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Abstract
Pancreatitis, as a common exocrine pancreatic disease, poses a daunting challenge to patients’ health and the medical system. 
Endoplasmic reticulum stress (ERS) plays an essential role in the pathologic process of pancreatitis. However, its mechanism 
is not fully understood. Therefore, this study was designed to deepen the understanding of the pathogenic mechanism of the 
disease by screening key ERS-related genes (ERSRGs) associated with pancreatitis. Pancreatitis mRNA data for GSE194331 
(Normal: 32, Pancreatitis: 87) and pancreatitis GSE143754 (Normal: 9, Pancreatitis: 6) were downloaded from the GEO 
database and were used as a training and validation set, respectively. First, the training set GSE194331 was differentially 
expressed and intersected with the ERSRGs (n = 265) obtained from the MSigDB database to result in 42 differentially 
expressed ERSRGs (DE-ERSRGs). Subsequently, five candidate genes were further screened by PPI network and MCC and 
MCODE algorithms. However, according to the ROC curve results, AUC values of CCND1, BCL2, PIK3R1, and BCL2L1 
were all greater than 0.6, indicating that they had good diagnostic performance, which was verified by the GSE143754 
data set. Based on the GeneMANIA network, it was found that hub genes BCL2 and BCL2L1 may be the key factors in the 
regulation of mitochondrial metabolism. 24 differentially expressed pancreatitis-related genes (DE-PRGs) were found by 
difference analysis and Venn analysis. Hub genes BCL2 and PIK3R1 that were significantly correlated with 24 DE-PRGs 
were determined by Spearman analysis. ssGSEA algorithm was further used to reveal the significant correlation between 
these hub genes and the immune microenvironment of pancreatitis. The miRNA and lncRNA targeting hub genes were pre-
dicted using miRWalk, TargetScan, miRDB, and ENCORI databases, providing research directions for the mechanism of 
pancreatitis. Finally, the Network Analyst website was used to predict potential compounds associated with the hub gene. In 
conclusion, this study not only further supports the role of ERS in the development of pancreatitis but also provides a new 
perspective and direction for the development of biomarkers and mechanism of pancreatitis. At the same time, the results of 
this study provide a reliable research direction for the targeted treatment of pancreatitis.
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Introduction

Pancreatitis is the most common exocrine pancreatic disease 
and a primary cause of consultation and hospitalization for 
gastrointestinal diseases [1, 2]. Pancreatitis can be divided 
into acute pancreatitis (AP) and chronic pancreatitis (CP), 

with AP being the most common type [3]. According to sta-
tistics from 2017, there are approximately 1.6 million new 
cases of AP globally, with 100,000 deaths [4]. Even if AP 
can be cured, the life quality of patients after surgery will 
be substantially reduced [5]. Additionally, about 17% of AP 
patients will relapse and 8% of AP patients will progress to 
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CP, imposing a serious economic burden on the healthcare 
system [6, 7]. Furthermore, CP is a chronic inflammatory 
disease that can result in irreversible changes in pancreatic 
tissue and function. Factors such as persistent inflamma-
tion and pancreatic injury, genetic susceptibility, autoim-
mune reactions, ductal changes, smoking, or alcohol abuse 
may contribute to the progression from AP to CP [8–10]. 
Moreover, CP dramatically elevates the risk of developing 
pancreatic cancer (PC), threatening human health [11]. Cur-
rently, although considerable progress has been achieved in 
the treatment of pancreatitis, including the application of 
techniques, such as surgery, endoscopic ultrasound examina-
tion, and immunotherapy, the exact mechanism of pancreati-
tis remains unclear, which hinders in-depth research on the 
disease [12–14]. Therefore, there is an urgent need to figure 
out the mechanism of pancreatitis development.

