
O R I G I N A L  R E S E A R C H

Peripheral Blood HIST1H2AE is a Candidate 
Epigenetic Biomarker for Coronary Artery 
Disease: A Multi-Dataset Discovery and 
Comparative Validation Study
Liugang Xu1,*, Yajun Wang1,*, Hongyun Ji1, Yisi Shan2, Jinhu Zhang3, Li Yang4, Wei Du1, Jianyu Jiang1, 
Jin Chen1, Ruihong Cao1

1Department of Cardiology, Zhangjiagang Hospital of Traditional Chinese Medicine Affiliated to Nanjing University of Traditional Chinese Medicine, 
Zhangjiagang, Jiangsu, 215600, People’s Republic of China; 2Department of Neurology, Zhangjiagang Hospital of Traditional Chinese Medicine Affiliated 
to Nanjing University of Traditional Chinese Medicine, Zhangjiagang, Jiangsu, 215600, People’s Republic of China; 3Department of Urology, 
Zhangjiagang Hospital of Traditional Chinese Medicine Affiliated to Nanjing University of Traditional Chinese Medicine, Zhangjiagang, Jiangsu, 215600, 
People’s Republic of China; 4Department of Gynecology, Zhangjiagang Hospital of Traditional Chinese Medicine Affiliated to Nanjing University of 
Traditional Chinese Medicine, Zhangjiagang, Jiangsu, 215600, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Ruihong Cao; Jin Chen, Department of Cardiology, Zhangjiagang Hospital of Traditional Chinese Medicine Affiliated to Nanjing University 
of Traditional Chinese Medicine, No. 77 Chang’an South Road, Zhangjiagang, Jiangsu, 215600, People’s Republic of China, Tel +86-13584491033;  
+86-15995988054, Email xuliugang1994@hotmail.com; 89679565@qq.com

Objective: To identify peripheral blood biomarker candidates for coronary artery disease (CAD) and to test whether bioinformatically 
prioritized genes replicate in an angiography-confirmed cohort, with emphasis on HIST1H2AE as an epigenetically relevant marker.
Methods: Differentially expressed genes (DEGs) were identified from three GEO datasets (GSE42148, GSE98583, GSE12288) after 
within-dataset normalization; DEGs were then intersected across datasets to prioritize robust candidates while avoiding direct cross- 
study merging and associated batch effects. Enrichment analysis and protein–protein interaction network prioritization were per
formed, followed by independent in silico evaluation in GSE20681 using receiver operating characteristic (ROC) analysis. 
HIST1H2AE and CXCL14 were then tested by qPCR in peripheral blood from 20 participants (10 angiography-confirmed CAD; 
10 non-CAD controls). Immune cell proportions in GSE20681 were estimated with CIBERSORTx, and correlations with hub-gene 
expression were assessed.
Results: Eight DEGs were consistently shared across the three discovery datasets, and HIST1H2AE and CXCL14 were prioritized as 
hub candidates. In GSE20681, ROC analysis suggested discriminatory ability for both genes (AUC=0.711 for HIST1H2AE; 
AUC=0.878 for CXCL14). In the angiography-confirmed qPCR cohort, CXCL14 was not consistently different between groups, 
whereas HIST1H2AE was significantly downregulated in CAD. HIST1H2AE expression showed no significant correlation with 
estimated immune cell proportions.
Conclusion: This multi-dataset discovery and comparative validation framework prioritizes HIST1H2AE as a peripheral blood 
biomarker candidate for CAD with an immune-independent expression profile in the analyses performed. Given the small qPCR 
cohort, these findings are preliminary and require confirmation in larger, independent cohorts and mechanistic studies of chromatin- 
level regulation.
Keywords: coronary artery disease, HIST1H2AE, CXCL14, peripheral blood, angiography-confirmed, immune-independent, 
comparative validation framework
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Introduction
Coronary artery disease (CAD) remains a leading cause of global morbidity and mortality, with patients facing high risks 
of recurrent cardiovascular events.1 While coronary angiography serves as the diagnostic gold standard, its invasive 
nature limits patient acceptance and widespread screening use.2 Consequently, there is a pressing need to identify less 
invasive, reliable biomarkers for CAD. CAD pathogenesis reflects a multifactorial process involving genetic suscept
ibility, immune-inflammatory activation, and epigenetic regulation.3–5 Because atherosclerosis is driven in part by 
chronic inflammation,4 many biomarker studies have emphasized immune-related pathways and mediators within the 
plaque microenvironment. However, inflammatory signals detected in plaques do not necessarily translate into stable or 
discriminative markers in peripheral blood, where cell composition and transcript abundance may differ.

