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and an EMT-promoting factor in
PDAC
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Pancreatic ductal adenocarcinoma (PDAC), the most prevalent form of pancreatic malignancy, is
characterized by its aggressive nature and high mortality rate, with a 5-year survival rate in China

of only 9.9%. Polymorphic adenoma gene-like 2 (PLAGL2) has been implicated in the development
of various digestive tract tumors, including hepatocellular carcinoma, gastric carcinoma, and
colorectal carcinoma, and it influences tumor progression through multiple pathways. However,

the specific role and mechanism of PLAGL2 in PDAC requires further investigation. The objective

of this study was to evaluate the expression level of PLAGL2 in PDAC and its association with

clinical parameters, thereby assessing its prognostic significance for PDAC, and its impact on the
malignant process. We first analyzed the expression of PLAGL2 in pancreatic ductal adenocarcinoma
(PDAC) via multiple databases, including TCGA and GTEX, to investigate its associated enrichment
pathways. We subsequently examined the expression of PLAGL2 via immunohistochemistry and
PCR in PDAC tumor tissue samples from our hospital, explored the relationships between PLAGL2
expression and clinical features, and evaluated the predictive value of PLAGL2 for the survival of
PDAC patients. we investigated the effect of PLAGL2 on the epithelial-mesenchymal transition
(EMT) process by examining its association with the expression of EMT-related proteins. Finally,

We confirmed that PLAGL2 facilitates the proliferation, invasion, and migration of PDAC using
conventional cellular assays. The immunohistochemistry and PCR results, combined with the

results of GEPIA analysis, indicated that PLAGL2 was significantly overexpressed in patients with
pancreatic ductal adenocarcinoma (PDAC). GO analysis revealed that PLAGL2 was intricately linked
to protein modification and regulation, as well as nerve projection development. The KEGG and GSEA
enrichment analyses indicated that several signaling pathways, including the PI3K-AKT pathway,
were significantly enriched, particularly in relation to EMT. The characterization of PLAGL2 expression
and its clinicopathological features indicated that high PLAGL2 expression was associated with poor
prognosis in PDAC patients and was positively correlated with TNM stge, TNM: T,TNM: N, Tumor
size, Nerve infiltration and other clinical characteristics of the tumor. Inmunohistochemical analysis
suggested that PLAGL2 plays a role in enhancing the epithelial-to-mesenchymal transition (EMT)
process in PDAC. By knocking down or overexpressing PLAGL2 in PDAC cell lines and conducting a
series of cellular experiments, we ultimately demonstrated that low expression of PLAGL2 inhibits
proliferation, migration, and invasion in PDAC, while high expression of PLAGL2 promotes these
processes. This study demonstrated that the expression level of PLAGL2 serves as a predictive
biomarker for survival in patients with pancreatic ductal adenocarcinoma (PDAC). It is associated
with clinical features, including TNM stge, Tumor size, Nerve infiltration, and it also plays a role

in promoting epithelial-mesenchymal transition (EMT) in PDAC, and promotes the proliferation,
migration and invasion of PDAC.
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Pancreatic ductal adenocarcinoma (PDAC) is the most prevalent form of pancreatic malignancy and is
characterized by its high lethality and invasiveness'. This disease is characterized by its aggressive nature, rapid
progression, and early metastasis, leading to a poor prognosis. In clinical practice, the treatment of PDAC is
challenging because of the low rate of radical surgery and the subsequent high incidence of recurrence after
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surgery*>>. The 5-year survival rate in China is only 9.9%*. At diagnosis, most patients are found to have locally
advanced or distant metastases, with only a small fraction (15-20%) eligible for complete surgical resection of
their pancreatic tumors*°.Despite surgical intervention, nearly three-quarters of patients experience recurrence
within two years®-. The primary factors contributing to this outcome are aggressive behavior and late diagnosis of
PDAC. Currently, there are no reliable biomarkers for predicting or effectively treating PDAC. Thus, elucidating
the biological mechanisms underlying the progression of PDAC could lead to improved treatment strategies and
improved survival outcomes.

