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Abstract

Background: Specific single nucleotide polymorphisms (SNPs) can modulate gene expression and influence acute pancreatitis (AP) severity, so
it’s crucial to understand AP’s genetic features.

Aims: This study aims to investigate the role of SNPs in the ANXA2 gene in severe acute pancreatitis (SAP), focusing on their associations with
protein quantitative trait loci (pQTL) and their impact on gene expression.

Methods: A Summary-data-based Mendelian Randomization and publicly available Genome-Wide Association Study (GWAS) datasets were
leveraged to identify SAP-related genetic variants. SNPs in the ANXA2 gene were selected based on their significant associations with pQTL in
blood samples. These variants were pruned to ensure independence and reduce correlation, and a comprehensive analysis was performed on
gene expression data from mouse and human samples.

Results: Our analysis found significant associations between specific ANXA2 SNPs and SAP severity. The identified SNPs could influence gene
transcription and modulate circulating protein levels. Furthermore, a robust correlation was noted between immune cell infiltration and the
expression of SAP-related genes, suggesting the potential role of immune responses in SAP progression.

Conclusion: The paper stresses that ANXA2 SNPs affect SAP severity through gene expression and immune responses. Future research should
explore their mechanisms in SAP and inform therapies.

Keywords: Severe acute pancreatitis; ANXA2 gene; Single Nucleotide Polymorphisms; Mendelian Randomization; Protein quantitative trait loci;
Immune response

Abbreviations: SNP: Single Nucleotide Polymorphisms; AP: Acute Pancreatitis; pQTL: Protein Quantitative Trait Loci; SAP: Severe Acute
Pancreatitis; GWAS: Genome-Wide Association Study; MR: Mendelian Randomization; IV: Instrumental Variables; UKB-PPP: UK Biobank Pharma
Proteomics Project; SMR: Summary-data-based Mendelian Randomization

Highlights

a) First identified: ANXA2 SNPs rs62004990 and rs8033800 affect transcription and protein levels.
b) ANXA2 highlight immune microenvironment’s role in SAP pathology.

c) ANXAZ2 identified as core regulatory factor in SAP progression.

d) Three downregulated miRNAs inhibit ANXAZ2 in patients.

e) Using two-sample Mendelian randomization to establish a robust model.

Introduction

incidence of 34 per 100;000 individuals in the United States. It
affects approximately 300;000 individuals each year and causes
a case-fatality rate of 5% to 10% depending on the severity [1].

Acute pancreatitis (AP) is a significant clinical condition that
manifests as inflammation of the pancreas; with an estimated
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The pathogenesis of AP involves various genetic; environmental;
and dietary factors. Genetic variations; particularly single
nucleotide polymorphisms (SNPs); have been identified as critical
contributors to the susceptibility to AP [2]. For example; studies
have elicited that specific SNPs can modulate gene expression and
influence AP severity [3]. Thus; understanding the genetic features
of AP is crucial for developing targeted therapeutic strategies.
Traditional statistical methods; such as regression analysis;
have been widely used for studying the correlation between
genetic variants and disease outcomes. However; these methods
are limited due to confounding factors; reverse causation; and
measurement errors [4]. For example; in observational studies;
it is challenging to explain the effects of various environmental
factors that may influence both exposure and the outcome. Hence;
more reliable analytical methods are needed to determine causal
relationships; better consider these confounding variables; and
identify the genetic determinants of diseases like AP [5]. AP is a
common disease of the gastrointestinal tract and the incidence
is increasing at an annual rate of 2% to 5% [6]. Although the
mortality rate has decreased over time; the overall mortality
rate remains high. Severe AP (SAP) is strongly associated with
mortality. Therefore; it is critical to predict risk factors for SAP.