Beyond immune activation, epigenetic mechanisms are increasingly recognized as contributors to CAD development 
and progression.6 Histone-related processes are particularly relevant because histones and nucleosome organization 
regulate chromatin accessibility and transcriptional programs in circulating leukocytes—cells that are directly sampled 
by peripheral blood transcriptomic profiling. Accordingly, altered expression of histone genes (including core histone 
H2A family members such as HIST1H2AE) in blood may reflect systemic chromatin remodeling or shifts in hemato
poietic/leukocyte transcriptional states associated with CAD, providing a potential biomarker axis that is not strictly 
dependent on immune-cell infiltration patterns.

However, gaps persist in translating mechanistic insights into clinically viable peripheral blood biomarkers. First, the 
stability and diagnostic performance of immune-associated candidates identified from local lesion studies require 
rigorous validation in peripheral blood, where expression may differ substantially.7,8 Second, comparatively fewer 
studies have evaluated epigenetically relevant, potentially immune-independent biomarkers in blood, despite their 
theoretical advantages as complementary and possibly more stable circulating signals.

Therefore, the aims of this study were to identify robust CAD-associated DEGs in peripheral blood by integrating 
multiple independent GEO datasets; to prioritize candidate hub genes using functional enrichment and PPI-based 
network analyses; and to perform a comparative validation of two biologically distinct candidates: CXCL14 (immune- 
associated) and HIST1H2AE (histone/epigenetically relevant), using independent in silico evaluation (GSE20681) and 
qPCR testing in an angiography-confirmed peripheral blood cohort. Additionally, we assessed immune cell infiltration 
patterns and hub-gene/immune-cell correlations to contextualize whether candidate signals tracked immune composition 
changes or appeared comparatively immune-independent. The overall workflow is shown in Figure 1.

Materials and Methods
Bioinformatic Analysis of Public Datasets
This study was designed as a comparative validation framework, integrating computational screening, independent dataset 
ROC validation, and clinical qPCR testing. Three public mRNA expression datasets (GSE42148, GSE98583, GSE12288) 
from the Gene Expression Omnibus (GEO) database were analyzed to identify differentially expressed genes (DEGs) 
between CAD patients and healthy controls (Table S1). As these datasets were generated in different studies and/or on 
different platforms, we did not merge expression matrices across GEO series. Instead, each dataset was processed and 
normalized within-study, and DEGs were identified separately using consistent statistical criteria. High-confidence candi
dates were then defined by taking the intersection of DEGs shared across the three discovery datasets, a strategy intended to 
reduce sensitivity to between-study batch effects and improve robustness. A bioinformatic workflow, including functional 
enrichment, protein-protein interaction (PPI) network construction, and in silico validation in an independent cohort 
(GSE20681), was employed to screen for hub genes. A detailed description of the bioinformatic procedures is provided in 
the Supplementary Methods. This study was conducted in accordance with the Declaration of Helsinki.

Experimental Validation with Clinical Samples
Study Participants and Ethical Statement
Peripheral blood samples were collected from an angiography-confirmed CAD cohort (n=10, ≥50% stenosis) and 
controls without CAD (n=10, <50% stenosis) at the Department of Cardiology, Zhangjiagang Hospital of Traditional 
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Chinese Medicine between June 2022 and June 2023. The research was approved by the institutional review board of the 
Zhangjiagang Hospital of Traditional Chinese Medicine Ethics Committee (Approval No. JS2021-21-1), and all 
participants provided written informed consent. Exclusion criteria for all participants were as follows: a history of 
myocardial infarction within the last 3 months, severe valvular heart disease, cardiomyopathy, severe liver or kidney 
dysfunction, autoimmune diseases, malignant tumors, or any acute or chronic inflammatory diseases. Controls were 
defined by the absence of angiography-confirmed obstructive CAD (<50% stenosis).