Former studies have suggested that the occurrence of 
pancreatitis is tightly linked to autophagy and inflammatory 
responses, and endoplasmic reticulum stress (ERS) plays a 
pivotal role in autophagy and inflammatory responses [15]. 
ERS is a pathologic process induced by the excessive aggre-
gation of misfolded proteins in the endoplasmic reticulum 
(ER) triggered by external stimuli (such as oxidative stress, 
calcium homeostasis imbalance, and phospholipid synthe-
sis disorders), which initiates the unfolded protein response 
(UPR) to correct this error [16]. A study has shown that 
ERS/UPR can activate the NLRP3 inflammasome, inducing 
inflammatory responses through oxidative stress, calcium 
homeostasis, and NF-κB activation [17]. Recently, He et al. 
[18] uncovered that the suppression of SRXN1 expression 
activates ERS, leading to the accumulation of M1 pheno-
type macrophages and neutrophils, facilitating inflammation 
and exacerbating the progression of AP. Additionally, Zhang 
et al. [19] pointed out that the accumulation of GSDMD in 
the ER induces ERS in acinar cells, further exacerbating the 
local pancreatic symptoms and systemic inflammation in AP. 
In recent years, many studies have revealed that ERS-related 
genes can be used as prognostic and diagnostic markers for 
cancers or diseases, such as pancreatic cancer [20], diabetic 
nephrosis [21], and non-alcoholic fatty liver disease [22]. 
However, the role of ERS-related genes in pancreatitis has 
not been studied.

In this study, we identified the ERS-related genes 
(ERSRGs) that play a key regulatory role in pancreatitis 
through analysis of public databases, which were also hub 
genes. After evaluating the diagnostic ability of these hub 
genes, we further investigated their linkage with pancreatitis-
related genes (PRGs) and their roles in the immune micro-
environment. Our investigation further confirmed the poten-
tial value of these genes in pancreatitis diagnosis. Finally, 
potential miRNAs, lncRNAs, and drugs targeting these hub 
genes were predicted. In conclusion, these findings func-
tion as a solid theoretical basis for future in-depth research 

on the clinical diagnosis and treatment of pancreatitis and 
offer important reference directions for further mechanistic 
studies and clinical applications.

Materials and Methods

Data Acquisition

Since there are few pancreatitis datasets from human sam-
ples, two mRNA datasets, GSE194331 and GSE143754, 
were downloaded from the GEO database as training and 
validation sets, respectively. Dataset GSE194331 contained 
peripheral blood RNA-Seq data from 32 healthy controls and 
87 AP patients with varying degrees of severity (mild = 57, 
moderate = 20, severe = 10). Dataset GSE143754 contained 
mRNA data from 6 CP tissue samples and 9 adjacent normal 
tissue samples. Genes associated with pancreatitis disease 
were obtained from the Genecards database (https://​www.​
genec​ards.​org/), with genes greater than the Relevance score 
median retained. We referenced the method by Chen et al. 
[23] to download 265 ERSRGs (Table S1) from the MSigDB 
database (https://​www.​gsea-​msigdb.​org/​gsea/​msigdb/​index.​
jsp) with the search term as GOBP_RESPONSE_TO_
ENDOPLASMIC_RETICULUM_STRESS.

Screening and Enrichment Analysis of Differentially 
Expressed ERSRGs (DE‑ERSRGs) in Pancreatitis

The limma R package [24] was employed to analyze the 
GSE194331 training set from differential expression anal-
ysis, yielding differentially expressed genes (DEGs) with 
thresholds of P value < 0.05 and |logFC|> 0.5. The intersec-
tion of integrated DEGs and ERSRGs with the Venn dia-
gram was used to obtain DE-ERSRGs. To clarify the related 
functional pathways, Gene Ontology (GO) and Kyoto Ency-
clopedia of Genes and Genomes (KEGG) enrichment analy-
ses were carried out on the DEGs using the clusterProfiler 
R package, with final results visualized using the enrichplot 
R package [25].

