiogenesis; G protein-coupled receptor signaling pathway; 

adult heart development. 
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Figure 1. APELA is significantly overexpressed in colorectal cancer across multiple cohorts.  
 

A) The volcano plot analysis of APELA expression-stratified colorectal cancer cohorts (|log2FC| > 2, FDR < 0.05) delineates 198 differentially 

expressed genes (DEGs). B) The paired analysis of 41 tumor-adjacent normal tissue specimens reveals the significant APELA overexpression 

in its malignant counterparts (p < 0.001, Wilcoxon signed-rank test). C) The comparative analysis of the TCGA-COAD dataset reveals the sig-

nificantly higher APELA expression levels in tumor specimens (n = 480), when compared to adjacent normal tissues (n = 41) (Wilcoxon rank-

sum test, p < 0.001). D) The evaluation of the GEO-GSE39582 cohort reveals the significant APELA overexpression in tumor specimens (n = 

565), when compared to non-malignant controls (n = 19) (Mann-Whitney U-test, p < 0.01). 

 

 

 

 

CEA level. The comparative analysis of these parame-

ters between the low- and high-APELA expression 

groups revealed no statistically significant disparities in 

the clinically defined subgroups. The detailed demo-

graphic and clinicopathological characteristics are pres-

ented in Table 4. 

 

Single-gene correlation analysis 

Based on the multi-threshold correlation criteria (|r| > 

0.30, 0.50, or 0.70) combined with concomitant signifi-

cance (p < 0.05), 1,981 genes that had co-expression re-

lationships with APELA were identified. Among them, 

there are 1,964 with 0.5 > |r| > 0.3 and 17 with 0.7 >    

|r| > 0.5. 
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Figure 2. The APELA overexpression is specific to malignant transformation and is not observed in adenomatous colorectal 

tissues.  
 

A) An elevated APELA expression was observed in tumor specimens, from both the TCGA-COAD (p < 0.001) and GEO-GSE39582 (p = 0.008) 

cohorts. In contrast, the comparison between normal (n = 10) and adenomatous (n = 10) tissues in the GEO-GSE198692 dataset revealed no 

statistically significant expression disparity (p = 0.8168, Student’s t-test). B) The comparative analysis of 10 matched normal-adenoma tissue 

pairs in the GEO-GSE198692 cohort revealed the biological equivalence in APELA expression levels (p = 0.6815, Wilcoxon signed-rank test). 

C) The evaluation of normal (n = 38) and adenomatous (n = 29) specimens in the GEO-GSE37364 cohort uncovers the statistically indistin-

guishable APELA expression profiles (exact p = 1.0000, Fisher’s permutation test). There were significant statistical differences between the 

normal group [16] and tumor group [10] (p = 4.81 × 10 - 7), as well as between the adenoma group [39] and tumor group [16] (p = 6.4 × 10 - 5). 

 

 

 

 

 

 

 
 

 
 

Figure 3. Diagnostic utility of the APELA expression in distinguishing colorectal cancer from normal tissues.  
 

A) APELA expression level was used as a prognostic indicator within the TCGA-COAD cohort (41 normal vs. 480 tumor specimens), and the 

receiver operating characteristic (ROC) analysis indicated the superior discriminative capacity of the APELA expression (AUC = 0.910, 95% 

CI: 0.881 - 0.938) for clinical outcome prediction. B) The similar ROC analysis of the GEO-GSE39582 cohort (normal [n = 19] vs. tumor [n = 

565]) revealed moderate discriminative capacity (AUC = 0.704, 95% CI: 0.590 - 0.818) for APELA in clinical outcome prognostication. 
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Figure 4. High APELA expression is associated with favorable overall survival in the colorectal cancer cohorts.  
 

A) Kaplan-Meier curve analysis of the TCGA-COAD cohort stratified by median APELA expression (low = 239, high = 238) revealed 

prolonged survival outcomes in the high-expression cohort (log-rank p < 0.05; HR = 0.62, 0.41 - 0.92). B) The optimal prognostic stratification 

of the TCGA-COAD cohort through statistically-driven dichotomization (low = 189, high = 288) revealed a robust survival discrimination (log-

rank p < 0.001), HR = 0.50 (0.34 - 0.75). C) Both the discovery (n = 281) and validation (n = 281) cohorts (total n = 562), using the GEO-

GSE39582 dataset for analysis, resulted in a Kaplan-Meier survival curve, and this was implemented through optimal prognostic stratification 

(low = 144, high = 418; log-rank p < 0.05; HR = 0.72, 0.52 - 0.98). 

 

 

 

 

PPI network construction 

A systematic PPI network was used to identify the 

APELA-associated interactors, which included the fol-

lowing: APLN, APLNR, ARRB2, GNAI1, GNAI2, 

GNAI3, GNB2, GNB4, GNB1, and SLN. The PPI net-

work comprised of 11 vertices and 36 edges, demon-

strating significant interconnectivity (PPI enrichment    

p = 1.32 × 10-7, Fisher’s exact test). Figure 5 delineates 

the complex interaction topology through force-directed 

graph visualization. The unsupervised clustering analy-

sis delineated three molecular subgroups. The cluster-

specific characteristics are comprehensively tabulated in 

Table 5. Figure 6 presents the expanded APELA inter-

actome and functional clustering of associated proteins, 

with k-means clustering (Table 6). 