Cancer is a complex process involving multiple transcription factors (TFs), which can be dysregulated to
initiate or accelerate various procancer events, such as proliferation, invasion, and metastasis, in a variety of
cancers, including hepatocellular carcinoma (HCC)*'?, colorectal cancer (CRC)!!"'2 and gastric cancer (GC)'3,.
PLAGL2, a zinc-finger PLAG TE, is overexpressed in gastrointestinal malignancies. In CRC, PLAGL2 binds
to the Wnt6 promoter and activates the Wnt/B-catenin pathway, regulating ZEB1-mediated EMT to promote
metastasis'#1°.In HCC, PLAGL2 enhances cell survival through the regulation of mitochondrial apoptosis and
the C-MET/STAT3 signaling axis'®.Additionally, PLAGL2 has been shown to promote HCC cell proliferation,
migration, and invasion via the EGFR-AKT pathway'”. In gastric cancer (GC), PLAGL2 regulates USP37-
mediated Snaill deubiquitination to promote cell proliferation and migration!.

To date, the role of PLAGL2 in pancreatic cancer and its mechanism has not been explored in the literature. Our
previous genomics showed that PLAGL2 is differentially expressed among PDAC. Furthermore, literature review
and database analysis support its potential role in cancer progression. In this study, we identified PLAGL2 as an
oncogene that facilitates the progression of pancreatic ductal adenocarcinoma (PDAC). PLAGL2 overexpression
in PDAC tumor tissues is correlated with poorer survival outcomes in PDAC patients. Upregulation of PLAGL2
promotes PDAC progression by triggering epithelial-mesenchymal transition (EMT) in PDAC.

Materials and methods

Database analysis

GEPIA was used to investigate the differential expression levels of PLAGL2 across multiple organs, including its
expression in normal pancreas and pancreatic ductal adenocarcinoma (PDAC), as well as to assess its correlation
with clinical stage. Genes related to PLAGL2 were retrieved from the STRING database (https://cn.string-db.org
/). A GO enrichment analysis was conducted on PLAGL2 and its related genes, revealing the cellular localization
of PLAGL2 and the enriched pathways. The screening of PLAGL2 differential genes in the TCGA and GTEx
databases, along with KEGG pathway enrichment analysis and GSEA enrichment analysis, indicated potential
related signaling pathways!®-2!.

Patient selection and sample collection

Patient selection and sample collection involved tumor and matched nonneoplastic tissues (surgical samples
were immediately flash-frozen in liquid nitrogen and stored at -80 °C for analysis) from patients with a
postoperative pathological diagnosis of PDAC at the First Affiliated Hospital of Henan University of Science
and Technology between October 2022 and April 2023. Additionally, 73 paraffin-embedded tissue sections
(dehydrated paraffin-preserved PDAC tissues sectioned for pathological review) were obtained from 73 patients
diagnosed with PDAC between January 2018 and April 2023 from the Department of Pathology at the First
Affiliated Hospital of Henan University of Science and Technology. Patients receiving palliative care or those lost
to follow-up were excluded. Tumors were staged according to the ninth edition of the TNM classification. The
study was approved by the ethics committee (ethical number: NA2024-0537). We confirm that all methods and
experiments were conducted in accordance with the relevant guidelines and regulations. Detailed demographic
information, clinical data, and the pathology reports are presented in Table 1.

Follow-up

Overall survival is a prognostic measure defined as the time elapsed from the date of surgery to the date of death
or the last follow-up examination. Progression-free survival is defined as the time from the date of surgery to the
date of death or the date of diagnosis of tumor recurrence.

Immunohistochemical (IHC) staining

Immunohistochemical staining was performed as follows: tissues were fixed in 4% paraformaldehyde, embedded
in paraffin, sectioned, deparaffinized in xylene, and rehydrated through a graded ethanol series. Antigen retrieval
was achieved using sodium citrate/TE buffer. The sections were blocked with 10% sheep serum in phosphate-
buffered saline (PBS) to prevent nonspecific binding. The sections were incubated with primary antibodies
overnight at 4 °C. After washing, the sections were incubated with secondary antibodies and visualized via
diaminobenzidine (DAB). Hematoxylin counterstaining, dehydration, and mounting were then performed.
Images were captured via a microscope. Protein expression was quantified via Image] software.

