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Abstract

Background

It is urgent to explore the potential biomarkers for pancreatic cancer (PC) prognosis
and treatment to improve patients’ outcomes.

Methods

Firstly, we performed an integrated bioinformatics analysis based on extensive tran-
scriptome data from 615 PC tumors and 329 adjacent tissues, screening for genes
with prognostic value. We then validated the prognostic value of OCIAD2, DCBLD?2,
and SAMDJ in different datasets and analyzed their expression levels in single-cell
sequencing datasets of normal, paracancer, primary, and metastatic tissues. Next,
we further explored the carcinogenic effect after knocking down the expression of
OCIAD2 in PC cancer cell line. Finally, a drug sensitivity analysis was conducted.

Results

Differentially expressed genes (DEGs) analysis identified 22 DEGs: ACSL5,
ANTXR1, AP1S3, ATP2C2, B3GNT5, C150rf48, CAPG, CTSK, DAPP1, DCBLD?2,
GPX8, HEPH, IFI44, KRT23, NCF2, OCIAD2, SAMD9, SLC39A10, ST6GALNAC1,
TBC1D2, TMSB10 and TSPANS with prognostic value in PC, though the related
function and mechanism are still unclear. Single-cell sequencing results indicated that
OCIADZ2 was prominently expressed in ductal cells of primary and metastatic tumors.
The expression levels of OCIAD2 mRNA and protein were the highest in pancreatic
tumor tissues. Mechanism studies revealed that STAT1 and STATZ2 in the JAK-STAT
pathway and CCND1, CDK1, and CDK2 in the cell cycle pathway were significantly
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down-regulated after OCIAD2 knockdown. Drug sensitivity analysis identified 25
compounds significantly associated with OCIAD2.

Conclusions

These results indicate that OCIADZ is a potential prognostic biomarker and therapeu-
tic target for PC patients.

Author summary

Pancreatic cancer is the most malignant tumor, and there is no ideal targeted
drug at present, so the prognosis of patients is very poor. There is an urgent
need to find targets for evaluating prognosis and treatment. In this study, we
identified a number of poorly understood but potentially important prognostic
genes based on transcriptome data from a large number of pancreatic cancer
samples. Also based on transcriptome data from pancreatic cancer samples and
cell lines, we focused on the activation of JAK-STAT and cell cycle pathways
by OCIAD2 overexpression in pancreatic cancer patients. Meanwhile, we also
analyzed the sensitivity of patients with different OCIAD2 expression to 545
drugs and identified 25 important drugs. These results suggest that OCIAD2 is
a potential novel biomarker for prognosis and targeted therapy in patients with
pancreatic cancer, which deserves more attention and research.

Introduction

Pancreatic cancer (PC) is one of the most malignant tumors. Recent tumor epidemi-
ology shows its incidence ranks 10th and mortality ranks 6th [1]. Although PC does
not have the highest incidence, PC has the worst 5-year survival rate. Recent stud-
ies report that the highest 5-year survival rate was only 12% [1,2]. To improve the
PC prognosis, numerous clinical trials have been conducted, yet most have not met
expectations. Reports showed that the failure rate of phase lll clinical trials for PC
was the highest among common solid cancers [3].

Biomarkers for diagnosis, treatment, and research indicate that clinical drug trials
based on various mutations have not yielded satisfactory results [4—6]. Other novel
targeted therapies have also failed to improve overall survival (OS) [7-9]. PC’s ability
to escape immune surveillance early in the disease haprognostic evaluation is are
critical tool in PC precision medicine. Accurate biomarkers can better stratify patients
and guide treatment plans. CA19-9 is currently the only biomarker used for PDAC,
primarily for assessing recurrence and response to therapy [10]. Several currently
reported biomarkers stem from small heterogeneous tumor samples, without exten-
sive validation, posing a challenge to their reliability [11].

These reasons contribute to the difficulties in improving the 5-year survival for PC.
Moreover, the incidence of PC is predicted to increase shortly, potentially surpassing
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colorectal cancer and becoming the second leading cause of cancer-related death after lung cancer [12]. Despite prog-
ress in basic or translational research on PDAC biology, diagnosis, treatment, and prognosis in the past two decades,
research lags behind other cancer types [13]. We conducted an integrated study with analysis of a large amount of pub-
lished PDAC transcriptomic and clinical data while performing mechanistic experiments, aiming at identifying promising
novel prognostic and therapeutic biomarkers for PC patients.