Mendelian randomization (MR) is a potent statistical method
that uses SNPs as instrumental variables (IVs) to infer causality
between exposures and outcomes [7]. It utilizes the random
assortment of alleles at conception; minimizes confounders; and
estimates the causal effects more accurately [8]. Through genetic
data; MR can uncover the impact of specific exposures; such as
SNPs; on disease outcomes; thus, providing a better understanding
of biological mechanisms. This approach is particularly important
for studying complex diseases like AP; where traditional methods
may fall short in establishing causality [1]. In this study; we aim
to explore the causal link between genetic variants in the ANXA2
gene and the risk of developing SAP using a two-sample MR
framework. The publicly available genome-wide association study
(GWAS) data were leveraged to identify SNPs in the ANXA2 gene
and assess their impact on AP severity [9]. We focus on how these
SNPs modulate gene expression and influence disease outcomes
and consider potential confounders such as age; sex; and lifestyle
factors. Robust MR methods; including inverse-variance weighting
and MR-Egger regression; were employed to ensure the reliability
of our findings [1].

This study aims to elucidate the role of genetic variants in
the ANXA2 gene in SAP. We integrate genetic data with clinical
outcomes to identify novel genetic markers that help predict
disease severity and guide therapeutic interventions. The result
may enhance our understanding of the genetic features of AP
and provide implications for personalized medicine; potentially
improving clinical management strategies for patients at risk of
SAP [2]. The UK Biobank Pharma Proteomics Project (UKB-PPP)
is a collaborative initiative involving the UK Biobank (UKB) and
13 biopharmaceutical companies; which aims to characterize

the plasma proteomic profiles of 54;219 UKB participants. This
project has comprehensively mapped protein quantitative trait
loci (pQTLs) for 2;923 proteins and identified 14;287 major
genetic associations. Among them; 85% are newly discovered;
including ancestry-specific pQTL mapping for non-European
populations. The decode database offers large pQTL data to study
the associations between plasma proteins and genetics. These
data aid in identifying genetic variants that influence protein
expression and revealing biological pathways related to diseases.
In summary; eQTLs and pQTLs; particularly the data provided by
UKB and decode; are vital tools for studying the genetic basis of
gene expression and protein levels.

Methods
Study design and data sources

We applied a Summary-data-based Mendelian Randomization
(SMR) combined Genome-Wide Association Study (GWAS) datasets
and GEO datasheets data mining design to identify circulating
proteins and regulated miRNAs associated with prevalence of
SAP-related genetic variants (Figure 1). To achieve this; we used
summary data from the largest genome-wide association study
(GWAS) on AP conducted among individuals of European descent
[1]; as well as protein quantitative trait loci (pQTL) GWASs from
the Pharma Proteomics Project by Sun et al. [3] in the UK Biobank.
Detailed methods of protein assays are described in this study [3].

Ethical approval

No separate ethical approval was required due to the use of
publicly available data.

SNP selection and validation

SNPs in the ANXA2 gene (GRCh38 chromosome 15 position
60;347;134-60;402;883 reverse strand) that was associated with
gene expression (ie; pQTL) in blood samples were selected based
on genome-wide significance (P<5x10-8). To ensure minimal
linkage among the [Vs used in MR; they were ranked based on
the P value of their associations with UKB_PPP_pQTL (https://
registry.opendata.aws/ukbppp/)[10] and subsequently pruned
for linkage disequilibrium at an r2 threshold of 0.1 and a distance
threshold of 500 kilobases. Considering the correlation between
variants; including mildly correlated variants; can improve
statistical power over strictly selecting independent variants. MR
estimators become unstable when only selecting variants that
are highly correlated [11]. The pruning r2 threshold was used to
balance these two issues.

MR analysis

The MR approach followed three key assumptions [12].
First; the IVs used were highly correlated with exposure. Large-
scale modern GWASs can identify genetic variants associated
with exposure in large datasets [13]. Second; the IVs must not be
affected by any confounders. This assumption may be violated
due to LD and/or population ancestry [14]. Lastly; [Vs must only
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affect the outcome through exposure (namely; no horizontal
pleiotropy) [15]. Large-scale GWASs of circulating proteins [16]
have evidenced that their genetic determinants are near the
encoding genes. The cis-acting SNPs reduce potential horizontal
pleiotropy and enhance the validity of MR assumptions. A cis-SNP
that is closely related to the protein is likely to directly affect gene
transcription and circulating protein levels. Independent cis-pQTL
SNPs (r2<0.001) that were notably correlated with circulating
proteins (p<5x10-8) were selected from pQTL GWASs [16].