 

Gene set enrichment analysis for APELA-associated 

genes  

Enrichment analysis for APELA-associated genes was 

performed, with focus on molecules that exhibited abso-

lute correlation coefficients (|Cor|) > 0.30 with APELA. 

The statistically significant thresholds for the GO/ 

KEGG analysis were set at adjusted p-value < 0.05 

(Benjamini-Hochberg correction). The comprehensive 

pathway enrichment metrics are presented in Table 7. 

 

 

Gene Set Enrichment Analysis 

GSEA was performed to identify the enriched pathways 

between the high- and low-APELA expression groups. 

Six related pathways with the highest negative correla-

tion with APELA were identified. These were divided 

into two categories: protein translation regulation (eu-

karyotic translation elongation, and eukaryotic transla-

tion initiation, ribosome), and mitochondrial energy me-

tabolism (respiratory electron transport, mitochondrial 

OXPHOS electron transport chain, ATP synthesis via 

chemiosmotic coupling, and thermogenesis through un-

coupling proteins). In addition, six pathways with a 

strong positive correlation with APELA were identified. 

These were divided into three categories: collagen syn-

thesis and assembly (collagen chain trimerization and 

NABA collagen complexes), non-collagen matrix as-

sembly and signal integration (extracellular matrix 

[ECM] proteoglycan networks, elastic fiber assembly, 

and core matrisome components), and matrix-cell inter-

face signaling interactions (non-integrin membrane-

ECM crosstalk). Figure 6 presents the ridge and moun-

tain plot, which depicts the top negatively- and posi-

tively-correlated pathways associated with APELA ex-

pression. 
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Figure 5. Protein-protein interaction network and modular clustering of APELA-associated interactome.  
 

A) The protein-protein interaction network that involved APELA and 10 associated partners is shown. B) Cluster topology of the APELA-cen-

tric interactome following k-means partitioning (k = 3) is shown. C) The protein-protein interaction (PPI) topology that involved 50 functional-

ly associated partners is shown (PPI enrichment p-value = 3.34 × 10 - 11). D) The unsupervised K-means partitioning (k = 5 clusters) is shown. 

 

 

 

 

APELA expression and immune infiltration 

Figure 7A shows that there was a significant divergence 

of APELA expression (FDR-corrected) across the im-

mune cell subtypes, which was most prominent in eo-

sinophils (p = 1.89 × 10-⁶), iDCs (p = 2.16 × 10-5), Tgd 

(p = 6.61 × 10-5), mast cells (p = 7.00 × 10-5), DCs (p = 

0.0007), macrophages (p = 0.0008), neutrophils (p = 

0.0012), Tem (p = 0.0018), pDCs (p = 0.0034), T helper 

cells (p = 0.0042), Tcm (p = 0.0063), and NK CD56 

bright cells (p = 0.0069). 

Despite the observable heterogeneity in APELA expres-

sion across the selected immune subsets, all 24 analyzed 
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Figure 6. Ridge and mountain plot visualizations for the top negatively- and positively-correlated pathways associated with 

APELA expression.  
 

A) Ridge plot visualization of the six most inversely correlated pathways: reactome eukaryotic translation elongation; reactome respiratory 

electron transport; KEGG ribosome; reactome eukaryotic translation initiation; reactome respiratory electron transport ATP synthesis; 

WikiPathways electron transport chain OXPHOS system in mitochondria. B) Mountain plot representation for the six most positively 

associated pathways: reactome collagen chain trimerization; NABA collagens; reactome non-integrin membrane-ECM interactions; reactome 

ECM proteoglycans; reactome elastic fiber formation; NABA core matrisome. 
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Figure 7. Immune infiltration analysis. 
 

A) Differential analysis of tumor-infiltrating immune cell populations in colorectal cancer tissues. The quantitative comparison of tumor-

infiltrating immune cell composition was performed using the Mann-Whitney U test (nonparametric Wilcoxon rank-sum methodology) in 

tissue specimens. B) Correlation of APELA and the top co-expressed genes with diverse immune cell populations in the tumor microenviron-

ment. The analysis revealed that APELA and its top 15 co-expressed genes have strong association patterns with heterogeneous immune cell 

populations, including, but not limited, to myeloid-derived suppressor cells (MDSCs) and tumor-associated macrophages (TAMs). 
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populations exhibited weak intercellular covariation 

with APELA and co-expressed genes (|r| < 0.3). Nota-

bly, NK CD56 bright cells exhibited a coordinated 

downregulation of APELA mRNA expression and its 

top 15 co-expressed genes. In Th17 cells, several genes, 

such as PDGFRA, HGF, PCDH18, FBN2, FAT4, 

PDZD2, CDH6, TCF4, EDNRA, EDIL3, LSAMP, 

ZEB1, and LAMA4, were significantly underexpressed 

(p < 0.05, Figure 7B). 