Materials and methods
Analysis of differentially expressed genes (DEGs) in pancreatic tumors and adjacent tissues

We used the keywords “pancreatic cancer”, “pancreatic ductal adenocarcinoma”, “pancreatic ductal carcinoma”, or “Pan-
creatic adenocarcinoma (PAAD)” to search the Gene Expression Omnibus (GEO) database. We obtained the transcriptome
data of PC and adjacent tissues from 7 independent studies, such as GSE102238 [14], GSE183795 [15], GSE71729 [16],
GSE62452 [17], GSE28735 [18], GSE62165 [19], and GSE60979 [20] (Table Aiin S1 Text). For repeated probes or genes in
these microarray expression data, we keep only the median value and then use the biomaRt (version 2.56.1) package [21] to
filter protein-coding genes, keeping only those genes expressed in all tumor tissue samples for differential analysis. Differ-
entially expressed genes were identified using the limma (version 3.56.2) package [22]. Fold change of = 1.5 and adjusted
p-values of < 0.05 were used as a threshold for significant DEGs. After independent analysis of each group of data, the
up-regulated and down-regulated DEGs were intersected respectively. Finally, Gene Ontology (GO) and Kyoto encyclopedia
of genes and genomes (KEGG) enrichment analysis were performed using the clusterProfiler package (version 4.10.1) [23].

Screening DEGs with prognostic value

The upregulated DEGs with unclear function and mechanism were searched through the PubMed database for subsequent
analysis. First, we conducted a preliminary screening in the Kaplan-Meier Plotter database [24] to select genes with prog-
nostic value. Next, the Cancer Genome Atlas (TCGA) pancreatic adenocarcinoma (PAAD) fpkm transcriptome and clinico-
pathological data were downloaded via UCSC Xena [25] to analyze the relationship between DEGs with prognostic value,
prognosis, and other clinicopathological features. GSE79668 [26] dataset was used to investigate the relationship between
DEGs and the prognosis of PC patients. Multivariate Cox analysis and visualization of survival using survival (version 3.5-8)
(https://CRAN.R-project.org/package=survival) and survminer (version 0.4.9) Package (https://CRAN.R-project.org/pack-
age=survminer). The regplot (version 1.1) package (https://CRAN.R-project.org/package=regplot) was used to construct
the nomogram based on the prediction model. The area under the time-dependent ROC curve of the prediction model was
calculated using the timeROC package [27]. Decision curve analysis (DCA) by the ggDCA (version 1.2) package was used
to evaluate the clinical net benefit of the prediction models (https:/github.com/yikeshu0611/ggDCA).

The mRNA expression levels of DCBLD2, OCIAD2, and SAMD?9 in various tissues by single-cell sequencing

Single-cell sequencing datasets of normal tissues and PC were retrieved from the GEO database. Those are GSE155698
[28], GSE154778 [29], GSE197177 [30], GSE212966 [31], GSE229413 [32], and GSE156405 [33]. These datasets con-
tained single-cell sequencing data of normal pancreas, adjacent normal, primary, and metastatic tumor tissues. The data
was analyzed and visualized by R software (version 4.3.0, The R Foundation for Statistical Computing, Vienna, Austria)
using Seurat (version 5.0.3) [34], harmony (version 1.2.0) [35], Dittoseq (Version 1.14.2) [36], and Scientomize (Version
2.1.2) packages. The analysis process is in S2 Text.

The expression of DCBLD2, OCIAD2 and SAMD9 proteins in clinical specimens

The Human Protein Atlas (HPA) database [37] and Gene Expression Profiling Interactive Analysis (GEPIA) [38] were used
to investigate the protein and mRNA expression levels of DCBLD2, OCIAD2, and SAMDS9 in normal and tumor pancreatic
tissues, respectively.
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Cell culture

The BxPC-3 pancreatic cancer cell line was purchased from Suzhou Haixing Biosciens Co., Ltd. BxPC-3 cells were
cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS) (HyCyte, Cat# FBP-C520, China), 1%
streptomycin and penicillin in an incubator at 37°C with 5% CO,,.

siRNA transfection

The siRNA targeting OCIAD2 was designed and synthesized by Beijing Tsingke Biotech Co., Ltd. The siRNA sequence
was: Sense: GACUAGUCUACCAAGGUUA(AT)(dT), Anti-sense: UAACCUUGGUAGACUAGUC (dT)(dT). The negative
control sequence was: Sense: UUCUCCGAACGUGUCACGUTT, Anti-sense: ACGUGACACGUUCGGAGAATT. TSnano-
fect V2 (Tsingke, Cat# TSV405, China) transfection reagent was purchased from Beijing Tsingke Biotech Co., Ltd. BxPC-3
cells were cultured in 6 or 24-well plates and transfected according to the TSnanofect V2 transfection reagent and siRNA
instructions when the cells were in the logarithmic growth phase and used for subsequent experiments after 24 hours.

