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Plastin-3 is a diagnostic and prognostic R

marker for pancreatic adenocarcinoma
and distinguishes from diffuse large B-cell
lymphoma

Fei Xiong, Guan-Hua Wu, Bing Wang and Yong-Jun Chen’

Abstract

Background: Altered Plastin-3 (PLS3; an actin-binding protein) expression was associated with human carcinogen-
esis, including pancreatic ductal adenocarcinoma (PDA). This study first assessed differentially expressed genes (DEGs)
and then bioinformatically and experimentally confirmed PLS3 to be able to predict PDA prognosis and distinguish
PDA from diffuse large B-cell lymphoma.

Methods: This study screened multiple online databases and revealed DEGs among PDA, normal pancreas, diffuse
large B-cell ymphoma (DLBCL), and normal lymph node tissues and then focused on PLS3. These DEGs were ana-
lyzed for Gene Ontology (GO) terms, Kaplan—-Meier curves, and the log-rank test to characterize their association with
PDA prognosis. The receiver operating characteristic curve (ROC) was plotted, and Spearman’s tests were performed.
Differential PLS3 expression in different tissue specimens (n = 30) was evaluated by reverse transcription quantitative
polymerase chain reaction (RT-gPCR).

Results: There were a great number of DEGs between PDA and lymph node, between PDA and DLBCL, and between
PDA and normal pancreatic tissues. Five DEGs (NETT, KCNK1, MAL2, PLS1, and PLS3) were associated with poor overall
survival of PDA patients, but only PLS3 was further verified by the R2 and ICGC datasets. The ROC analysis showed a
high PLS3 AUC (area under the curve) value for PDA diagnosis, while PLS3 was able to distinguish PDA from DLBCL.
The results of Spearman’s analysis showed that PLS3 expression was associated with levels of KRT7, SPP1, and SPARC.
Differential PLS3 expression in different tissue specimens was further validated by RT-qPCR.

Conclusions: Altered PLS3 expression was useful in diagnosis and prognosis of PDA as well as to distinguish PDA
from DLBCL.

Keywords: Pancreatic adenocarcinoma, Bioinformatic analysis, Differentially expressed genes, Biomarker, Diffuse
large B-cell lymphoma
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Introduction

Pancreatic ductal adenocarcinoma (PDA) is one of
the most malignant and lethal cancers, accounting for
459,000 new cases diagnosed in 2018. The overall 5-year
PDA survival rate is approximately 9% [1]. Currently,
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common cause of cancer death in the USA by 2030 [2].
The development of PDA is associated with many risk
factors that are poorly characterized, rendering PDA pre-
vention almost impossible [1]. Moreover, despite recent
advancements in our understanding of the tumor’s biol-
ogy, PDA is still frequently diagnosed at advanced stages
of disease (initial diagnosis only occurs in up to 15% of
PDA patients with surgically resectable tumors) [1]. Sur-
gical tumor resection is not possible in many cases, and
PDA is insensitive to chemoradiotherapy [3, 4]; how-
ever, in early stage PDA, preoperative chemotherapy
followed by surgical resection is regarded as a curative
treatment [5], but it has not been associated with signifi-
cant improvement in patient outcomes or quality of life
in advanced PDA [6]. Thus, there is an urgent need to
understand the molecular mechanisms of PDA carcino-
genesis and progression in order to develop biomarkers
to diagnose PDA early, to predict prognosis and treat-
ment responses, and to design novel strategies for the
control of PDA.

In terms of early PDA detection, the differential diag-
nosis of an abdominal mass, like PDA, is challenging.
Primary pancreatic lymphoma (PPL) is an extremely rare
form of extranodal malignant lymphoma, accounting for
less than 0.5% of pancreatic neoplasms and 1% of extran-
odal lymphomas [7]. The most common histological type
of PPL is diffuse large B cell lymphoma (DLBCL), which
accounts for nearly 60% of all PPL cases [8]. PPL mani-
fests as an abdominal mass that is similar to PDA [9];
however, chemotherapy (like the CHOP regimen) is the
preferred treatment option for PPL patients, so the differ-
ential diagnosis is crucial. However, if PPL was misdiag-
nosed, the patients would undergo unnecessary surgery,
which is not an ideal treatment option for the patients
[10-12].