RNA Extraction and Quantitative Real-Time PCR (qPCR)
Total RNA was extracted from peripheral blood samples using TRIzol Reagent. After assessing RNA quality and 
quantity, cDNA was synthesized from 1 μg of total RNA using the PrimeScript™ RT Reagent Kit. qPCR was performed 
on a 7500 Fast Real-Time PCR System using SYBR Green. The primer sequences used were:

HIST1H2AE Forward: 5′-TCGGGCAAAAGCTAAACGC-3′
HIST1H2AE Reverse: 5′-TAGTTGCCTTTGCGGAGGAG-3′
CXCL14 Forward: 5′-AAGGGACCCAAGATCCGCTAC-3′
CXCL14 Reverse: 5′-CTTCTCGTTCCAGGCGTTGTA-3′
ACTB (beta-actin) Forward: 5′-CACCCAGCACAATGAAGATCAAGAT-3′
ACTB Reverse: 5′-CCAGTTTTAAATCCTGAGTCAAGC-3′
Relative mRNA expression was calculated using the 2^(-ΔΔCt) method with ACTB as the endogenous control.

Statistical Analysis
For differences in gene expression from the qPCR comparisons between CAD and control groups, data distribution was 
assessed using the Shapiro–Wilk test. If normality assumptions were satisfied, groups were compared using a two-tailed 
unpaired Student’s t-test; otherwise, the Mann–Whitney U-test was applied. The Venn diagram was drawn using the 
jvenn package. GO and KEGG enrichment analyses were analyzed by Fisher’s exact test. Immune cell infiltration 
analysis was performed by Wilcoxon’s test. Associations between hub-gene expression and estimated immune cell 

Figure 1 The study workflow.
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proportions were evaluated using Spearman correlation. A two-sided p-value < 0.05 was considered statistically 
significant. All analyses were performed in R software and GraphPad Prism (for qPCR data analysis and visualization).

Results
Determination of Differentially Expressed Genes (DEGs) in Peripheral Blood CAD 
Samples
To facilitate biomarker discovery, it is essential first to identify genes whose expression is significantly altered in CAD. 
This study analyzed publicly available gene expression profile data from the Gene Expression Omnibus (GEO) database. 
Three independent datasets (GSE42148, GSE98583, and GSE12288) comparing CAD patients and healthy controls’ 
transcriptomes were selected, enhancing our findings’ robustness and generalizability.9 Following the standardization of 
these datasets, DEGs were screened using established statistical criteria (p<0.05, |logFC| thresholds as specified below). 
A total of 227 DEGs were identified in GSE42148 (161 upregulated, 66 downregulated; Figure 2A, p<0.05, |logFC|>1.0), 
254 DEGs in GSE98583 (141 upregulated, 113 downregulated; Figure 2B, p<0.05, |logFC|>1.0), and 68 DEGs from 
GSE12288 (33 upregulated, 35 downregulated; Figure 2C, p<0.05, |logFC|>0.38). Volcano plots illustrate the distribution 
of these DEGs (Figure 2A–C). Heatmaps display the expression patterns of the top 50 DEGs with the largest fold 
changes in each dataset (Supplementary Figure 1).

A widely used strategy for identifying high-confidence candidates involves pinpointing consistently dysregulated 
genes across multiple patient cohorts. We identified the intersection of the DEG lists derived from the three datasets to 
implement this approach. This stringent filtering strategy yielded eight common DEGs: MAP7, RIPK4, BAALC, CA6, 
CXCL14, HIST1H2AE, MS4A3, and GPR15 (Figure 2D). These genes represent promising candidates potentially 
implicated in the pathogenesis of CAD and merit further functional investigation.