RNA sequencing and bioinformatics analysis

To explore the potential mechanism OCIAD2 promotes progress in PC, we conducted the transcriptome sequencing and
analysis. siRNA targeting knockdown of OC/ADZ2 and negative controls were transfected into BxPC-3 cells. After 48 hours,
cells from each group were collected, and TRIzol reagent was added to extract total RNA. Transcript sequencing was per-
formed by Tsingke Biotech (Beijing, China). RNA extraction and subsequent transcription sequencing library preparation
followed the instructions provided by the manufacturer. The main Library preparation Kit used was VAHTS Universal V6
RNA-seq Library Prep kit for MGl (Cat# NRM604—-01), and the sequencing platform was BGI DNBSEQ-T7 sequencer.
DEGs analysis was performed using the Limma (Version 3.56.2) package [22]. DEGs were defined as fold change
of 2 1.2 and adjusted p-values of <0.05. The clusterProfiler (version 4.10.1) package [23] was used for GO, KEGG, and
Gene Set Enrichment Analysis (GSEA). The inference of the pathways’ status in each sample was conducted via the
run_wmean and run_mlim functions of the decoupleR package (version 2.8.0) [39].

Drug sensitivity analysis of potential targets

Based on the gene expression matrix of 38 pancreatic Cancer cell lines and 545 drug sensitivity data from the Cancer Thera-
peutics Response Portal (CTRP) [40], the oncoPredict package [41] was used to evaluate the 545 drug IC50 values of TCGA
pancreatic cancer samples. The IC50 value is used as a measure of drug susceptibility, with a higher IC50 value indicating a
lower sensitivity to the drug. Then, Pearson correlation coefficients were calculated between IC50 and OCIADZ2 expression
for all drugs in the TCGA-PAAD cohort. A correlation coefficient of 20.6 and a p-value of <0.05 are considered to have a sig-
nificant correlation. Finally, the top 10 compounds with the strongest positive and negative correlations were visualized.

Statistical analysis

Statistical analysis and visualization were performed using R software (version 4.3.0, The R Foundation for Statistical
Computing, Vienna, Austria). All experimental data were represented by the mean+ SEM (Standard Error of the Mean).
The comparison between multiple groups using analysis of variance (ANOVA) and unpaired two-tailed Student’s t-test.
Non-normal distribution data using nonparametric statistical analysis. p<0.05 was considered statistically significant.

Result
The significant DEGs in the pancreatic tumor tissue

First, we performed differentially expressed genes analysis on the transcriptome data of pancreatic tumors and adjacent
normal tissues from 7 independent studies, including GSE102238 [14], GSE183795 [15], GSE71729 [16], GSE62452 [17],
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Fig 1. Bulk sequencing data from pancreatic tumors and adjacent normal tissue based on 7 independent studies revealed significant DEGs
that were prevalent in pancreatic cancer. (A) Distribution of DEGs in each dataset. (B) The intersection of significantly up-regulated DEGs in each
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data set, 173 genes were significantly up-regulated in all 7 datasets. (C) The intersection of DEGs was significantly down-regulated in each dataset, with
64 genes significantly down-regulated in all 7 datasets. (D-E) Enrichment results of significantly up-regulated DEGs in GO and KEGG analyses. (F-G)
Enrichment results of significantly down-regulated DEGs in GO and KEGG analysis.

https://doi.org/10.1371/journal.pcbi.1013566.9001

GSE28735 [18], GS E62165 [19] and GSE60979 [20] (Fig 1A). The results showed that the significantly up-regulated and
down-regulated genes in each dataset: 3053 and 1291 for GSE102238, 619 and 271 for GSE183795, 499 and 312 for
GSE71729, 689 and 302 for GSE62452, 754 and 448 for GSE28735, 2766 and 1919 for GSE62165, GSE60979 for 2263
and 1735 (Table B in S1 Text and S1 Data). Then, the intersection of DEGs was taken separately, and it was found that 173
genes were significantly up-regulated in all seven datasets (Fig 1B), and 64 genes were significantly down-regulated in all
seven datasets (Fig 1C). Finally, GO and KEGG enrichment analyses were performed for up-regulated and down-regulated
DEGs, respectively. The results showed that 173 up-regulated DEGs were mainly enriched in extracellular in biological pro-
cess (BP), cellular component (CC), and molecular function (MF), respectively, extracellular matrix organization, collagen-—
containing extracellular matrix and extracellular matrix structural constituent (Fig 1D). KEGG enrichment analysis showed
that up-regulated DEGs were mainly enriched in ECM-receptor interaction, cytoskeleton in muscle cells, protein digestion
and absorption, and focal adhesion (Fig 1E). The 64 down-regulated DEGs in BP, CC, and MF were mainly enriched by cel-
lular response to copper ion, collagen-containing extracellular matrix, and pyridoxal phosphate binding, respectively (Fig 1F).
KEGG enrichment analysis showed that 64 down-regulated DEGs were mainly enriched in glycine, serine, and threonine
metabolism, biosynthesis of amino acids, and cysteine and methionine metabolism (Fig 1G).