Plastin-3 (PLS3), belonging to a family of actin-binding
proteins, functions to inhibit cofilin-mediated depolym-
erization of the actin fiber, which may have an important
role in the epithelial-mesenchymal transition (EMT)
[13]. Altered PLS3 expression was reported to be associ-
ated with human carcinogenesis, including PDA, and the
detection of PLS3 expression may predict prognosis in
various human cancers [13-19]. Molecularly, PLS3 regu-
lates the PI3K/AKT signaling pathway and the EMT in
tumor cells [13, 14].

In this study, we performed bioinformatical analyses
of multiple datasets to assess differentially expressed
genes (DEGs) in PDA, normal pancreas, DLBCL, and
normal lymph node tissue. We then focused on PLS3
as a biomarker for the early diagnosis of PDA, as well
as the prediction of prognosis and differential diagnosis
from DLBCL. We expect to provide useful information

Page 2 of 16

regarding PLS3 as a biomarker for PDA, in future valida-
tion studies.

Materials and methods

Searching and downloading of microarray data

In this study, we searched and downloaded multiple data
from various databases [i.e., the Gene Expression Omni-
bus (GEO; https://www.ncbi.nlm.nih.gov/geo), the Meta-
bolic gEne RApid Visualizer (MERAYV, http://merav.wi.
mit.edu), The Cancer Genome Atlas (TCGA; https://por-
tal.gdc.cancer.gov/), and the UCSC Xena (https://xena.
ucsc.edu/)] using our search criteria (Fig. 1). The GEO
datasets included GSE16515, GSE15471, GSE32676,
GSE71989, GSE71729, GSE62165, and GSE62452, while
GSE16515, GSE2109, and GSE7307 were used for batch-
normalization with the Metabolic Gene Rapid Visualizer
(MERAV; http://merav.wi.mit.edu/). The microarray data
on PDA and DLBCL cell lines were downloaded from the
MERAV [20], and microarray data from TCGA and the
Genotype-Tissue Expression (GTEx) were obtained from
the UCSC Xena database (https://xenabrowser.net/).
Each dataset contained various numbers of PDA, nor-
mal pancreas, lymph node, and DLBCL tissue samples
(Tables 1 and 2).

Identifications of DEGs

To identify the DEGs, we processed the downloaded
database data with the “limma” R package using the
R version 3.6.3 (https://www.r-project.org) accord-
ing to a previous study [21]. The false-positive results
were corrected by adjusting the P-values (adj. P) during
Benjamini-Hochberg analysis. The fold-change value
was obtained from the logarithm (logFC) analysis. The
threshold for each DEG was set as an adj. P<0.05 and
|logFC| > 1. The R package “sva” was used to adjust batch
effects among the GSE16515, GSE15471, GSE32676, and
GSE71989 datasets [22]. DEGs were visualized with the
“pheatmap” R package. An online Venn diagram (http://
bioinformatics.psb.ugent.be/webtools/Venn/) tool was
used to identify intersections among gene sets.

Gene ontology (GO) analysis

GO analysis was applied to define genes and their prod-
ucts (mRNA or proteins), to identify unique biological
properties of high-throughput transcriptome or genome
data. These analyses were conducted with the “cluster-
Profiler” R package. With the cut-off criterion for a sig-
nificant function was set as an adj. P<0.05 [23], the GO
terms were classified into three groups: biological pro-
cesses (BP), cellular components (CC), and molecular
functions (MF). Data were plotted with the “GOplot” R
package [24].
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Fig. 1 lllustration of our search criteria and flow diagram

Tissue samples, RNA isolation, and reverse transcription
quantitative polymerase chain reaction (RT-qPCR)
Ten pairs of PDA and normal pancreas samples and five

pairs of DLBCL and normal lymph node samples were
obtained from Tongji Hospital of Huazhong University
of Science and Technology, Wuhan, China. This study
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Table 1 The GEO datasets used in this study