Statistical Analysis

Data were analyzed in R software 4.3.3. Continuous data were
compared using independent Student’s t-test or Mann-Whitney
U. Differences among groups were compared via the Kruskal-
Wallis test. Spearman correlation analysis was utilized to obtain
coefficients among genes. A p-value (two-sided) < 0.05 implied
statistical significance.

Software and Preregistration

MR analyses were conducted using the SMR & HEIDI methods
and software tool [11,16]. Some data from GWAS were extracted
from the OpenGWAS platform. This paper was not pre-registered.

Results
Data acquisition

Data from the GEO database were downloaded using the R
package GEOquery [17]. Five AP datasets (GSE109227; GSE65146;
GSE121038; GSE136030; and GSE194331) were obtained. The
samples from the GSE109227 [18]; GSE65146; and GSE121038
datasets were all derived from the pancreas tissue of mice. The
samples from the GSE136030 (GEO Accession viewer) and
GSE194331 [19] datasets were all derived from human exosomal
miRNA and RNA-Seq of blood collected from AP patients with
varying severity. The detailed information is listed in Figure 1. In
the GSE109227 dataset; the chip platform was GPL6246; which
included 6 AP samples and 5 control samples. In the GSE65146
dataset; the chip platform was also GPL6246; including 39 AP
samples; 5 control samples; and 27 mutant mouse samples. The
GSE121038 dataset utilized the GPL10787 chip platform and
included 8 AP samples and 7 control samples. This study only
considered the AP group and the control group. In the GSE136030
dataset; the chip platform was GPL18402. Exosomal miRNAs
in serum samples from AP patients with or without persistent
organ failure (POF) (5 vs. 5) were profiled using microarrays
and differentially expressed genes (DEGs) were identified. Then
starBase v2.0 [20] was utilized to get the target mRNA. The
GSE194331 dataset [19] utilized the GPL16791 chip platform
and included 87 AP patients of varying severity levels (Mild=57;
Moderately-Severe=20; Severe=10) and 32 healthy controls.
Deseq2 was utilized to get DEGs between SAPs and healthy
controls (Table 1).

The sva [21] R package 3.50.0 was used to eliminate batch
effects from the GSE109227; GSE65146; and GSE121038 datasets;
resulting in a combined dataset; which encompassed 53 AP
cases and 17 control cases. Subsequently; the combined dataset
was standardized with the R package limma [22]. Probes for
descriptions were optimized and uniformly produced. Principal
component analysis (PCA) was then carried out on expression
matrices to verify the effectiveness of the elimination process.
PCA reduced data dimensionality; involved feature vectors
(components) from high-dimensional data; and represented
them in a lower-dimensional space in two-dimensional or three-
dimensional plots. The AnnoProbe 0.1.7 (https://github.com/
xjsun1221/tinyarray) R package were used to analyze exosomal
miRNAs; which were quantified in each group for AP individuals
with POF at an early phase. Deseq2 (https://github.com/
thelovelab/DESeq2) was used to analyze the GSE194331 dataset;
and transcriptomic data found increased DEGs correlated with
mild; moderate; and SAP; demonstrating 447; 1;553; and 2;618
DEGs; respectively (padj<0.05; logFC >2).

DEGs Related to SAP

Based on samples from the GEO database; mouse samples
were classified into the control and AP groups. DEGs between
the two groups were analyzed via the R package; with |logFC|>1
and adj.p<0.05 as the criteria. Genes with logFC>1 and adj.p<0.05
were considered up-regulated; while genes with logFC<-1 and
adj.p<0.05 were classified as down-regulated. The Benjamini-
Hochberg (BH) approach was used to obtain adj.p value. Volcano
plots were employed to display DEGs. DEGs in human samples
were identified as genes with |logFC| 22 and adj.p < 0.05 (corrected
using the BH method). To locate SAP-related genes; SMR SNP
instrument intersection genes were overlapped with DEGs
from the combined dataset. A Venn diagram was constructed to
demonstrate the overlapping genes (Figure 2A). These genes were
further visualized in a boxplot from mouse data (Figure 2B) and
human data (Figure 2C). Forest plots showed the top SNP from
eQTL and pQTL was rs62004990 and rs8033800; increasing the
risk of SAP to 10% (Figure 2D).