DCBLD2, OCIAD2, and SAMD? identified as novel biomarkers with independent prognostic value

We further investigated the 173 up-regulated DEGs by searching PubMed and Kaplan-Meier Plotter databases. DEGs
with unclear function in PC and prognostic value were selected for subsequent studies. The results showed that 22 DEGs,
including ACSL5, ANTXR1, AP1S3, ATP2C2, B3GNT5, C150rf48, CAPG, CTSK, DAPP1, DCBLD2, GPX8, HEPH, IFi44,
KRT23, NCF2, OCIAD2, SAMDY, SLC39A10, ST6GALNAC1, TBC1D2, TMSB10 and TSPANS, possessed prognostic
value and their related functions and mechanisms in PC had not been reported (Table 1). Next, we explored the relation-
ship between these 22 DEGs and various clinicopathological parameters using the TCGA PAAD dataset (Fig 2A). Fur-
thermore, multivariate Cox and stepwise regression analysis showed that DCBLD2, OCIAD2, SAMDSY, age, and lymph
node metastasis (LNM) status were independent prognostic factors for PC patients (p<0.05) (Fig 2B). We constructed a
Nomogram to predict the 1,3, and 5-year survival rates of patients based on the Cox model (Figs 2C and S1). Patients
with a high predictive score in the prognostic model had a worse prognosis (p<0.0001) (Fig 2D). The time-dependent
receiver operating characteristic curve (ROC) and the area under the curve (AUC) illustrated the predictive sensitivity and
specificity of this nomogram at 1, 3, and 5-year survival rates. The results of the analysis showed that the AUC for 1,3,
and 5-year survival rates were 0.7, 0.77, and 0.68, respectively (Fig 2E). Clinical decision curve analysis results show that
the prognostic model aided clinical decision-making to benefit patients (Fig 2F).

We validated the performance of the prognostic model in the GSE79668 [26] dataset. The results showed that the
prognosis of PC patients with high prognostic model scores was significantly worse than those with low scores (Fig 2G).
In the GSE79668 [26] dataset, the AUC of 1-, 3-, and 5-year survival rates of the prognostic model were 0.8, 0.86, and
0.96, respectively (Fig 2H). Similarly, the results of clinical decision curve analysis showed that the prognostic model aided
clinical decision-making (Fig 21).

The expression levels of DCBLD2, OCIAD2, and SAMD9 in normal pancreatic, adjacent normal, primary, and
metastatic tumor tissues

We retrieved 6 independent single-cell sequencing datasets, GSE155698 [28], GSE154778 [29], GSE197177 [30],
GSE212966 [31], GSE229413 [32], and GSE156405 [33] from the GEO database. The datasets contained single-cell
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Table 1. Correlation between the DEGs mRNA expression and the survival of PAAD patients.

Gene Survival Cases HR p Value Median survival (months)
Low High
ACSL5 oS 1237 0.98 0.82 18.43 19.0
DFS 278 1.29 0.046 11.23 10.03
ANTXR1 (O] 1237 1.01 0.928 18.57 18.97
DFS 278 1.33 0.026 11.3 10.0
AP1S3 (O] 1237 1.2 0.008 20.03 16.43
DFS 278 0.72 0.010 10.03 10.73
ATP2C2 oS 1237 1.17 0.026 19.9 17.43
DFS 278 0.82 0.126 10.13 10.43
B3GNT5 (O] 1237 1.4 2.10x10-°¢ 20.33 16.0
DFS 278 0.89 0.377 10.6 10.13
C150rf48 (O] 1237 1.1 0.138 19.3 17.93
DFS 278 1.31 0.033 11.47 9.23
CAPG (O] 1237 1.16 0.036 19.3 18.1
DFS 278 0.66 0.001 9.77 1.4
CTSK oS 1237 0.96 0.523 17.7 19.57
DFS 278 1.38 0.012 1.4 10.03
DAPP1 (O] 1237 1.04 0.539 19.54 17.93
DFS 278 1.63 1.98x10-%4 11.6 9.77
DCBLD2 (O] 1237 1.27 6.16x10°* 20.9 16.0
DFS 278 1.5 0.001 12.07 8.4
GPX8 (O] 1237 0.98 0.756 18.4 19.0
DFS 278 1.64 1.40x10-° 12.07 9.23
HEPH oS 1237 1.03 0.705 18.97 18.0
DFS 278 1.31 0.035 11.23 10.13
IF144 (O] 1237 1.17 0.024 20.13 16.43
DFS 278 1.16 0.251 11.23 9.83
KRT23 (O] 1237 1.23 0.003 19.93 17.6
DFS 278 0.93 0.575 11.13 10.07
NCF2 0S 1237 1.29 3.58x10% 19.73 17.0
DFS 278 0.97 0.841 1.4 9.83
OCIAD2 oS 1237 1.04 0.568 19.0 18.0
DFS 278 1.65 9.86x107°° 12.0 8.63
SAMD9 (O] 1237 1.09 0.201 19.8 17.27
DFS 278 1.39 0.010 11.6 9.23
SLC39A10 (O] 1237 1.22 0.005 20.13 16.23
DFS 278 1.01 0.947 10.5 10.13
ST6GALNACT oS 1237 0.92 0.264 17.99 19.0
DFS 278 0.77 0.036 10.03 11.23
TBC1D2 (O] 1237 1.16 0.034 20.0 16.87
DFS 278 1.62 1.93x10-% 11.73 9.13
TMSB10 (O] 1237 0.96 0.590 18.57 19.13
DFS 278 1.36 0.015 11.6 9.23
TSPANS (O] 1237 1.51 6.30x107°° 22.27 15.87
DFS 278 1.17 0.209 11.3 9.1