Immunohistochemical (IHC) scoring

Scores were calculated based on the sum of the percentage of positive tumor cell staining: 0-5% scored 0, 6-35%
scored 1, 36-70% scored 2, and greater than 70% scored 3. Staining intensity: no staining scored 0, weak staining
scored 1, moderate staining scored 2, and strong staining scored 3. The final score was determined by multiplying
the positivity of cell staining by the staining intensity, and was categorized into low or high expression groups

as follows: “-” 0-1, “+” 2-3, “++” 4-6, and “++++” >6. Low expression was defined as a total score <4, and high
expression was defined as a total score>4.
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PLAGL2
expression
Clinicopathological features | High | Low | P value
Age 0.566
<60 16 14
>60 20 23
Gender* 0.044
Male 12 21
Female 24 16
TNM stage* 0.023
I+1I 18 28
I+1v 18 9
TNM: T* 0.002
T1+T2 12 26
T3+T4 24 11
TNM: N* 0.003
NO 14 27
N1 22 10
TNM: M
MO 36 37
M1 0 0
Tumor size (cm)* 0.023
<2 5 9
>2 31 28
Nerve infiltration* 0.019
No 20 30
Yes 16 7
Total bilirubin increased 0.279
Low<17.1 umol/L 23 19
High > 17.1 umol/L 13 18
Elevated aminotransferase 0.542
Low<40 U/L 22 20
High>40 U/L 14 |17
Differentiation degree
Well 7 9
Moderate 17 16
Poor 11 6
CA199 0.401
Low<200 22 19
High > 40 U/L 14 18

Table 1. The expression of PLAGL2 was correlated with clinicopathological features in PDAC patients.
*P<0.05. Gender, TNM stage, TNM: T, TNM: N, Tumor size (cm), Nerve infiltration.

Cell culture

Human pancreatic cancer cell lines PANC-1 (CL-0184-Wuhan Pricella Biotechnology Co.,Ltd), MIA PaCa-2
(CL-0627-Wuhan Pricella Biotechnology Co.,Ltd), BxPC-3 (CL-0042-Wuhan Pricella Biotechnology Co.,Ltd)
and pancreatic ductal cell line HTERT HPNE (KC4033-Guangzhou Kinlogix Biotech Co.,Ltd) were used. Cells
were grown at 37 °C in a 5% CO2 humidified environment and cultured in DMEM supplemented with 10% fetal
bovine serum, 2.5% horse serum, and 1% penicillin-streptomycin.

Western blot analysis

total protein was extracted from pancreatic ductal adenocarcinoma (PDAC) cell lines. The protein concentration
was determined via a BCA protein assay kit (Merck). Samples of 40 ug of lysate were electrophoresed in a 10%
polyacrylamide gel and then transferred to a polyvinylidene difluoride (PVDF) membrane. The protein was
detected via a rabbit anti-plagl2 polyclonal antibody via Western blot analysis. A mouse monoclonal B-actin
antibody was used in conjunction with a goat anti-mouse IgG antibody for the detection of B-actin. Finally, the
immunoblotting signals were analyzed via an image station (4000R PRO scanner).
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Transient transfection

Small interfering RNA (siRNA), siPLAGL2 and pcDNA-PLAGL2 plasmid were synthesized by Zhengzhou
Baiogi Biotechnology Co. The oligonucleotide sequence of the synthesized oligonucleotide siPLAGL2 was
forward 5’-AAAGCAGGAGGAGGAAGTGG-3’ and reverse 5-TTCTGGGGCTGAGTGGGGTGG-3’ One day
prior to transfection, Cells were cultured at 30-50% confluency into 6-well plates. Cells were transfected using
Lipofectamine 8000 (Invitrogen, Carlsbad, CA) as directed.

RNA extraction and qRT-PCR analysis

Total RNA was extracted from pancreatic ductal cells and various PDAC cell lines via an RNA extraction and
reverse transcription kit. Subsequently, quantitative real-time PCR (qQRT-PCR) was conducted on a real-time
PCR system. The expression data were normalized to that of GAPDH. The fold change in PLAGL2 expression
between PDAC and normal tissue pairs was analyzed by calculating the 2-AACt values. An identical approach
was adopted to compare PDAC cells with HPNE cells. Each sample was subjected to three replicate runs.

CCK-8 assay

Cells were inoculated into 96-well culture plates at a density of 3*103 cells/well. Cell Counting Kit-8 (CCK-8)
solution (10 pL, Analysis Quiz, China) was added to the culture medium. Cell proliferation was assessed by
measuring the absorbance at 450 nm using an enzyme marker at the indicated time points (0, 24 and 48 h).