Accession number Platform Pancreas PAAD Lymph nodes
GSE15471 GPL570 39 39 0
GSE16515 GPL570 16 36 0
GSE32676 GPL570 7 25 0
GSE71989 GPL570 8 13 0
GSE71729 GPL20769 46 145 10
GSE62165 GPL13667 13 118 0
GSE62452 GPL6244 61 69 0

was approved by the Ethics Committee of Tongji Hos-
pital (detailed in Additional file 1: Table S1). Tissue sam-
ples were subjected to total RNA isolation using the RNA
isolater Total RNA Extraction Reagent (Vazyme, Nan-
jing, China) and reverse-transcribed into cDNA using
the HiScript III RT SuperMix for qPCR (+gDNA wiper)
(Vazyme) according to the manufacturer’s instructions.
qPCR was then performed using the ChamQ Universal
SYBR qPCR Master Mix (Vazyme) in the iQ5"" quanti-
tative PCR detection system (Bio-Rad, Richmond, CA,
USA). The primers were: PLS3, 5-AAGACCTTCCGC
AAAGCAATC-3' and 5-TGTTCCTTCGCTGGACAA
CTC-3/, and ACTB, 5-GTCCACCGCAAATGCTTC
TA-3' and 5-TGCTGTCACCTTCACCGTTC-3'. The
gPCR data were quantified using the 2724 method.

Statistical analyses

To assess bivariate correlations between variables, we
determined Spearman’s rank correlation coefficient (r,)
using the R 3.6.3 package and SPSS 21.0 (SPSS Inc., Chi-
cago, IL, USA). The output results were visualized using
the “corrplot” R package, and P<0.05 was considered
as statistically significant. Kaplan—Meier curves were
plotted for 176 PDA patients, the data of which were
obtained from TCGA and downloaded from the UCSC
Xena site (https://xena.ucsc.edu), then analyzed with
the log-rank test to calculate overall survival for groups
of patients after stratification for DEGs. Another dataset
was downloaded from the complementary data available
on the R2: Genomics Analysis and Visualization Platform

Table 2 The MERAV data
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(http://r2.amc.nl) and International Cancer Genome
Consortium (ICGC; https://dcc.icgc.org/) [25]. The data
were analyzed by using for Kaplan—Meier analysis with
the “survival” R package. For data analyses, all patients
were divided into high vs. low groups, depending on the
median expression level of each DEG (cut-off P<0.05),
using the log-rank test. We also performed univariate
and multivariate Cox regression analyses using the “sur-
vival” R package. The association between PLS3 expres-
sion and clinicopathological features was analyzed with a
Chi-square test (P <0.05). To predict the utility of PLS3 in
diagnosing PDA, we plotted the receiver operating char-
acteristic curve (ROC) with the “pROC” R package [26],
then calculated the area under the curve (AUC) with
SPSS 21.0.

Results

Identification of PDA-related DEGs using various online
datasets

In this study, we downloaded multiple datasets and per-
formed bioinformatic analyses to identify DEGs in PDA,
normal pancreas, DLBCL, and normal lymph node tis-
sue. With use of the MERAYV dataset, we found a total of
1611 DEGs between pancreatic and lymph node samples
and 3063 DEGs between pancreatic and DLBCL samples
(Fig. 2A, B and Table 3). Using 113 PDA and 70 pancreas
samples, we compared the DEGs identified with the
MERAY dataset with those identified with the GEO data-
set (GSE16515, GSE15471, GSE32676, and GSE71989)
(Table 1). This approach ultimately resulted in the iden-
tification of 1881 upregulated DEGs and 128 downregu-
lated DEGs (Table 3 and Fig. 3A).

We created a search filter for these DEGs in PDA
from normal pancreas, lymph node, and DLBCL using
the intersection calculation and the transitivity of ine-
quality relation of gene expression sourcing from GEO
and MERAV for the “Pancreas>Lymph Nodes’, “Pan-
creas >DLBCL’ and “PDA > Pancreas” groups. The inter-
section showed that 84 DEGs were significantly higher in
PDA than in the other three tissue types (Fig. 3B); how-
ever, we did not identify any DEGs among the other three
groups (Fig. 3C).