*Q0S: overall survival, DFS: disease-free survival.

https://doi.org/10.1371/journal.pcbi.1013566.t001

PLOS Computational Biology | https:/doi.org/10.1371/journal.pcbi.1013566 ~October 7, 2025 7119



https://doi.org/10.1371/journal.pcbi.1013566.t001

N Computational
PLO&C- Biology

A

tumor stages
tumor_Tocation
oy a

T siatus
smoking Tistory
primary_therapy_outcome
pathoiogical type
Nsages

& S &
o &

pos

-log(P)
]

B

Hazard ratio

H 1

DCBLD2 (N=176) W (1.008-1.043) 0.005**
1

OCIAD2 (N=176) B (1.003-1.021) 0.008 **
: 1

SAMD9 (N=176) ™ (1.002- 1.064) 0.038*
d 1

e (N=176) = (1.008-1.051) 0.008 **

s 2
LNM_status ?,{7':“%) referenceM  (1.205 - 3.409)
LNM : -
u : —————— 0.
(N=124) : o0

# Events: 91; Global p-value {LDg-Rani{): 1.11 559-[1175
AIC: 769.57, Concordance Index: 0.68

s 5 % % % )
LN st [fl El Risk Score == riskScore=High == rskScore=Low e
sawos - 2 i
ok % ;:
o
3 c Q £ c
ocuoz s [
~= 5 e e e 3 &
e e i ~— s B g —— AUC of 1-y sunvival: 0.7
S 5 - — AUC of 3 survival: 0.7
7] o | AUC of 5-y sunvival: 0.68
\ 0 1000 - 2000 3000 S g i : ; . ;
S e e e ime
o ) 00 02 04 06 08 1.0
T T i o 13 TR0 ° Number at risk: n (%) 1 Soectic
. 8 rskscore-+ign{86 (100 8(9) 3(3) 0(0) -Specificlty
pros> & 5 T & Trccon-ion|86 (1000 13 (15 22 00
oan & } oo 700 3000
05 TE T5 o7 3 3 T Time
Risk Score == riskScore=High == riskScore=Low
by
b 1.00
3
— model 1-year < 0.75
% - - model 3-year 8
c — . model 5-year s 050 ---%--
[0} v
m = All 1-year = '
- S Log-rarlk
(7] All 3-year Y 0.25 p<0.0001
= - = All 5-year S p
— None (2] 0.00 !
\ 0 1000 2000 3000
R Time
¥ & ® Number at risk: n (%)
\ \ 8 riskscore=High|22 (100) 1(5) 0(0) 0(0)
031 $ rerseore-ion|23 (100) 10 (43) 4(17) 2(9)
000 025 050 075  1.00 « ° W0 e O o0

Risk Threshold

H

e
Q@
o
2 9o |
2 ©
=
g < |
n (=}
~ . Al
s T s —— AUC of 1-y survival: 0.8
o —— AUC of 3-y survival: 0.86
o | |7 AUC of 5-y survival: 0.96
© T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Ll

— model 1-year
- = model 3-year
~ model 5-year
= All 1-year

= All 3-year
= = All 5-year
— None

o
o

Net Benefit

o
o

000 025 050 075 1.00
Risk Threshold

Fig 2. DCBLD2, OCIAD2, and SAMDS are novel biomarkers with prognostic value. (A) Correlation between the 22 DEGs and various clinicopatho-
logical features of pancreatic cancer patients. (B) Cox prognostic model based on DCBLD2, OCIAD2, SAMD?, age, and lymph node metastasis status.

(C) Nomogram based on the Cox prognostic model to predict the 1,3, and 5-year survival rates of patients. (D) Patients with high prognostic model
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scores had worse prognosis in TCGA pancreatic cancer dataset. (E) AUC of prognostic model predictive efficacy for 1,3, and 5-year survival in the TCGA
pancreatic cancer dataset. (F) Clinical decision curve analysis results in the TCGA pancreatic cancer dataset. (G) Patients with high prognostic model
scores in the GSE79668 dataset had a worse prognosis. (H) AUC of prognostic model predictive efficacy for 1,3, and 5-year survival in the GSE79668
dataset. (I) Results of clinical decision curve analysis in the GSE79668 dataset.