Wound healing assay

Twenty-four hours after infection or transfection, cells in the confluent state were treated with 1 ug/mL mitomycin
C (Sigma, USA) in serum-free medium for 1 h. Subsequently, cells were scraped in a straight line along the
center of the well with a 200 pL pipette tip, then rinsed with PBS and incubated in serum-free medium for 24 h.
The wound gap was measured under a microscope at the beginning (0 h) and end (24 h) of the experiment.

Transwell assay

The upper surface of the Transwell chamber (Corning, USA) was pre-coated with Matrigel gel. A total volume of
200 pL of serum-free RPMI 1640 medium containing 1 x * 105 cells (3 x 104 cells/well) was added to the upper
chamber. The lower chamber was filled with DMEM containing 10% FBS as an inducer. After 24 h of incubation
at 37 °C and 5% CO2, cells invading the lower chamber were fixed with 4% paraformaldehyde for 20 min and
stained with 0.5% crystal violet for 5 min. Finally, the number of cells was recorded under a microscope.

Statistical analysis

Each experiment was conducted in triplicate. The data were analyzed via SPSS (version 26.0) software.
Appropriate statistical tests, including t tests, one-way ANOVA, chi-square tests, and Cox regression analysis for
clinical data to identify prognostic associations, were employed.

Results

Analysis of publicly available data indicates that PLAGL2 affects the progression of PDAC

In the GEPIA dataset (Includes TCGA and GTEx databases), PLAGL2 expression was elevated in several cancer
types (Fig. 1A), whereas PLAGL2 was overexpressed in PDAC compared with normal pancreatic tissues (Fig. 1B)
and was positively correlated with the grading stage of PDAC (Fig. 1C). GO analysis (Metascape) of the gene
data associated with PLAGL?2 in the String database (Fig. 1D ) indicated that PLAGL2 is primarily localized in
the perinuclear region of the cytoplasm and plays a crucial role in various critical biological processes, including
the modification and regulation of proteins and the development of nerve projections (Fig. 1E), KEGG and
GSEA enrichment analyses further investigated the relevant signaling pathways, indicating that the differential
expression of PLALG? is closely associated with several pathways(Fig. 1F), including PI3K-Akt(Fig. 1G), MAPK,
TNE and TGFp(Fig. 1H), and that some of these pathways are linked to the EMT process. This information
indicates that PLAGL2 may be differentially expressed in PDAC and may influence tumor progression.

IHC and WB revealed that PLAGL?2 protein expression was higher in PDAC tissues than in
paraneoplastic tissues

Immunohistochemistry was conducted on paraffin-embedded, archival samples of pancreatic ductal
adenocarcinoma (PDAC) tumors and their corresponding pancreatic paracarcinoma tissues from our hospital.
PLAGL2 was predominantly detected in the nuclei of cells, with some expression also observed in the cytoplasm
(Fig. 2A). PLAGL2 expression is higher in PDAC tumors than in their corresponding pancreatic tissues (Fig. 2A).
Notably, the protein levels of PLAGL2 were found to be greater in PDAC tissues than in paracarcinoma tissues
(Fig. 2B).

PCR and WB to detect PLAGL2 expression in normal pancreatic cell lines and PDAC cell lines
To verify that PLAGL2 was significantly upregulated in PDAC, the mRNA expression of PLAGL2 in pancreatic
ductal cells and two pancreatic cancer cell lines was assessed via quantitative RT-PCR (qRT-PCR). The analysis
revealed that PLAGL2 was elevated in tumor cells compared with pancreatic ductal cells (Fig. 2C). Western
blotting further demonstrated that the protein expression of PLAGL2 in pancreatic cancer cell lines was also
greater than that in pancreatic ductal cells (Fig. 2D).
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Fig. 1. Database analysis of PLAGL2 expression and role in PDAC. (A) GEPIA was used to analyze the
differential expression of PLAGL2 in various tumors and corresponding normal tissues in the TCGA and
GTEx database; (B) PDAC differential expression with normal pancreatic tissues; (C) PLAGL2 expression in
PDAC with different stages;. (D) PLAGL2 related genes in the String database; (E) GO enrichment analysis
of PLAGL2-related genes; (F) KEGG pathway enrichment analysis of PLAGL2-related genes; G and H: GSEA
pathway enrichment analysis of PLAGL2-related genes;
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Fig. 2. PLAGL2 expression was higher in PDAC than pancreatic tissues. (A) PLAGL2 expression in PDAC was
higher than the corresponding paracancerous tissues expression as shown by arrows, which was mainly located
in the nucleus for expression; (B) Western blot (WB) analysis of six pairs of PDAC and their corresponding
paracancerous tissue; (C) mRNA levels of PLAGL2 were analyzed by qPCR in PDAC cell lines (PANC-1,
MIA-2, BxPC-3) and normal pancreatic cells (HPNE). (D) Western blot (WB) analysis of the protein levels

of PLAGL2 in PDAC cell lines (PANC-1, MIA-2) and normal pancreatic cells (HPNE) in the protein level of
PLAGL2.