Immune Infiltration Analysis

Based on linear support vector regression; the CIBERSORT
algorithm [23] deconvolutes the transcriptome expression matrix
to estimate the composition and abundance of immune cells
in cell mixtures. Data with an immune cell enrichment score >
zero were filtered and the specific immune cell infiltration in the
matrix of the combined dataset was obtained. The proportion
of immune cells was visualized in a bar chart (sup Figure 1 in
supplementary material). The different immune cells between
healthy controls and SAP patients were shown in plots using the
R package ggplot2. Subsequently; the relevance was obtained by
the Spearman algorithm and visualized in a correlation scatter
plot. Additionally; the Spearman algorithm was utilized to obtain
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the relevance of immune cells to the focused gene; which was
visualized in the violin plot (Figure 3); lollipop plot; and scatter
plot (Figure 4 & Figure 5). Our study found that the overlapping
gene identified from the combined analysis of GEO data; eQTL_AP;
pQTL_UKBB; and pQTL_deCODE was ANXA2. The three miRNAs

Table 1: DEGs of mRNA and microRNA intersection.

downregulated in extracellular vesicles from the peripheral blood
of SAP patients could target ANXA2. These miRNAs were hsa-
miR-378a-3p; hsa-miR-23c; and hsa-miR-4701-5p; with hsa-miR-
4701-5p showing the most significant decrease; with a logFC of
-2.52 and an adjusted p-value of 0.035 [24] (Table 2).

Gene Fold.Change Adjusted.p.Value Change miRNA logFC Adjusted.p.Value Change
ANXA2 211 2.76E-08 up hsa-miR-378a-3p -1.81 0.035 down
ANXA2 2.11 2.76E-08 up hsa-miR-23c -1.93 0.031 down
ANXA2 211 2.76E-08 up hsa-miR-4701-5p -2.52 0.031 down

Table 2: Instrumental SNP of RNA and protein level intersection.
s nsnp_
Chr | Gene Position topSNP Al | A2 Freq b_SMR se_SMR p_SMR p_HEIDI HEIDI

eQTL_AP 15 | ANXA2 | 60667207 | rs62004990 | T C | 0.271372 | 0.137186 | 0.061327 | 2.53E-02 | 8.28E-01 20

pQTL_de-

CODE AP 15 | ANXA2 | 60375008 rs8033800 A T | 0.582505 | 0.080711 | 0.026399 | 2.23E-03 | 3.75E-01 20

pQTL_de-

CODE AP 15 | ANXA2 | 60375008 rs8033800 A T | 0.582505 | 0.098966 | 0.032383 | 2.24E-03 | 3.04E-01 20
pQTLAL[],KBB‘ 15 | ANXA2 | 60375008 rs8033800 A T | 0.582505 | 0.098856 | 0.032357 | 2.25E-03 | 1.91E-01 20

Table 3: Reactome pathway enrichment using SIGORA v3.1.1 with DEGs from the specified comparison between severity groups (Adjusted

p-value <0.01).