https://doi.org/10.1371/journal.pcbi.1013566.9002

transcriptome sequencing data from 13 normal pancreatic tissues, 10 adjacent normal tissues, 57 primary tumors, and
13 metastatic tumors. A total of 225845 cells were obtained from these 93 tissues after quality control and filtration, and
29 cell clusters were obtained after clustering and grouping (Fig 3A). After annotation, it can be divided into 12 types of
cells, including acinar cells, ductal cells, stellate cells, Schwann cells, fibroblasts, endothelial cells, T cells, B cells, mac-
rophages, myeloid-derived suppressor cells (MDSCs), and mast cells (Fig 3A). Next, we analyzed the expression levels
of DCBLD2, OCIAD2, and SAMD9 in each tissue cell subpopulation. The results showed that DCBLD2 mRNA expression
was highest in ductal cells with metastatic cancer (Fig 3B and 3C). The expression of OC/IAD2 mRNA was highest in
ductal cells and T cells of primary and metastatic tumors (Fig 3B and 3C). SAMD9 mRNA was highly expressed in both
primary and metastatic ductal cells (Fig 3B and 3C), and was also higher in T cells from adjacent normal tissues (Fig 3B
and 3C).

In addition, we found that, compared with DCBLD2 and SAMD9, OCIAD2 had the highest RNA and protein expression
levels in PC tissues (Fig 4A and 4B). Therefore, we conducted further research on OCIAD2. For typical outcomes, BxPC-3
cell line with moderate OCIAD2 expression in pancreatic cancer cell lines was selected for subsequent experiments (Fig
4C).

Knockdown of OCIAD2 in pancreatic cancer cells significantly inhibited JAK-STAT and cell cycle signaling
pathways

To further understand the mechanism by which OCI/AD2 promotes PC progression, we performed transcriptomic sequencing
analysis after knocking down OCIAD2 expression in the BxPC-3 cell line. The results of transcriptome sequencing showed
that the mRNA expression level of the OCIAD2 knockdown group was significantly lower than in the control group in BxPC-3
cells (Fig 5A). PCA analysis of the transcriptome data showed that the first two principal components (PC1, PC2) could
clearly distinguish different samples with OCIAD2 knockdown from the control group (Fig 5B). To explore which pathways
were inhibited or activated in the OCIAD2 knockdown group compared to the control group, we used the run_wmean func-
tion of the decoupleR package [39] to analyze the transcriptome data of the two groups of samples. The results showed that
the JAK-STAT signaling pathway was significantly inhibited in the OCIAD2 knockdown group (Fig 5C). Next, we conducted
differential gene expression analysis on the transcriptome data. The results showed that 466 genes were up-regulated and
522 genes were down-regulated in the OCIAD2 knockdown group compared with the control group (Fig 5D and 5E). Based
on DEGs and corresponding t values, we further analyzed the signaling pathways that were abnormally activated or inhibited
between the OCIAD2 knockdown group and control group using the run_mlIm function. The results showed that the activities
of JAK-STAT, PI3K, NFkB, and Androgen pathways were significantly inhibited in the OCIAD2 knockdown group (Fig 5F).
Then, we performed KEGG enrichment analysis of down-regulated DEGs in the OCIAD2 knockdown group (Fig 5G and
SH). KEGG analysis showed that down-regulated DEGs were mainly enriched in cell cycle, oocyte meiosis, progesterone-
mediated oocyte cellular senescence, and so on (Fig 5H). GSEA analysis was performed for all DEGs, and the results also
showed that down-regulated genes were mainly enriched in the cell cycle pathway (Fig 51 and 5J).

Knockdown of OCIAD2 significantly down-regulated STAT1 and STAT2 in JAK-STAT pathway and CCND1, CDK1
and CDK2 in cell cycle pathway

In order to further verify whether core genes in JAK-STAT and cell cycle signaling pathways are changed at the transcrip-
tomic level, subsequent expression and correlation analysis were performed. Firstly, the expression levels of JAK1, JAK2,
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primary, and metastatic tumor samples, combined with batch removal effect. (BC) After cell type annotation, the expression of DCBLD2, OCIAD2, and
SAMD9 was analyzed in normal pancreatic, adjacent normal, primary, and metastatic tumor tissues.

https://doi.org/10.1371/journal.pcbi.1013566.9003

PLOS Computational Biology | https://doi.org/10.1371/journal.pcbi.1013566 October 7, 2025

10/19


https://doi.org/10.1371/journal.pcbi.1013566.g003

PLOS . Computational

. .
Biology
A DCBLD2 OCIAD2 SAMD9Y
- a— 8 I — . a—
° .
IS 3 1
% _
o o
2 - g 1 - ¥
z z . z
= = g . =
1 1 1 1 o _|
5 5 s ©
2 g B i :
O 0o 9 o =
: = 81 : 1
& i w R A kA
s | sk
N oy
o _
w
o
s | Pt = )
Y . 3 o
o 4 o 4 —— o 4 S =i
T T T
PAAD PAAD PAAD
(num(T)=179; num(N)=171) (num(T)=179; num(N)=171) (num(T)=179; num(N)=171)
B ‘ DCBLD2 OCIAD2 SAMD9
Normal
Tumor -
nTPM
500
400
300
200
100
0
PRSELENFOIOF ORI P PDNEFVNOBPDELINRE VDO NG NSNS O XN
FEFTL LTI IS TLTFTE IS FEITEF S SIS LIS SIS 28§
3 ¥ & S > < 9 ¢ 7 T ¢ >
CE & TGS TS & &0 S FYO° = & ¢