Identification of Hub Genes in DE‑ERSRGs 
and Evaluation of Their Clinical Diagnostic 
Performance

We input DE-ERSRGs into the Search Tool for the Retrieval 
of Interacting Genes (STRING) database (https://​string-​db.​
org/) to construct a protein–protein interaction (PPI) related 
to DE-ERSRGs, with a confidence level of 0.4. Based on the 
PPI network results, the top 10 genes were calculated using 
the MCC method in the CytoHubba plugin of Cytoscape 
3.10.0 and integrated with the results of MCODE algorithm 
screening to identify hub genes [26, 27]. The differential 

https://www.genecards.org/
https://www.genecards.org/
https://www.gsea-msigdb.org/gsea/msigdb/index.jsp
https://www.gsea-msigdb.org/gsea/msigdb/index.jsp
https://string-db.org/
https://string-db.org/
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expression of hub genes in normal samples and pancreatitis 
samples in the GSE194331 training set was analyzed. Sub-
sequently, the receiver operation characteristic (ROC) curves 
of hub genes in the training set were plotted using the pROC 
R package, with the area under the curve (AUCs) calculated 
to evaluate the clinical diagnostic performance of hub genes 
[28]. The higher the AUC value indicated better the diagnos-
tic performance. Finally, the ROC curve was used to verify 
the diagnostic performance of the hub gene in the validation 
cohort GSE143754 dataset.

Prediction of Hub Gene Function and Correlation 
Assessment of Hub Genes and PRGs

The GeneMANIA website (http://​genem​ania.​org) was used 
to predict genes with similar functions to the hub gene 
and their interaction network diagram was constructed 
[29]. From Genecards database (https://​www.​genec​ards.​
org/) [30], genes associated with pancreatitis (Relevance 
score > 10) were screened, with genes having Relevance 
scores higher than the median value retained. The screened 
PRGs were intersected with DEGs to obtain the differentially 
expressed PRGs (DE-PRGs). Finally, the “spearman” was 
used to calculate the correlation between the hub gene and 
these genes in pancreatitis samples, and the correlation heat 
map was drawn using ggcorrplot package.

The Role of the Hub Genes in the Immune 
Microenvironment

With the use of the single sample gene set enrichment 
analysis (ssGSEA) algorithm, we evaluated the immune 
microenvironment differences between normal samples and 
pancreatitis samples in the GSE194331 training set. Fur-
thermore, the correlation between hub genes and immune 
cells in pancreatitis samples was assessed, with ggcorrplot 
R package [31] utilized for result visualization.

The Construction of the ceRNA Network

First, the miRNAs interacting with hub genes were predicted 
using the miRWalk database (http://​mirwa​lk.​umm.​uni-​heide​

lberg.​de/). In order to ensure the accuracy of the results, we 
further integrated the results of TargetScan (https://​www.​
targe​tscan.​org/​vert_​80/) and miRDB database (https://​mirdb.​
org/) prediction [32]. The TargetScan database was used to 
predict the potential sites of hub gene binding to miRNA. 
The miRDB database was used for miRNA target prediction 
and functional annotation. At the same time, these databases 
were used to analyze the correlation between hub genes and 
predicted miRNAs. Then, we further predicted lncRNAs tar-
geting miRNAs in the ENCORI database (https://​rnasy​su.​
com/​encori/) and used ENCORI online database analysis to 
express the relationship between the two. We selected nega-
tive correlation lncRNAs as target lncRNAs. Finally, the 
ceRNA network was visualized [33] via Cytoscape 3.10.0.

Prediction of Potential Compounds Targeting Hub 
Genes

Network Analyst (https://​www.​netwo​rkana​lyst.​ca/), as an 
integrated online platform for gene expression visualiza-
tion, can help find regulation Networks of drug interaction 
compounds [34]. The data are based on data from the Com-
parative Toxicogenomics Database (CTD). Therefore, in this 
study, hub genes were imported into the Network Analyst 
website, so as to locate the compounds interacting with hub 
genes and build the corresponding hub gene.

Collection of Samples

About 10 whole blood samples of pancreatitis patients and 
10 normal control samples were collected. The research was 
executed under the Helsinki Declaration and approval from 
the Affiliated Jinhua Hospital, Zhejiang University School 
of Medicine Ethics Committee.

qRT‑PCR

Total cellular RNA was extracted using TRIzol reagent 
(Invitrogen, USA). RNA concentration and purity were 

Table 1   Primer sequences for 
qRT-PCR

Genes Primer sequence (5’-3’)