Comparison Reactome Pathway ID

Description

Adjusted p Value DEGs in the Pathway

SAP vs health controls R-HSA-6798695

degranulate degranulation

0.00E+00 CLEC4D, ANXAZ2, CTSC, CD44

80

g
s F

Relative Percent
B
=

20

£
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Supplementary material

Sup Figure 1: Bar chart of infiltration profiles of 21 immune cell types in control and severe acute pancreatitis (SAP) tissues.
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Discussion

This study investigated the genetic basis of AP and its impact on
AP severity. Our findings revealed a significantassociation between
specific genetic variants and AP severity; as evidenced by identified

DEGs across various datasets. Notably; the analysis highlighted
the role of immune cell infiltration in the pathophysiology of
SAP; suggesting that genetic predispositions may influence
immune responses during SAP progression. These results stress
the importance of the genetic features of AP; which could pave

How to cite this article: Zhongsu Yu, Huajian Hu, Lu Xiao, Xiaofeng M, Liangping C. Risk-Associated Circulating Biomarker ANXA2 Identified in Severe
Acute Pancreatitis. Adv Res Gastroentero Hepatol, 2025; 22(2): 55607981. DOI: 10.19080/ARGH.2025.22.556081



Advanced Research in Gastroenterology & Hepatology

the way for targeted strategies and improved management. Our
findings align with previous research that underscores the role
of cis-acting SNPs in the risk of AP. For instance; Wang et al.
[25]. employed the MR approach to investigate the causal link
between lipid levels and AP and revealed that higher triglyceride
levels significantly increased the risk of AP (Odds Ratio [OR] =

2.02; 95% CI: 1.22-3.31)[25]. Additionally; Kim et al. identified
genetic variants that influenced immune traits associated with
AP; suggesting that immune dysregulation may be crucial in AP
pathogenesis [26]. Similarly; Zhang et al. found several significant
genetic loci associated with the susceptibility to AP; providing
strong evidence for the genetic basis of AP [27] (Table 3).

Find risk factors{SNP/mIR) In Severe acute pancreatitis (AP)
lab data Bench to bed SMR analysis
/”' homo GSE 184331, GSE136030, microRNA aTL.
g [ Chosathies mus GEOY, | | ypg-s7, data from Changhai | | loom (UKE-PPPAdECODE)
E- dalaset{GSE10922T, Moderatety-Severa=20, Hospital, Department, v
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+ ¥ exosomal mik with ¥ ~
Find DEGs Severs AP s healthy persistent organ 2 SNP in ANXAZ;
(mRNA) controls DEGs {mRNA) fallure (POF) in AR 2 mik lﬂrﬂﬂlﬁﬂuzj
= W W w T
o
= 38 Down; 1184 Down; predict targel
» - 24
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(Annexin A2) is a Protein Coding gene.

Figure 1: Flow chart for the comprehensive analysis of DEGs in SAP. AP, Acute Pancreatitis; DEGs, Differentially Expressed
Genes; MR: Mendelian randomization; eQTLs (expression quantitative trait loci) and pQTLs (protein quantitative trait loci) are
two important concepts in genomics. eQTLs refer to specific genomic loci that have a quantifiable impact on gene expression
levels, while pQTLs denote genomic regions that affect protein expression levels. UKB and decode are two significant databases
that provide pQTL data; GWAS: genome-wide association study; SNP: single nucleotide polymorphism; miR microRNA; ANXA2

Furthermore; recent findings indicate a complex interaction
between genetic factors and environmental influences in
determining AP risk. For instance; Chuang et al. explored the
association between gut microbiota and AP; revealing that specific
microbiota profiles; driven by genetic predisposition; could
impact the risk of AP [28]. This illustrates that both genetic factors
and environmental interactions contribute to AP risk; consistent
with our emphasis on the multifactorial nature of AP. In contrast;
other studies report the opposite findings. For example; Li et al.
observed an association between specific SNPs and an increased
risk of AP; yet they found no causal link through MR analyses
[29]. This discrepancy might be attributable to differences in
methodology; sample size; or population diversity. Similarly;
Zhang et al. indicated that while dietary factors appeared to
influence AP risk; they did not find significant genetic associations
[30]. These inconsistencies underline the intricate nature of
genetic interactions in AP and further investigations are required
to clarify these relationships. Moreover; Wang et al. supported a

significant genetic predisposition to AP-related immune traits;
consistent with our findings [11]. Conversely; the lack of found by
Liu et al. [26]. did not reveal a genetic association in their study of
obesity-related factors. Hence; more research is required to fully
illustrate the interplay between genetic and environmental factors
in AP pathogenesis [31].