PANC-1 MIA-2 HPNE

Cell

Relationships between PLAGL2 expression and the clinicopathologic features of PDAC
patients

High expression of PLAGL2 was significantly correlated with Gender, TNM stge, TNM: T,TNM: N, Tumor size,
Nerve infiltration.Conversely, there was no significant association between PLAGL2 expression and patient age,
Total bilirubin increased, Elevated aminotransferase, CA199 (Table 1).

PLAGL?2 overexpression is associated with poor prognosis in patients with PDAC

To investigate the impact of PLAGL2 overexpression on progression-free survival and overall survival (OS)
in patients with pancreatic ductal adenocarcinoma (PDAC), we conducted a univariate survival analysis. As
indicated in the table, TNM stge, lymphatic metastasis, and PLAGL2 expression were significantly associated
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Univariate Cox regression Multivariate Cox regression
analysis analysis

Characteristics Pvalue | OR (95% CL) Pvalue | OR (95% CL)

Age 0.997 1.008 (0.588-1.727) | - -

Gender 0.691 1.115 (0.653-1.902) | - -

TNM stage 0.002 2.433 (1.391-4.257) | 0.063 1.811 (0.969-3.387)

Tumor size 0.679 1.157 (0.581-2.304) | - -

Lymphatic metastasis 0.095 1.565 (0.927-2.642) | 0.632 0.863 (0.472-1.577)

Nerve infiltration 0.662 0.879 (0.493-1.568) | - -

Total bilirubin increased | 0.626 0.875(0.512-1.495) | - -

Elevated aminotransferase | 0.367 1.272 (0.754-2.148) | - -

CA199 0.971 1.010 (0.593-1.719) | - -

PLAGL2 expression* 0.001 2.583 (1.510-4.417) | 0.013 2.220 (1.180-4.179)

Table 2. Univariate Cox regression analysis and multivariate Cox regression analysis of prognostic factors of
survival in PDAC patients. *P<0.05. PLAGL2 expression.
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Fig. 3. PLAGL2 overexpression is associated with poor prognosis in PDAC patients. (A) Representative
images of high and low PLAGL2 expression levels in immunohistochemistry of some PDACs are listed. (B)
KM plots of overall survival as well as progression-free survival according to PLAGL2 expression, with the
high expression group suggestive of a poor prognosis.

with poor prognosis in patients with PDAC. The findings of the multivariate Cox regression analysis indicated
that PLAGL2 expression is independent prognostic factors influencing OS in PDAC patients (Table 2).

We present representative images of high and low PLAGL2 expression levels in IHC (Fig. 3A). Kaplan-Meier
survival curves were generated to elucidate the effects of PLAGL2 expression on progression-free survival and
overall survival in PDAC patients. As illustrated in KM, progression-free survival and overall survival were
significantly shorter in patients with high PLAGL2 expression than in those with low PLAGL2 expression
(Fig. 3B).

IHC and WB revealed a positive correlation between PLAGL2 expression and the levels of
EMT-associated factors

A correlation analysis via GEPIA indicated that PLAGL2 expression was positively associated with p-catenin,
N-calmodulin and adhesin but negatively associated with E-calmodulin (Fig. 4B). IHC was employed to assess
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Fig. 4. THC and WB shows that PLAGL2 is positively correlated with the expression of EMT-associated
factors. (A) IHC indicates -catenin, N-calmodulin, adhesin, and E-calmodulin expression under high and
low PLAGL2 expression subgroups. (B) GEPIA indicates that PLAGL2 expression is associated with p-catenin,
N-calmodulin, adhesin, and E-calmodulin expression. (C) WB shows reduced expression of f-catenin,
N-calmodulin, adhesin, and E-calmodulin in PANC-1 cells that down- or up-regulated PLAGL2.