CCND1 CAT​CTA​CAC​CGA​CAA​CTC​CATC​ TCT​GGC​ATT​TTG​GAG​AGG​AAG​

BCL2 GTG​GAT​GAC​TGA​GTA​CCT​GAAC​ GCC​AGG​AGA​AAT​CAA​ACA​GAGG​
PIK3R1 GAT​GGC​ACT​TTT​CTT​GTC​CG CTG​TAC​AAG​TTA​TAG​GGC​TCGG​
BCL2L1 GAC​ATC​CCA​GCT​CCA​CAT​C GTT​CCC​ATA​GAG​TTC​CAC​AAAAG​
GAPDH CAA​TGA​CCC​CTT​CAT​TGA​CC GAC​AAG​CTT​CCC​GTT​CTC​AG

http://genemania.org
https://www.genecards.org/
https://www.genecards.org/
http://mirwalk.umm.uni-heidelberg.de/
http://mirwalk.umm.uni-heidelberg.de/
https://www.targetscan.org/vert_80/
https://www.targetscan.org/vert_80/
https://mirdb.org/
https://mirdb.org/
https://rnasysu.com/encori/
https://rnasysu.com/encori/
https://www.networkanalyst.ca/
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determined using a NanoDrop One microUV visible spec-
trophotometer. SuperScript II reverse transcriptase (Invitro-
gen, USA) was employed for reverse transcription of RNA to 
cDNA. qRT-PCR was performed using TB Green® Premix 
Ex Taq™ II (Takara, Japan) on an ABI 7500 PCR system 
(Applied Biosystems, USA). GAPDH was used as the ref-
erence gene. The 2−ΔΔCT method was applied to calculate 
relative mRNA expression. Primer sequences are shown in 
Table 1.

Statistical Analysis

Statistical analysis of bioinformatics-related data was per-
formed using R software (version 4.2.2). Experimental data 
were analyzed using GraphPad Prism 8.0 software. The 
Student’s t test was used to compare two sets of normally 
distributed data, while the Wilcoxon rank-sum test was 
used to compare non-normally distributed data. The data 

Fig. 1   Identification and potential pathway analysis of DE-ERSRGs. 
A Volcano plot of mRNA expression in the training set GSE194331, 
with red representing upregulated mRNA and green representing 

downregulated mRNA. B Venn diagram analysis of identified DE-
ERSRGs. C GO enrichment analysis of DE-ERSRGs. D KEGG 
enrichment analysis of DE-ERSRGs
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of categorical variables between the two groups were tested 
by the Chi-square test, and Spearman was used to calculate 
the correlation. Each experiment for qRT-PCR was repeated 
at least three times. p < 0.05 was considered a significant 
difference.

Results

Identification of DE‑ERSRGs and Potential Pathway 
Analysis

We performed differential analysis on 32 normal samples and 
87 pancreatitis samples from the training set GSE194331, 
obtaining a total of 5195 DEGs (including 2202 upregulated 
genes and 2993 downregulated genes) (Fig. 1A, Table S2). 
By Venn analysis, we intersected the obtained DEGs with 
ERSRGs to obtain 42 DE-ERSRGs (Fig. 1B). Subsequently, 
enrichment analyses were conducted to dig out the potential 
biologic processes and signaling pathways affected by the 
DE-ERSRGs. The enrichment analyses revealed that these 
DE-ERSRGs were mainly enriched in response to ERS, 
regulation of response to ERS, intrinsic apoptotic signal-
ing pathway in response to ERS, dopaminergic synapse, 
ubiquitin-like protein ligase binding, and other Gene Ontol-
ogy (GO) entries (Fig. 1C), as well as important KEGG 
pathways, such as Protein processing in ER, Pathways of 
neurodegeneration-multiple diseases, Autophagy-animal, 
and TNF signaling pathway (Fig. 1D). This implied that the 
occurrence and progression of pancreatitis are closely linked 
to the modulation of ERSRGs, which may function through 
ERSRGs to mediate these biologic processes or signaling 
pathways.