Fig 4. The expression level of DCBLD2, OCIAD2, and SAMD9 in pancreatic tumor tissue and cell lines. (A) The mRNA expression levels of
DCBLD2, OCIAD2, and SAMDS in pancreatic cancer and normal tissues (GEPIA). (B) The protein expression level of DCBLD2, OCIAD2, and SAMD9 in
pancreatic cancer and normal tissues (HPA). (C) The mRNA expression levels of OCIAD2 in 46 pancreatic cancer cell lines (HPA).

https://doi.org/10.1371/journal.pcbi.1013566.9004
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Volcano plot and heat map of up-and down-regulated DEGs in the OCIAD2 knockdown group. (F) The activities of JAK-STAT, PI3K, NFkB, and Andro-
gen pathways in the OCIAD2 knockdown group. (G) KEGG enrichment analysis of down-regulated DEGs in the OCIAD2 knockdown group. (K) DEGs
enriched in each major pathway in KEGG analysis. (I-J) GSEA analysis results of DEGs after OCIAD2 knockdown.

https://doi.org/10.1371/journal.pcbi.1013566.9005

JAK3, TYK2, STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B and STAT6 in JAK-STAT pathway were verified after
OCIAD2 knockdown. The results revealed that both STAT7 and STAT2 were significantly down-regulated after knockdown
of OCIAD2, whereas JAK3, STAT5B, and STAT6 were all up-regulated (Fig 6A). Knockdown of OCIAD2 significantly
down-regulated CCND1, CDK1, and CDK2 and up-regulated CDK®6 in the cell cycle signaling pathway (Fig 6B). Whether
OCIAD2 expression in real tumor tissues may also affect the expression of related genes in the JAK-STAT and cell cycle
pathways is unknown, and we investigated this with data from GSE183795 [15]. The results showed that the expres-

sion levels of STAT1, STAT2 and STAT6 in JAK-STAT pathway were also significantly lower, while STAT4, STAT5A and
STAT5B were higher in tumors with low OCIAD2 expression (Fig 6C). Expression levels of CCNA2, CCNB1, CCND1,
CCNE1, CDK1, CDK2, CDK4, and CDK®6 in the cell cycle pathway were all significantly lower in OCIAD2 low-expressing
tumor tissues, while CDKN1B was higher (Fig 6D). Based on these results, further analysis revealed a significant positive
correlation between OCIADZ2 expression and the expression of STAT7 and STATZ2 in the JAK-STAT pathway, and a signif-
icant negative correlation between OCIAD2 expression and STAT5B (Fig 6E). The expression of OCIAD2 was positively
correlated with CCND1, CDK1, and CDK2 in the cell cycle pathway (Fig 6F).

The most sensitive compounds corresponding to different OCIAD2 expression levels

To identify potential therapeutic agents for PC patients with different OCIAD2 expression, we performed drug sensitivity
analyses (S2 Data). The analysis found that the top 10 drugs that were significantly positively correlated with OCIAD2
expression were CIL70, CAY10618, decitabine, daporinad, SR1001, BIBR.1532, A.804598, StemRegenin.1, OSI.930, and
gemcitabine (Fig 7A). It is suggested that these drugs may be more sensitive to patients with low expression of OCIAD2,
but not suitable for patients with high expression of OCIAD2 (Fig 7B). The top 10 drugs significantly negatively correlated
with OCIADZ2 expression were MI.1, KHS101, GDC.0941, BRD.K27188169, pandacostat, ZSTK474, BRD.K80183349,
tretinoin.carboplatin..2.1.mol.mol., navitoclax.pluripotin..1.1.mol.mol., and austocystin.D, respectively. (Fig 7C). This sug-
gests that patients with high OCIAD2 expression are more sensitive to these drugs, whereas patients with low expression
are less sensitive (Fig 7D).

Discussion

In this study, based on comprehensive transcriptomic and clinical data, we discovered many genes that are poorly under-
stood but may be very important in pancreatic cancer. Meanwhile, at the transcriptome level, we revealed for the first time
the association between OCIAD2 and JAK-STAT1 as well as the cell cycle pathway. And the sensitivity of patients to var-
ious drugs under different OCIADZ2 expression levels was evaluated. Based on these results, we believe that OCIADZ2 is
a potential prognostic and therapeutic marker for PC patients. Ovarian cancer immunoreactive antigen domain containing
2 (OCIAD2), with sequence similarity to OCIAD1, was first identified as a novel gene by the National Institutes of health
mammalian gene collection program in 2002 [42]. OCIADZ is located on chromosome 4p11 in humans, with 7 exons and
composed of 154 amino acids [43].