B [E]

the expression of EMT-related proteins, including p-catenin, N-calmodulin, Adhesin, and E-calmodulin, in
patients with PDAC(Fig. 4A), which was in agreement with the GEPIA results. Furthermore, WB was used to
compare the expression of associated factors in PANC-1 cells that down- or up-regulated PLAGL2 (Fig. 4C).
Taken together, these findings suggest that PLAGL2 can act as a EMT-promoting factor.

PLAGL?2 promotes proliferation, invasion and migration of PDAC cells

To further investigate the role of PLAGL2 in pancreatic ductal adenocarcinoma (PDAC), the PANC-1 and MIA
PaCa-2 cell lines were transfected with specific PLAGL2 shRNA. Western blot analysis confirmed successful
knockdown of PLAGL2 protein expression(Fig. 5A). Cell viability assessed by the CCK-8 assay demonstrated
that PLAGL2 downregulation significantly inhibited cellular proliferation in both cell lines (Fig. 5B). Subsequent
Wound healing and Transwell assays revealed that PLAGL?2 silencing markedly suppressed migration (Fig. 5C)
and invasion (Fig. 5D) capacities of PDAC cells.

To further validate the above findings, PLAGL2 was overexpressed in the BxPC-3 cell lineand its overexpression
efficiency was verified by WB (Fig. 6A). Cell viability assessed by the CCK-8 assay demonstrated that PLAGL2
overexpression significantly promoted cell proliferation in cell lines (Fig. 6B). Subsequent Transwell experiments
showed that PLAGL2 overexpression significantly promoted the migration (Fig. 6C) and invasion (Fig. 6D)
abilities of PDAC cells.These findings collectively indicate that PLAGL2 promotes proliferation, migration, and
invasion in PDAC pathogenesis.

Discussion

The high lethality of pancreatic ductal adenocarcinoma (PDAC) is a significant concern in clinical practice,
primarily due to the difficulty in early detection, which often leads to its poor prognosis. Currently, there are no
reliable biomarkers for predicting the late-stage prognosis in patients with PDAC. Researchers have explored
various approaches in this direction, including the use of clinically relevant data such as hemoglobin and
erythrocyte distribution width??, glutamyltransferase (GGT), lactate dehydrogenase (LDH)*, and different
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Fig. 5. Low expression of PLAGL2 inhibited PDAC cell proliferation, invasion and migration. (A) WB
validation of PLAGL2 knockdown effect in cells (B) Cell viability was determined using the CCK-8 assay
(0/24/48/72/96 h time points). (C) Cell migration was evaluated by wound healing assay (scale bar: 200 pm;
24 h culture). (D) Cell invasion was detected by Transwell assay. *P <0.05.

genes, such as IncRNAs?!, miRNAs?, IgG?*, EGFR, HER2%, and the expression of various marker proteins,
to predict PDAC prognosis. However, no specific markers have been recognized as accurate guides for clinical
treatment, highlighting the importance of identifying potential prognostic markers for PDAC.

PLAGL2 has been shown to exhibit oncogenic and oncostatic activities in various tissues, and its role in
digestive tract tumors, such as colon cancer!"!?, hepatocellular carcinoma®!?, and gastric cancer'?, has been
of particular interest. We are also interested in the role of PLAGL2 in digestive system tumors, including colon
cancer, hepatocellular carcinoma, and gastric cancer, where the procarcinogenic effect of PLAGL2 has been
confirmed. Additionally, high PLAGL2 expression is associated with gliomas®®, prostate cancer?, and colorectal
cancer®. However, no study has reported the exact role of PLAGL2 expression in PDAC, and we aimed to
determine whether PLAGL2 is abnormally expressed in PDAC and whether it can predict the prognosis in
patients with PDAC.

In this study, Analysis of publicly available data revealed a difference in PLAGL2 expression between PDAC
and normal pancreatic tissues. we compared multiple groups of PDAC and paracancerous samples via IHC and
WB, which revealed that PLAGL2 was significantly overexpressed in PDAC patients compared with normal
pancreas and paracancerous tissues, which is consistent with previously reported changes in PLAGL2 expression
in certain tumors.