Identification of Hub Genes in DE‑ERSRGs 
and Analysis of Diagnostic Value

In order to further obtain the key genes in DE-ERSRGs, we 
first constructed the PPI network of DE-ERSRGs (confi-
dence 0.4), and we analyzed the intrinsic connections among 
DE-ERSRGs. The results uncovered that among the 42 DE-
ERSRGs, 32 DE-ERSRGs (72.6% (32/42)) had interactions 
with each other (Fig. 2A). Furthermore, we identified the 
top 10 hub genes that play an instrumental part by utilizing 
the MCC algorithm (Fig. 2B). To ensure the reliability of 

the identification results, we re-identified hub genes using 
the MCODE algorithm (Fig. 2C). Subsequently, the inter-
section of the results from the two algorithms yielded 5 hub 
genes, namely PRKN, CCND1, BCL2, PIK3R1, and BCL2L 
(Fig. 2D). At the same time, compared with normal sam-
ples, all five hub genes were significantly under-expressed 
in patients with pancreatitis (P < 0.05, Fig. 2E).

Further, to evaluate the diagnostic performance of the 
hub gene, we plotted the ROC curve and calculated the AUC 
value. The ROC curves of the GSE194331 training set dem-
onstrated that the AUC values of these 5 hub genes were 
0.724, 0.665, 0.833, 0.919, and 0.689, all greater than 0.6 
(Fig. 3A). Further validation was performed on the verifica-
tion set GSE143754. The ROC curves also showed that the 
AUC values of CCND1, BCL2, PIK3R1, and BCL2L were 
all greater than 0.6, but the AUC value of the PRKN homol-
ogous gene PARK2 was only 0.519 (Fig. 3B), indicating that 
the diagnostic ability of PRKN may be poor. Therefore, we 
finally concluded that the four hub genes CCND1, BCL2, 
PIK3R1, and BCL2L have good diagnostic performance and 
may play a pivotal role in regulating pancreatitis treatment.

Functions of Hub Genes and their Potential Roles 
in Pancreatitis

To understand the main functions of hub genes, we presented 
the interaction network diagram of hub genes at the gene 
level, finding a strong correlation between the genes BCL2 
and BCL2L1 and pathways, such as apoptotic mitochondrial 
changes, regulation of membrane permeability, and regu-
lation of mitochondrial organization (Fig. 4A). Therefore, 
BCL2 and BCL2L1 may be key factors in the metabolic 
regulation of mitochondria. Unfortunately, we identified 
no similar genes with CCND1 or PIK3R1. Furthermore, 
to elucidate the functions of hub genes in pancreatitis, we 
first intersected 5195 DEGs with 147 PRGs (Table S3) and 
obtained a total of 24 intersecting genes, namely DE-PRGs 
(Fig. 4B, Table S4). The hub gene CCND1 was included, 
indicating that it was both a DE-PRG and a key hub gene 
identified in our study. This finding further strengthened 
the credibility of hub gene screening. Subsequently, we 
assessed the intrinsic relationship between hub genes and 
the expression of these genes (Fig. 4C), revealing that when 
the 4 hub genes interacted with DEGs associated with pan-
creatitis, they all exhibited a consistent trend of upregulation 
or downregulation. At the same time, BCL2 and PIK3R1 
have a strong correlation with most of the DE-PRGs, but 
further experimental verification is still needed. All in all, 
we believe that the identified hub gene may be of great value 
to the progression of pancreatitis and can provide a reference 
direction for the subsequent investigation of the mechanism 
of pancreatitis.

Fig. 2   Identification of hub genes in DE-ERSRGs. A PPI network 
of DE-ERSRGs. B The MCC method identified 10 hub genes with 
interacting relationships. C 5 hub genes with interaction relation-
ships identified by MCODE algorithm. D Venn analysis of MCC 
and MCODE algorithms. E Differences in hub gene expression 
between normal healthy samples and samples with pancreatitis in the 
GSE194331 training set

◂
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The Role of Hub Genes in Pancreatitis Immune 
Microenvironment