 

 

DISCUSSION 

 

The present study was the first to systematically charac-

terize the dual roles of APELA in CRC. APELA is sig-

nificantly overexpressed in malignant tissues, when 

compared to its normal or adenomatous counterparts, 

suggesting its utility as a diagnostic biomarker.  

The validation across two independent cohorts demon-

strated consistently high positive predictive values 

(PPV > 0.98) for APELA in CRC detection, supporting 

its potential diagnostic value for clinical confirmation. 

However, the following limitations restricted its stand-

alone diagnostic application, undermining its utility in 

ruling out CRC: suboptimal sensitivity (≤ 75.80%), 

which may lead to missed diagnosis; considerable varia-

bility in diagnostic performance across cohorts (Youden 

index range: 0.380 - 0.734); critically low negative pre-

dictive values (minimum NPV: 7.00%). 

Prognostic refinement through algorithm-based stratifi-

cation in the TCGA cohort enhanced the predictive per-

formance of APELA, with the improvement in hazard 

ratio (HR) from 0.62 to 0.50 and increase in statistical 

significance (p < 0.05 to p < 0.001). The external vali-

dation in the GSE39582 dataset further confirmed its 

prognostic relevance (HR = 0.72, p < 0.05), establishing 

cross-platform robustness. In the clinic, patients with 

high APELA expression had a 49% increase in median 

overall survival (145 vs. 97 months), representing a no-

table 4-year survival benefit. Furthermore, the opti-

mized model improved cohort efficiency (n = 477 to n = 

562), and the enhanced HR underscored the strong asso-

ciation of APELA with reduced mortality risk. 

Paradoxically, higher APELA expression is associated 

with improved overall survival, despite having no cor-

relation with conventional tumor staging parameters 

[18-20]. This paradox reflects the context-dependent na-

ture of APELA’s function, which has been reported as 

tumor-suppressive in prostate cancer [11], yet oncogen-

ic in gliomas [12]. 

At the mechanistic level, APELA promotes tumorigenic 

signaling via the APLNR-G protein-PI3K/AKT path-

way and involves the following aspects:  

Angiogenesis modulation: The PPI analysis confirms 

the direct binding of APELA to the APLNR and G-pro-

tein subunits (GNAI1-3 and GNB1-4) [21-24], leading 

to the activation of the PI3K/AKT cascade and upregu-

lation of vascular endothelial growth factor (VEGF) ex-

pression [25-27]. This mechanism parallels its pro-me-

tastatic activity observed in ovarian cancer models [28]. 

Metabolic reprogramming: The GSEA revealed that 

APELA induces a pseudohypoxic metabolic state, 

which is characterized by the significant suppression of 

mitochondrial oxidative phosphorylation (p < 0.001) 

[29] and enhancement of glycolytic activity. This shift 

supports the proliferative demands of the aggressive 

CMS4 CRC subtype. 

Immune microenvironment remodeling: The loss of 

APELA impairs NK cell cytotoxicity [30,31] and facili-

tates immune escape by disrupting Th17 cell function. 

This includes defects in Th17 cell migration and altered 

metabolic profiles, which collectively contribute to im-

munosuppressive tumor microenvironments [32-34].  

It is possible to develop noninvasive diagnostic models 

by combining APELA expression and ECM stiffness 

biomarkers, such as PRO-C3 [35]. Therapeutic strate-

gies that target the APELA-APLNR-PI3K signaling 

axis, particularly the combination of ML221 and Alpe-

lisib [36,37], show potential in overcoming chemoresis-

tance. Notably, the subgroup with the marker “APELA 

high/FGFR-VEGF active” demonstrated increased sen-

sitivity to regorafenib [38], underscoring the value of 

multi-omics-based stratification for precision interven-

tion. 

The present study had several limitations: a small sam-

ple size was used to compare the APELA expression 

across normal, adenomatous, and tumor tissues; there 

was an issue of data availability due to the few datasets 

with APELA-specific annotations in public repositories, 

such as the GEO; absence of in vitro or in vivo function-

al assays to substantiate the proposed mechanistic in-

sights. These limitations reflect the broader underappre-

ciation of the role of APELA in tumor biology, restrict-

ing the scope of the present diagnostic and prognostic 

analysis. Therefore, it is necessary to use large cohorts 

for experimental validation in future research. 

 

 

CONCLUSION 

 

APELA functions as a central multi-omics regulator in 

CRC, linking Apelin signaling, ECM remodeling, meta-

bolic reprogramming, and immune evasion. Its dual role 

(serving as a potential therapeutic target and a prog-

nostic biomarker) highlights its clinical relevance and 

makes it a strong candidate for further preclinical and 

clinical studies. 
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