Functional Annotation and Pathway Enrichment Analysis of Candidate Genes
To elucidate the biological functions and pathways potentially influenced by the observed gene expression changes, an 
essential step toward understanding the mechanistic roles of the identified genes, we performed Gene Ontology (GO) 
annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis on the identified DEGs 
using the DAVID platform (https://david.ncifcrf.gov/). The top five enriched GO terms are shown in Table S2 and 
Supplementary Figure 2A–C. Significant enrichment was observed in fundamental biological processes (BP) including 
signal transduction, positive regulation of transcription from RNA polymerase II promoter, positive regulation of cell 
proliferation, negative regulation of transcription from RNA polymerase II promoter, and cell adhesion. Key cellular 
components (CC) involved were the nucleus, integral component of the plasma membrane, extracellular space, extracellular 
region, and cell surface. Enriched molecular functions (MF) included transcription factor activity, sequence-specific DNA 
binding, RNA polymerase II core promoter proximal region sequence-specific DNA binding, protein homodimerization 
activity, and metal ion binding. These findings suggest that the molecular alterations in CAD involve complex disruptions in 
cellular signaling, transcriptional control, cell-cell interactions, and potentially fundamental metabolic activities.

KEGG pathway analysis (Table S3 and Supplementary Figure 2D) further revealed enrichment in pathways such as 
serotonergic synapse; neuroactive ligand−receptor interaction; glycine, serine, and threonine metabolism; fat digestion 
and absorption; cocaine addiction, hinting at diverse systemic processes, including neurological and metabolic pathways, 
potentially linked to CAD development or its comorbidities.10

Protein-Protein Interaction (PPI) Network and Hub Gene Selection
Knowing that proteins exert their functions through complex interactions, we constructed a PPI network using the 
STRING database and visualized it with Cytoscape (v3.9.0) to investigate the relationships among the identified DEGs 
and pinpoint potential key regulatory hubs. The resulting network comprised 357 nodes and 774 edges. To further 
identify tightly interconnected clusters within the network, which often represent functional modules performing specific 
biological tasks, we utilized the MCODE plug-in with defined criteria (Degree Cutoff = 2, Node Score Cutoff = 0.2, 
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K-Core = 2, Max Depth = 100). This analysis identified four significant modules with scores ≥ 4.0 (Scores: 9.556, 9.00, 
4.993, 4.50; Supplementary Figure 3A–D).

To prioritize central genes likely playing crucial roles within the network, the cytoHubba algorithm, a common 
method for identifying influential nodes based on network topology, was used next. Critically, by intersecting the high- 
ranking hub genes derived from the PPI network analysis with the 8 common DEGs identified earlier, HIST1H2AE and 
CXCL14 were screened. The consistent differential expression observed across multiple datasets, coupled with their 
central positioning in the interaction network, strongly suggests that HIST1H2AE and CXCL14 are key candidate genes 
with significant relevance to the pathology of CAD.

Figure 2 Identification of DEGs from the three human datasets. Volcano plots displaying the distribution of DEGs, where red represents upregulated genes, and blue 
represents downregulated genes. (A) Volcano plot of GSE42148: 227 DEGs (161 upregulated, 66 downregulated; p < 0.05, |log FC| > 1.0). (B) Volcano plot of GSE98583: 
254 DEGs (141 upregulated, 113 downregulated; p < 0.05, |log FC| > 1.0). (C) Volcano plot of GSE12288: 68 DEGs (33 upregulated, 35 downregulated; p < 0.05, |log FC| > 
0.38). (D) The Venn diagram of the three sets of DEGs.
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Independent ROC Validation in Angiography-Confirmed Cohort
To assess the initial diagnostic potential of the identified hub genes in an independent cohort, we utilized the GSE20681 
dataset. Receiver Operating Characteristic (ROC) curves were generated to assess the ability of HIST1H2AE and 
CXCL14 expression levels to discriminate between CAD patients and healthy controls, and the Area Under the Curve 
(AUC), a quantitative measure of diagnostic accuracy, was calculated. Furthermore, violin plots were used to visualize 
the expression differences of these genes between the groups (Figure 3A and B). The validation analysis yielded an AUC 
of 0.878 for CXCL14 and 0.711 for HIST1H2AE. These in silico results suggest discriminatory potential in this 
independent dataset and provided the rationale for proceeding to experimental testing; however, ROC performance 
derived from a single public cohort should be interpreted as exploratory and requires confirmation in prospective clinical 
cohorts.