To evaluate the role of the hub gene in the immune micro-
environment of pancreatitis, we used the ssGSEA algorithm 
to analyze the level of immune cell infiltration in patients 
with pancreatitis. Only DCs, Mast cells, NK cells, and Treg 
showed no significant difference between patients with pan-
creatitis and normal samples. However, compared with the 
normal sample, Macrophage and Neutrophils in the patient 
with pancreatitis had a higher invasion level, while B cells, 
CD8+ T cells, and Tfh had a lower invasion level (P < 0.001) 
(Fig. 5A). Further, we analyzed the degree of enrichment of 
immune function. The results showed that the enrichment 
level of Check -point, HLA, Inflammation promoting, T-cell 
co-inhibition, and T-cell co -stimulation in patients with pan-
creatitis was significantly lower than that in normal samples 
(Fig. 5B). We then evaluated the association of the hub gene 
with immune function. The results showed that the hub gene 
was negatively correlated with Macrophage and Neutrophils, 
but positively correlated with B cells, CD8+ T cells, and Tfh 
with low invasion (Fig. 5C). Moreover, hub genes affected 

the enrichment of most immune functions, such as Check-
point, HLA, and Inflammation promoting. This indicated 
that the hub gene plays an important role in the immune 
microenvironment of patients with pancreatitis, which may 
have reference value for pancreatitis-related immunotherapy.

The Construction of the ceRNA Network

In order to analyze the potential regulatory mechanism of the 
hub gene in pancreatitis, we used miRWalk, TargetScan, and 
miRDB databases to predict the miRNAs and lncRNAs that 
may target the hub gene. Prediction results showed that a 
total of 26 miRNAs targeting hub genes were obtained. Sub-
sequently, analysis in the ENCORI database yielded 1095 
lncRNAs interacting with miRNAs. Finally, the ceRNA 
network was mapped using Cytoscape 3.10.0 software to 
demonstrate the predicted complex interactions between 
lncRNA–miRNA–mRNA (Fig. 6, Table S5). Therefore, the 
regulatory network of the hub gene in pancreatitis can be 
obtained through the ceRNA network, which provides a new 
research direction for the subsequent experimental investiga-
tion of the pathogenesis of pancreatitis.

Fig. 3   Diagnostic value of hub genes in patients with pancreatitis. A ROC curves of hub genes in the training set GSE194331. B ROC curves of 
hub genes in the validation set GSE143754
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Fig. 4   Functional analysis of hub genes and their potential roles in pancreatitis. A PPI network diagram for hub gene function prediction. B: 
Venn diagram of hub genes and genes related to pancreatitis. C Heatmap of the correlation between hub genes and genes related to pancreatitis
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Prediction of Potential Compounds Targeting Hub 
Genes

Lastly, we obtained 154 potential protein compounds target-
ing hub genes through the NetworkAnalyst website (https://​
www.​netwo​rkana​lyst.​ca/), including 24 compounds with 
degree = 4 and 120 compounds with degree = 3, through 
the NetworkAnalyst website (https://​www.​netwo​rkana​
lyst.​ca/) (Table S6). Simultaneously, we also displayed 
the compounds with degree ≥ 3 for visualization (Fig. 7). 
These potential compounds could provide new strategies 
for the subsequent treatment of pancreatitis. Of course, the 
efficacy of these compounds needs to be verified in further 
experiments.

Validation of the Expression Levels of Hub Genes 
in Pancreatitis Patients using qPCR

We further validated the expression levels of 4 hub genes 
(CCND1, BCL2, PIK3R1, and BCL2L) using qRT-PCR. 
These genes were significantly down-regulated in the 
blood of the pancreatitis group. The validation results were 

consistent with the previous analysis of gene expression in 
the database (Fig. 8).

Discussion

ERS and its induced UPR can modulate many physiologic 
processes such as gene expression, protein secretion, cell 
growth, differentiation, and metabolism, which are key 
mechanisms determining cell fate [35]. ERS is linked to the 
pathogenesis of inflammatory diseases in various tissues 
or organ systems, including hepatitis B virus, inflamma-
tory bowel disease, and pancreatitis [36–38]. However, the 
mechanism and function of ERS in inflammatory diseases, 
especially in pancreatitis, are still elusive. Therefore, this 
study collected data from pancreatitis patients through the 
GEO database and used bioinformatics analysis to identify 4 
hub genes closely related to pancreatitis in ERSRGs, namely 
CCND1, BCL2, PIK3R1, and BCL2L1. Moreover, the ROC 
curve proved that the diagnostic performance of these four 
hub genes was good. At the same time, immune infiltration 
analysis showed that the level of immune cell infiltration in 