In summary; our findings corroborate existing literature on
the genetic factors for the risk of AP; particularly emphasizing
the role of cis-acting SNPs and immune-related genetic traits.
The inconsistencies observed should be explained in future
investigations; particularly concerning the methods employed
and the populations studied; to enrich our comprehension of the
genetic architecture of AP. The association between ANXA2 SNPs
and AP is elucidated through its influence on gene transcription
and subsequent circulating protein levels. The ANXA2 gene;
which encodes annexin A2; is crucial in various cellular processes;
including membrane trafficking and inflammation; both of which
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are pivotal in AP pathogenesis. Studies have noted that SNPs in
the ANXA2 gene can affect its transcriptional activity; thereby
potentially altering the expression levels of annexin A2 under AP-
related inflammatory stimuli [32]. Notably; alterations in annexin
A2 levels can regulate pancreatic inflammation and fibrosis;
suggesting a direct link between ANXAZ2 expression and AP
severity [7]. Furthermore; the interaction of ANXA2 with various

signaling pathways underscores its significance in inflammatory
responses. For instance; ANXA2 activates pathways involved in
the release of pro-inflammatory cytokines; thereby influencing
the acute-phase response in AP [33]. ANXA2 also promotes cell
survival during inflammatory processes; showing potentially
protective mechanisms against pancreatic acinar cell damage;
which is a hallmark of AP [34].

-
1 + i‘_,
+ =
B
Ouloome  Exposure Melhod  top3NP
AF oaTL 2 Pl 0
Al PAIL CRUDUE MM RBCISNO0
AP paT._ceCOOC  SANT 1582338240
AF #T. UKES SR FREC 1300
P08 s considenad Hanpioaly mpnifcant

list in table1. Odds ratios are calculated per standard deviation

A
- % e
C
OR[ES%CN P vslus
I*'I- AR 1 2T 202550
- *DE 0SNG 1 16N DLOCER
- TG00 197 C.00234
- LA e 1170 00225
0 o 1 14 2

srotocts foslor risk footor

Figure 2: The association between genetically proxied serum ANXA2 protein levels and SAP. A: a Venn diagram illustrating the
intersection of five distinct genomic datasets: (1) cis-expression quantitative trait loci (cis-eQTL) associated with acute pancreatitis
(AP), (2) protein quantitative trait loci (pQTL) from the UK Biobank (UKBB) related to AP, (3) pQTL from the decode genetics cohort
associated with AP, (4) differentially expressed microRNAs (miRs) in human SAP tissue, and (5) transcriptomic DEGs identified in
both human SAP tissue and murine AP tissue models. Remarkably, the integrative analysis revealed an overlapping gene, ANXA2
(Annexin A2). B: comparative transcriptomic profiles of Anxa2 and reference gene Gapdh in pancreatic tissues between AP and
control groups. RNA-seq data revealed a significant upregulation of Anxa2 expression in AP tissues (FDR <0.05, |log2 fold change|
22), normalized against Gapdh. C: comparative analysis of ANXAZ2 transcriptional levels in human transcriptome profiles across
four cohorts: healthy controls (HC), mild AP, moderately SAP, and SAP. The results revealed statistically significant upregulated
ANXA2 expression in the SAP group compared to other clinical subgroups (p<0.05). GEO_conbined data (mMRNA_GEOmus,
mRNA_GEOhomo, and miR_GEOhomo), eQTL_AP, pQTL_UKBB, pQTL_deCODE intersection was ANXA2 and the instrumental
SNPs were rs62004990 and rs8033800, while the miRs were hsa-miR-4701-5p, hsa-miR-23c, and hsa-miR-378a-3p, they were

between genetically regulated exposures (cis-eQTL, pQTL_deCODE, and pQTL_UKBB) and AP risk, evaluated via the SMR
method. Two instrumental SNPs, rs62004990 and rs8033800, were mapped to the ANXA2 locus. Mendelian randomization
estimates revealed that each unit increase in ANXA2 expression conferred a 10% higher risk of AP (OR = 1.10, 95% CI: [1.04-
1.17]; P < 0.05), identifying ANXA2 as a novel genetic risk factor for AP pathogenesis.