To further validate the conclusion, Additionally, we detected the expression level of PLAGL2 mRNA and
protein in pancreatic cell lines and pancreatic cancer cell lines via QRT-PCR and WB, which revealed that the
expression of PLAGL2 mRNA and protein was significantly elevated in PDAC cell lines. Overall, these data
strongly support the notion that PLAGL?2 is overexpressed in PDAC, which is consistent with its procarcinogenic
effects observed in gastrointestinal tumors. These results suggest that PLAGL2 expression is increased in PDAC
and may play a role in promoting tumor progression.

To further explore the impact, we combined the clinical data of selected pathological samples for further
statistical analysis. We found that high PLAGL?2 expression was significantly correlated with Gender, TNM stge,
TNM: T,TNM: N, Tumor size, Nerve infiltration. These findings suggest that PLAGL2 may be associated with

Scientific Reports |

(2025) 15:25425 | https://doi.org/10.1038/s41598-025-09591-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A
52KDa—
40KDa—
C
Oh
24h
48h
D
Invasion
Transwell

BxPC-3
BX-3 2.5+
-o- NC
o 2.0 = oe#l
NC OE-1 OE2 £ 451 o
S| [ AGL2 3
8 1.0
e ssms s | ACTIN B3
0.0 T T T T T T
D od 1d 2d 3d 4d 5d
NC oe#1 oe#2
BXPC3
60+
P - NC
5 oo m oe#l
T 40 S )
2
E
2
E 20
[}
['4
o_
24h 48h
oe#2
BXPC3 BXPC3

Migration cells
Invasion cells

0
NC oe#1oe#2 NC oe#1oe#2

Fig. 6. High expression of PLAGL2 promotes PDAC cell proliferation, invasion and migration. (A) WB
validation of PLAGL2 knockdown effect in cellsWB validation of PLAGL2 overexpression in cells (B)
Cell viability was determined using the CCK-8 assay (0/24/48/72/96 h time points). (C) Cell migration
was evaluated by wound healing assay (scale bar: 200 pm; 24 h culture). (D) Cell invasion was detected by
Transwell assay. *P <0.05.

these clinical conditions, potentially influencing the common mechanisms of these clinical factors. Additionally,
we observed a significant correlation between PLAGL2 expression and patient survival, indicating that it is an
independent factor of poor prognosis in PDAC patients. These findings suggest that PLAGL2 may serve as a
biomarker for predicting prognosis in the clinic.

We hypothesize that it may influence PDAC through several biological processes, possibly by promoting
tumor metastasis in colon cancer through the epithelial-mesenchymal transition (EMT) process'*'>. The EMT
process is also known to contribute to PDAC metastasis, invasion, neural infiltration3?, drug resistance’?, and
immune escape®®. To investigate whether PLAGL2 affects the EMT process, We conducted KEGG and GSEA
pathway enrichment analyses using the GEPIA database and identified associations with several signaling
pathways, including PI3K-Akt, MAPK, TNF, and TGFp, most of which are involved in the EMT process, and
analyzed its correlation via GEPIA and found that PLAGL2 expression was consistent with the expression of
EMT-related proteins, positively correlated with N-calmodulin and adhesin, and negatively correlated with the
expression of E-calmodulin. Histochemical results further verified this correlation.

There are several limitations to this study. First, the sample size was small, and the samples were collected
from a single location, suggesting the need for a randomized study with an expanded sample of PDAC patients
to strengthen the conclusions and avoid confounding bias. Furthermore, owing to the limited experimental
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conditions, we were unable to conduct animal experiments to explore the mechanism of PLAGL2, and its
mechanism of inducing PDAC progression needs further verification.

To the best of our knowledge, this paper shows, for the first time, that PLAGL2 expression is upregulated in
human PDAC tissues compared with paracancerous tissues. Furthermore, increased PLAGL2 expression was
strongly associated with several adverse clinicopathologic features of PDAC. Our study also provides clinical
evidence that PLAGL2 is an independent prognostic factor for progression-free survival and overall survival in
patients with PDAC. Additionally, cellular experiments demonstrated that high expression of PLAGL2 promotes
cell proliferation, migration, and invasion in PDAC. In addition, these findings suggest the possible existence of
EMT-influenced pathways. In summary, PLAGL2 may function as a potential prognostic indicator for PDAC
and may facilitate the malignant progression of this disease.

Data availability

The attachment includes the clinical data referenced in this article, while the section pertaining to patient pri-
vacy has been omitted.Individuals seeking to obtain data from this study are encouraged to contact the corre-
sponding author, Hua Fan: fanhual9851229@126.com.
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