Fig. 5   The role of hub genes in the immune microenvironment of 
pancreatitis patients. A Infiltration analysis of immune cells in nor-
mal samples and pancreatitis patient samples in the training set 
GSE194331. B Enrichment analysis of immune function in normal 

samples and pancreatitis patients in the training set GSE194331. 
*P < 0.05; **P < 0.01; ***P < 0.001. C Correlation analysis of 
hub genes with immune cells and immune functions in pancreatitis 
patients

https://www.networkanalyst.ca/
https://www.networkanalyst.ca/
https://www.networkanalyst.ca/
https://www.networkanalyst.ca/
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patients with pancreatitis was significantly different from 
that in the normal group, and the hub gene was significantly 
correlated with most immune functions. In addition, the con-
struction of ceRNA networks and the analysis of compounds 
also provide new directions for investigating the mechanism 
of hub genes in pancreatitis and potential drugs.

CCND1 is a key protein for integrating extracellular 
mitotic signaling [39]. Wang et al. [40] also found through 
bioinformatics analysis that CCND1 is a potential miRNA 
target in pancreatitis. Furthermore, Biliran et al. [41] demon-
strated that overexpression of CCND1 can enhance NF-κB 
activity, dampen drug-induced apoptosis, and boost chem-
oresistance in PC cells. NF-κB is a key factor in inducing 
inflammation, suggesting that CCND1 also exerts a key 
regulatory influence in pancreatitis. Studies have shown that 
when ER stress is severe or prolonged, the UPR changes 
from a pro-survival signal to a pro-apoptotic signal, caus-
ing cell death [42]. The hub gene was obtained in this study. 

BCL2 and BCL2L1 (also known as BCL-X) are important 
members of the BCL2 family, located in mitochondria to 
exert anti-apoptosis effects, reinforcing cell survival [43]. 
Wang et al. [44] identified key biomarkers related to immu-
nogenic cell death (ICD) in patients with severe AP (SAP) 
through WGCNA and machine learning, and found that 
BCL2 is also a hub gene and is under-expressed in SAP. 
The Wang’s study also showed that BCL2 is closely related 
to the infiltration of SAP-specific immune cells and activa-
tion of immune pathways, which is similar to our results. Xu 
et al. [45] induced AP in vitro and in vivo and found that the 
expression of Bax increased, while the expression of BCL2 
decreased. This is consistent with our predicted functions 
of BCL2 and BCL2L1. Feng et al. [46] reported that BCL2 
and BCL2L1 can be induced by IL-22, which then binds 
to Beclin-1 to repress autophagosome formation, thereby 
improving pancreatitis. As a key regulatory subunit of PI3K, 
PIK3R1 hinders the catalytic activity of the P110α kinase 

Fig. 6   ceRNA network targeting hub genes. Dark green square: hub genes. Green circle: miRNA. Light green circle: lncRNA
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affecting PI3K signaling [47]. The PI3K signaling pathway 
is essential in inflammatory diseases, and the development 
of PI3K inhibitors may be an effective approach for treating 
inflammation [48]. Therefore, we speculate that the 4 hub 
genes identified in this study may play major roles in pan-
creatitis progression.

The immune microenvironment is crucial in differ-
ent stages of pancreatitis, proffering potential therapeutic 
targets for AP and CP diseases [49, 50]. In this study, we 
analyzed the immune microenvironment in pancreatitis and 
explored the function of hub genes in it. The upregulation 
of macrophages and neutrophils is a great manifestation of 
the occurrence and progression of pancreatitis [51]. Mac-
rophages mainly differentiate into pro-inflammatory M1 
phenotype in AP, causing local pancreatic inflammation, 
while in CP, they typically exhibit an M2 phenotype, inter-
acting with pancreatic stellate cells to accelerate pancreatic 
fibrosis formation, further damaging the pancreas [52]. 
Neutrophils can result in premature activation of trypsin, 
reinforcing the release of inflammatory factors and exac-
erbating AP [53]. The repression of the activation of mac-
rophages and neutrophils can aid in alleviating pancreatic 
inflammation [54, 55]. Therefore, the negative correlation 
of the 4 hub genes with macrophages and neutrophils sug-
gested that these genes may be potential therapeutic targets 