Comparative qPCR Validation of HIST1H2AE and CXCL14 in Peripheral Blood
To test the clinical relevance of the hub gene candidates within the comparative validation framework, we performed 
quantitative real-time PCR (qPCR) on peripheral blood samples from our angiography-confirmed clinical cohort (n=20; 
10 CAD vs 10 non-CAD controls). The results revealed a clear distinction between the two candidates. While ROC 
analysis had indicated diagnostic potential for both, qPCR validation showed that HIST1H2AE was significantly 
downregulated in CAD patients compared to controls (p < 0.05; Figure 3C and D), whereas CXCL14 expression was 
not consistently altered (Figure 3E and F). Given the limited sample size, these qPCR findings should be interpreted as 
preliminary evidence and require replication in larger independent cohorts. Within this limitation, the comparative pattern 

Figure 3 Validation and identification of hub genes related to CAD. (A) Receiver operating characteristic (ROC) curve analysis of CXCL14 and HIST1H2AE in GSE20681; 
the area under the curve (AUC) values for CXCL14 and HIST1H2AE were 0.878 and 0.711, respectively. (B) Violin plots showing CXCL14 and HIST1H2AE expression in 
the validation dataset (GSE20681). Green indicates controls; red indicates CAD. (C) Normal Q-Q plot confirming the normal distribution of HIST1H2AE expression data. 
(D) qPCR validation showing that HIST1H2AE mRNA expression was significantly downregulated in CAD patients (n=10) compared with non-CAD controls (n=10). (E) 
qPCR validation showing no significant difference in CXCL14 mRNA expression between CAD patients (n=10) and non-CAD controls (n=10). (F) Normal Q-Q plot 
confirming the normal distribution of CXCL14 expression data. * indicates p<0.05; ns indicates not significant.
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—stable downregulation of HIST1H2AE versus non-reproducible CXCL14—supports the utility of the framework for 
prioritizing candidates for further validation.

Immune Cell Infiltration Analysis in CAD Samples
Given the well-established critical role of inflammation and immune responses in initiating, progressing, and destabiliz
ing atherosclerotic plaques underlying CAD,11 understanding the immune context associated with the disease and 
potential biomarkers is vital. Thus, CIBERSORTx algorithm,12 a robust computational method for deconvolving tissue 
transcriptomic data, was used to estimate the relative proportions of 22 immune cell types in the transcriptomic data of 
112 normal and 110 CAD samples (derived from GSE20681). Comparative analysis revealed significant alterations in the 
immune landscape of CAD patients (Figure 4). Specifically, the proportions of naive B cells (p=0.023) and M0 
macrophages (p=0.004) were significantly elevated in CAD samples compared to normal controls, while the proportion 
of naive CD4 T cells (p=0.024) was significantly lower. These findings directly highlight immune dysregulation within 
the CAD environment, emphasize the involvement of specific immune cell subsets (B cells, macrophages, T cells) in the 
disease’s pathological mechanisms, and provide a strong rationale for further investigation into the connections between 
the identified hub genes and this critical immune context.

Correlation Analysis of Hub Genes with Immune Cell Proportions: Evidence for 
Immune Independence of HIST1H2AE
To investigate whether our identified hub genes might contribute to or be influenced by the observed immune alterations, 
potentially providing mechanistic insights into their function within the disease microenvironment,13 we examined the 
correlation between the expression levels of HIST1H2AE and CXCL14 and the infiltration levels of various immune cell 
types. Lollipop plots show the correlations (Figure 5). Notably, CXCL14 expression exhibited significant positive 
correlations with the proportions of plasma cells (r=0.25, p=0.03) and M0 macrophages (r=0.49, p=0.02) and 
a significant negative correlation with M1 macrophages (r=–0.15, p=0.03). These specific correlations suggest that 
CXCL14 may play a role in influencing B-cell differentiation/activity and macrophage polarization (potentially promot
ing a less pro-inflammatory M0 state while being inversely related to the pro-inflammatory M1 state) within the CAD 
tissue environment, thereby potentially impacting the local inflammatory balance. In contrast, no significant correlation 
was observed between HIST1H2AE expression and the analyzed immune cell proportions. Importantly, this lack of 
correlation supports the potential role of HIST1H2AE as an immune-independent biomarker in CAD.