OCIAD2 has been reported to be implicated in liver cancer, lung adenocarcinoma, and ovarian mucinous tumors.
Hypermethylation of OCIADZ2 in liver cancer tissues was associated with poor prognosis in patients [44—46]. In addition,
Wu et al. showed that the hypermethylation of OCIAD2 in liver cancer resulted in the decrease of OCIAD2 mRNA and
protein levels, which promoted the migration and invasion of cancer cells, the enhancement of MMP9 expression, and the
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Fig 6. Effects of OCIAD2 on JAK-STAT and cell cycle signaling pathways. (A, B) Alterations in core genes in the JAK-STAT and cell cycle pathways
following knockdown of OCIAD2 expression in the BxPC-3 cell line. (C-D) Expression levels of core genes in JAK-STAT and cell cycle pathways in PC
tumor tissues in different OCIADZ2 groups. (E-F) Correlation of OCIAD2 expression with STAT1, STAT2, STAT5B, CCND1, CDK1 and CDK2.

https://doi.org/10.1371/journal.pcbi.1013566.9006
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Fig 7. The most sensitive compounds corresponding to PC patients with high and low OCIAD2 expression. (A) Top 10 compounds with signif-
icant positive correlations with OCIADZ2 expression. (B) IC50 values of positively correlated compounds at different OCIAD2 levels. (C) Top 10 com-
pounds with significant negative correlations with OCIAD2 expression. (D) IC50 values of negatively correlated compounds at different OCIAD2 levels.

https://doi.org/10.1371/journal.pcbi.1013566.9007

activation of AKT and FAK [46]. Chigusa et al. demonstrated that similar to OCIAD1, OCIAD2 was a cancer-associated

protein whose expression increased during the progression of ovarian mucinous tumors and was a useful marker for eval-
uating malignancy [47].
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Overexpression of OCIAD2 was observed in lung adenocarcinoma, which was potentially caused by demethylation of
the CpG site in the OCIAD2 promoter region. Furthermore, low CpG methylation of OCIAD2 was associated with adverse
outcomes in patients [48]. Hong et al. reported that the expression of OCIADZ2 in invasive lung adenocarcinoma was
significantly higher than in in situ lung adenocarcinoma and was associated with poor prognosis of patients. Inhibition of
OCIADZ2 downregulated cell growth, proliferation, migration, and invasion, loss of mitochondrial structure, and reduction
of mitochondrial number [49]. However, two studies on lung adenocarcinoma showed an inverse relationship between
abnormal expression of OCIAD2 and patient prognosis and clinicopathological features. One of them found that high
OCIAD?2 protein expression was significantly correlated with vascular invasion, lymphatic infiltration, and pathological
stages [50]. In another study, although OCIAD2 was highly expressed in lung adenocarcinoma, patients with high expres-
sion exhibited better prognosis. OCIAD2 expression was inversely associated with lymphatic invasion, vascular invasion,
and lymph node metastasis [51]. These results indicate that the function of OCIADZ2 in various tumors is complex, and its
role varies among different tumors, requiring further research and exploration. In this study, we found that the expression
level of OCIAD2 was strongly correlated with chronic pancreatitis, primary therapy outcome, and pathological type in PC
patients. In addition, we found that OCIAD?Z itself was rarely mutated, but PC patients with high OCIAD2 expression had
more mutations in KRAS, TP53, and CDKNZ2A than those with low OCIAD2 expression (S2 Fig).

At the time we wrote the manuscript of this study, we found that Yi-Fan et al. had partially worked on OCIAD2 in PC [52].
Although they also found that OCIAD2 was highly expressed in PC and correlated with prognosis, they did not conduct a
comprehensive evaluation of the prognostic value of OCIAD2 in multiple datasets. In addition, they found that OCIAD2 may
play a role in PC cell proliferation, migration, and apoptosis through the PI3K/Akt signaling pathway. In this study, however,
we found that JAK-STAT and the cell cycle pathway may play a more important role. In particular, we found that the JAK-
STAT pathway is more strongly inhibited after OCIAD2 knockdown than PI3K/Akt. In summary, these results suggest that
OCIAD?2 plays a critical pathological function in PC and is a novel biomarker for the prognosis of PC patients.

However, our current study has several limitations. Although we demonstrated that OCIADZ2 plays an oncogenic role in
PC and targeted knockdown of OCIADZ2 can inhibit the activity of JAK-STAT and the cell cycle, it has not been validated
in vivo. In addition, although this study has confirmed the prognostic value of the mRNA level of OCIAD2 for PC patients,
the prognostic value of OCIAD2 protein expression in PC patients has not been investigated. These remain to be further
studied in our future.

In conclusion, we have now demonstrated that OCIADZ2 is a useful prognostic biomarker for PC patients and plays a
key pathological function in PC, and knockdown of OCIAD?Z significantly inhibits JAK-STAT and the cell cycle pathway
activity. It represents a potential candidate for drug development in PC patients.
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