for pancreatitis. B lymphocytes and T lymphocytes are the 
main immune defense of the human body against diseases, 
especially cancer [56]. Pietruczuk et al. [57] detected a sub-
stantial decrease in peripheral blood B lymphocytes and 
T lymphocytes in AP patients, possibly due to excessive 
apoptosis and migration to inflammatory sites. This is in 
line with our findings of low infiltration of B cells, CD8+ 
T cells, and Tfh in patients with pancreatitis. Furthermore, 
correlation analysis of immune cells manifested that hub 
genes were positively correlated with B lymphocytes and 
T lymphocytes, indicating that hub genes may potentiate 
the activity of these immune cells to alleviate pancreatic 
inflammation. Taken together, we believe that the identified 
4 hub genes play a positive regulatory role in the progression 
of pancreatitis, potentially serving as therapeutic targets for 
pancreatitis patients.

Next, this study predicted miRNAs and lncRNAs tar-
geting hub genes and dissected their complex interactions 
with hub genes through the construction of the ceRNA 
network. Xu et al. [58] found through in vitro experiments 
that silting hsa-circ-0032449 could inhibit pancreatic dif-
ferentiation of human embryonic stem cells by regulating 
the hsa-miR-195-5p/CCND1/PI3K/AKT signaling path-
way. Meanwhile, Wang et al. [40] identified key miRNAs in 
pancreatitis through bioinformatics analysis and found that 

Fig. 7   Compound network interacting with hub genes. Red circle: hub gene. Blue square: predicted potential compound
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hsa-miR-15a may participate in the pathogenesis of pan-
creatitis by targeting CCND1. In the ceRNA network in this 
study, it was also found that hsa-miR-195-5p and hsa-miR-
15a-5p may participate in the occurrence and development 
of pancreatitis through the regulation of ERS-related hub 
genes. Therefore, our results can provide ideas for future 

research on the specific pathogenesis of pancreatitis. Moreo-
ver, we predicted 154 potential compounds most likely to 
target hub genes through the NetworkAnalyst website. How-
ever, further extensive research is warranted to illuminate the 
relationship and potential effects of their targeting actions.

Fig. 8   Validation of the expres-
sion levels of hub genes in pan-
creatitis patients using qPCR. 
*P < 0.05
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Conclusion

In conclusion, this study identified four hub genes related 
to ERS and concluded that these hub genes have good 
diagnostic performance for pancreatitis. In addition, hub 
genes BCL2 and PIK3R1 were significantly correlated 
with PRGs and immune-related functions. Finally, the 
ceRNA network demonstrated a potential mechanism of 
the hub gene in pancreatitis. The prediction of potential 
protein compounds provides potential drug applications 
for the clinical treatment of pancreatitis. These findings 
are of utmost help in gaining a deeper interpretation of 
the role of ERS in the development of pancreatitis. At the 
same time, they are expected to offer effective guidance 
for innovating novel biomarkers for pancreatitis. How-
ever, certain limitations persist in this study. Firstly, the 
data collected from pancreatitis patients and ERSRGs is 
limited, which restricts the screening range of hub genes, 
awaiting an expanded scope of data in future to further 
validate the reliability and universality of these genes. 
Secondly, the sample types in the dataset selected in this 
study are inconsistent, which may have a certain impact 
on the result analysis. Therefore, it is necessary to expand 
the amount of data collected and unify the types of sam-
ples to further verify the reliability and universality of 
these genes. Thirdly, this study mainly employed the bio-
informatics method for analysis and prediction, failing to 
conduct a large number of wet experiments to verify the 
accuracy and credibility of these results. In future, we will 
continue to dig out the pathways of these hub genes to 
reveal their potential mechanisms in pancreatitis. Fourth, 
future studies may need to take different pathologic fac-
tors into consideration. For example, the effects of ERS 
in pancreatitis may vary with different severity. Fifth, hub 
genes BCL2 and PIK3R1 show excellent diagnostic and 
immunologic relevance.
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