Discussion
In the present study, we employed an integrated bioinformatic and experimental approach to identify and validate 
peripheral blood biomarkers for CAD. A key feature is the comparative validation framework in an angiography- 
characterized peripheral blood cohort, which enabled us to contrast an immune-associated candidate (CXCL14) with an 
epigenetically relevant candidate (HIST1H2AE). We first analyzed three independent GEO peripheral blood microarray 
datasets (GSE42148, GSE98583, and GSE12288) to identify DEGs between CAD and controls. To improve robustness 
across heterogeneous public cohorts, we focused on genes that were consistently differentially expressed across datasets 
(intersection approach). This yielded eight shared DEGs (MAP7, RIPK4, BAALC, CA6, CXCL14, HIST1H2AE, 
MS4A3, and GPR15), and subsequent PPI-based prioritization identified HIST1H2AE and CXCL14 as hub genes for 
downstream validation.

Our principal experimental finding is that HIST1H2AE was significantly downregulated in the peripheral blood of 
CAD patients in our qPCR cohort. HIST1H2AE is a histone cluster gene encoding a core H2A histone protein required 
for nucleosome structure and chromatin organization—processes fundamental to transcriptional regulation, DNA repair, 
DNA replication, and chromosomal stability. Histone regulation and chromatin dynamics have been linked to cardio
vascular aging14 and atherosclerosis.15 In this context, our observation supports the possibility that altered histone gene 
expression—specifically HIST1H2AE downregulation—may reflect CAD-associated epigenetic dysregulation in circu
lating blood cells.16 Consistent with the plausibility of this signal, Gong et al reported HIST1H2AE as a potential CAD- 
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related gene across populations,6 and Lin et al suggested that healthy dietary patterns may influence gene regulation 
including HIST1H2AE, with potential cardiovascular relevance.17 Importantly, HIST1H2AE showed no significant 
association with estimated immune cell proportions in our correlation analysis. While immune deconvolution from 
bulk expression has inherent uncertainty, this pattern is compatible with HIST1H2AE capturing a comparatively 
immune-independent axis of variation (relative to chemokine-type signals). Together, the cross-dataset prioritization 
plus qPCR confirmation provides a coherent rationale to advance HIST1H2AE into larger-scale validation and mechan
istic studies.

In contrast, although bioinformatic analyses supported CXCL14 as a strong candidate—including a high AUC (0.878) 
in the independent dataset—our qPCR validation did not confirm significant differential expression for CXCL14 in the 

Figure 4 Immune cell composition analysis in GSE20681 using CIBERSORTx. (A) Stacked bar plot showing the relative proportions of 22 immune cell types in each sample. 
(B) Group-wise comparison of immune cell proportions between CAD and controls. Blue indicates controls and red indicates CAD. 
Abbreviation: CAD, coronary artery disease.
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angiography-characterized cohort. CXCL14 is a chemokine involved in immune cell migration18 and has pleiotropic 
roles across antimicrobial defense, neuronal circuits, and metabolism.19 Mechanistically, CXCL14 can antagonize the 
CXCL12/CXCR4 axis,20 which has been implicated in atherosclerosis,21 and CXCL14 may also participate in throm
bosis-related processes through direct interaction with CXCR4,22 potentially relevant to coronary events. The discre
pancy between strong in silico performance and lack of qPCR confirmation underscores a key translational challenge: 
immune-associated transcript signals may be more context-dependent (eg, influenced by cohort composition, treatment 
status, timing relative to disease activity, and technical factors), and therefore require experimental confirmation before 
clinical interpretation.23 This divergence is also consistent with our immune correlation results: CXCL14 showed 
relationships with specific immune subsets, including plasma cells and macrophage subsets, whereas HIST1H2AE did 
not. Taken together, these findings suggest that CXCL14 may reflect immune composition/state variation in the analyzed 
public cohort rather than a stable CAD-associated expression shift detectable by qPCR in our clinical sampling context.