b

increase in the exposure. D (forest plot): the causal relationships
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Figure 3: Analysis of the correlation between ANXA2 gene expression and immune cell profiles in SAP patients. The differential
expression of various immune cell types between SAP patients and normal controls was shown, with significant differences
indicated by p-values.
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Figure 4: Alollipop plot of the strength and statistical significance of correlations between ANXA2 expression and different immune
cell types.
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Figure 5: Scatter plots and trend lines reveal the correlation between ANXA2 expression and specific immune cell types (e.g.,
CD8+ T cells and monocytes), with each plot indicating the correlation coefficient (R) and p-value. A: a strong positive correlation
between ANXA2 transcriptional levels and monocyte infiltration (R = 0.56, p < 0.001, Pearson’s test). B: a moderate positive
association of ANXA2 with M2 macrophages infiltration (R = 0.41, p < 0.01), C: a significant inverse correlation between ANXA2
expression and CD8+T cells infiltration (R = -0.33, p < 0.05), suggesting potential immunosuppressive effects in SAP progression.

ANXA2 dysregulation through genetic variants may impair
cellular responses and ultimately contribute to the pathological
mechanisms of AP. Specifically; increased levels of ANXA2 can
promote the recruitment of immune cells to the inflammatory site;
thus, exacerbatinglocal inflammatory responses [35]. Additionally;
circulating ANXA2 levels may be a biomarker for AP severity;
providing clinical implications for detection and therapeutic
interventions [36]. In conclusion; the SNPs in the ANXA2 gene
significantly influence the transcription and subsequent protein
levels; which in turn modulate the pathological mechanisms
of AP. The intricate relationship between ANXA2 expression
and inflammatory processes warrants further investigations to
determine its potential as a therapeutic target and biomarker
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in AP management. Future studies should explore the precise
mechanisms of ANXA2 SNPs in gene transcription and clinical
implications for AP patients. Understanding these pathways
could offer new ideas for therapeutic strategies to mitigate the
inflammatory response in AP [37].

This study employs MR analysis and large-scale GWAS data;
presenting a significant advantage over previous research that
often lacked rigorous methodologies to address confounding
factors. The two-sample MR approach effectively reduces the
influence of confounders and enhances the reliability and validity
of our results. Unlike earlier studies that primarily relied on
observational data without genetic profiles; our approach more
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accurately estimates the causal relationship. Multiple MR methods;
such as inverse variance weighting and sensitivity analyses are
used; which further confirms the robustness of our findings
and ensures that the results are not influenced by pleiotropy or
heterogeneity. Previous studies have demonstrated challenges in
establishing causality due to confounding factors. However; we
obtain consistent findings across various analytical techniques;
reinforcing the strength of our conclusions. Additionally; specific
genetic variants were regarded as IVs; which enhances the
accuracy of our causal inferences and elucidates the underlying
mechanisms. Overall; this research offers a reliable framework for
exploring causality and valuable insights into the complex impact
of genetic factors on health outcomes [16,38,39].

This study highlights the significant association between
specific DEGs and AP severity; suggesting a potential role of these
DEGs in the AP pathophysiology. Despite these important findings;
several limitations must be acknowledged. First; the absence of
wet lab experiments restricts the biological validation of the
identified DEGs. Additionally; the relatively small sample sizes in
some datasets may limit the generalizability of our conclusions.
Given the lack of clinical validation; greater caution must be
exercised in interpreting the results. Furthermore; integrating
multiple datasets may introduce batch effects that affect the
consistency of data analysis.

In conclusion; our research confirmed the association between
immune infiltration and specific gene expression patterns in
SAP; underscoring the importance of these factors for future
therapeutic strategies. These findings should be substantiated
in clinical settings to disclose the underlying mechanisms of
AP. Larger-scale studies and clinical validation are essential to
confirm the relevance of these DEGs as biomarkers and potential
therapeutic targets.
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