Consistent with the well-established inflammatory contribution to CAD,11 immune cell composition analysis showed 
increased naïve B cells and M0 macrophages and decreased naïve CD4 T cells in CAD samples. Macrophage 
accumulation and polarization dynamics shape plaque inflammation, with macrophages contributing to lipid uptake, 
foam cell formation, and lesion progression.24 Adaptive immune remodeling is also important in atherosclerosis; 
differentiation of naïve CD4 T cells into effector/memory populations has been described, and reduced naïve CD4 
T cells have been reported in atherosclerosis alongside expansion of activated subsets.25 In our correlation analysis, 
CXCL14 tracked with particular immune subsets, whereas HIST1H2AE did not, further supporting the concept that these 
two genes may capture different biological axes in CAD: one more immune-linked (CXCL14) and one more consistent 
with chromatin/epigenetic regulation (HIST1H2AE).

From a clinical translation perspective, HIST1H2AE holds promise as a non-invasive peripheral blood biomarker 
candidate and may have utility for screening or risk stratification. However, CAD is heterogeneous, and single markers 
rarely provide sufficient accuracy alone. Future work should evaluate HIST1H2AE in combination with established 
clinical variables and/or additional molecular features to build multimodal diagnostic or prognostic models, and to test 
whether HIST1H2AE improves performance beyond conventional risk factors.

This study has a few limitations. First, the experimental qPCR validation cohort was small, limiting statistical power 
and generalizability; this may partly explain the lack of significant difference for CXCL14. Therefore, the diagnostic 

Figure 5 Correlation between hub-gene expression and estimated immune cell proportions in GSE20681. The length of the bars represents the magnitude of the 
correlation. The color of the dot represents the p-value. The bluer the color, the larger the p-value, and the redder the color, the smaller the p-value. (A and B) Correlation 
of CXCL14 and HIST1H2AE with the proportion of immune cell infiltration, respectively.
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performance and robustness of HIST1H2AE should be confirmed in larger, independent, ideally multi-center cohorts. 
Second, because of limited sample size, distributional assumptions are difficult to verify with high confidence; future 
studies could pre-specify normality checks and consider non-parametric or resampling-based approaches to improve 
robustness. Third, this work relied on public microarray datasets; differences in platforms, preprocessing pipelines, and 
batch effects across GEO studies may influence DEG detection and downstream network/ROC results, even though 
intersecting DEGs across multiple datasets increased stringency.9 More explicit harmonization and fully reproducible 
reporting of thresholds and code would further strengthen reliability. Fourth, this study did not include in vitro or in vivo 
experiments to define causality. Future investigations should elucidate underlying epigenetic mechanisms, such as effects 
on chromatin accessibility and downstream gene programs, by which HIST1H2AE dysregulation may contribute to 
atherosclerosis.14–16 Overall, the current findings should be interpreted as an initial clinical validation signal rather than 
a definitive diagnostic test.

Conclusions
This study integrates multi-dataset bioinformatic screening with independent in silico evaluation and qPCR testing in an 
angiography-confirmed peripheral blood cohort to propose a comparative validation framework for CAD biomarker 
prioritization. Within this framework, CXCL14 showed apparent diagnostic potential in computational analyses but did 
not demonstrate consistent differential expression in our qPCR cohort, indicating that immune-associated candidates may 
be context-dependent in peripheral blood. In contrast, HIST1H2AE was significantly downregulated in the qPCR cohort 
and showed no detectable correlation with estimated immune cell proportions, supporting it as an epigenetically relevant 
biomarker candidate with a comparatively immune-independent profile in this analytical setting. Given the small 
experimental sample size, these results should be considered preliminary and hypothesis-generating. Larger, independent 
(ideally prospective) studies and mechanistic investigations of chromatin-level regulation are needed to confirm repro
ducibility, quantify diagnostic performance, and determine whether HIST1H2AE provides added value beyond estab
lished clinical risk factors.
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