Tissue Source Platform Number Sample ID
Pancreas GSE16515 GPL570 15 GSM414928, GSM414930, GSM414934, GSM414938, GSM414940,
GSM414942, GSM414947, GSM414953, GSM414955, GSM414957,
GSM414963, GSM414966, GSM414970, GSM414972, GSM414975
GSE7307 GPL570 1 GSM175950
Lymph nodes GSE7307 GPL570 4 GSM176431, GSM176432, GSM176432, GSM176434
DLBCL GSE2109 GPL570 4 GSM53026, GSM102466, GSM152566, GSM179927
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Fig. 2 The hierarchical cluster heatmaps for DEGs in the MERAV datasets. A DEGs between normal pancreas and lymph node tissue. B DEGs
between normal pancreas and DLBCL tissue. The gradual change from red to green represents changes in gene expression from high to low. The
black color refers to no difference in gene expression. DEG differentially expressed gene, MERAV the Metabolic Gene Rapid Visualizer, DLBCL diffuse
large B-cell lymphoma

Table 3 DEGs among PDA, normal pancreas, lymph node, and DLBCL tissues

Differences in expression between Number of DEGs Total number
samples

Pancreas vs. lymph nodes Pancreas >lymph nodes 785 1611
Pancreas <lymph nodes 826

Pancreas vs. DLBCL Pancreas > DLBCL 1476 3063
Pancreas < DLBCL 1587

PDA vs. pancreas PDA > pancreas 1881 2009
PDA < pancreas 128

DEG differentially expressed gene, DLBCL diffuse large B-cell ymphoma, PDA pancreatic ductal adenocarcinoma

Functional GO term analysis of these DEGs

We focused solely on these 84 DEGs for the GO term
analysis and found that the top six terms (“cell—cell junc-
tion”, “cell adhesion molecule binding’, “apical part of
cell’; “lateral plasma membrane’, and “desmosome”) were
significantly associated with PDA development (Fig. 4

and Table 4).

Validation of these DEGs using TCGA and GTEx data

To validate the DEGs from the MERAV and GEO data-
sets, we searched and downloaded mRNA sequencing
data on 178 PDA and 171 normal pancreas samples from
TCGA and the GTEx database. Among a total of 2971

upregulated DEGs in the MERAV and GEO datasets, 46
were confirmed as highly expressed in PDA in TCGA and
GTEx datasets. These DEGs may serve as indicators for
differentiation between PDA and the other three tissue
types (Fig. 5A). An intersectional analysis of GSE62165
(13 pancreas and 118 PDA samples) and GSE62452
(61 pancreas and 69 PDA samples) revealed that 16 of
these 46 DEGs were significantly overexpressed in PDA
(Fig. 5B and Table 1).

Association of DEGs with PDA prognosis

We investigated the association of these 16 DEGs with
PDA prognosis by plotting the Kaplan—Meier curves
and performing the log-rank test on data for the 176
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Fig. 3 DEGs identified from the batched GEO datasets with the Venn diagrams. A The hierarchical cluster heatmaps of DEGs between PDA and
normal pancreas from the four GEO batched datasets. The gradual change from red to green represents changes in gene expression from high
to low. The black color indicates no difference in gene expression. B The intersection among “Pancreas > Lymph Nodes'’, “Pancreas > DLBCL"and
"PDA > Pancreas” groups. C The intersection among “Pancreas < Lymph Nodes’, “Pancreas < DLBCL" and “PDA < Pancreas” groups. DEG differentially
expressed gene, GEO Gene Expression Omnibus, PDA pancreatic ductal adenocarcinoma, DLBCL diffuse large B-cell lymphoma

PDA patients obtained from TCGA (Additional file 1: verified by the survival data integrated from the R2 and
Table S1). Our data showed that five (NET1, KCNK1, ICGC databases (Additional file 1: Table S1) . We also had
MAL2, PLS1, and PLS3) of these 16 DEGs were asso-  contradictory data on PLS1, i.e., data from TCGA showed
ciated with poor overall survival (OS) in PDA patients that PLS1 expression was associated with poor survival,
(Fig. 6A, C, E, G, and I). However, only PLS3 data were  but data from another dataset showed the opposite result,
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Fig. 4 Gene Ontology terms of the 84 DEGs identified with interaction analysis. Changes in red color saturation represent differences in logFC

that a decrease in PLS1 expression was associated with
poor patient survival (Fig. 6B, D, F, H, ]). In this regard, we
removed the PLS1 data from our subsequent data analy-
ses. The tumor N classification was reversely associated
with survival of PDA patients (Additional file 2: Figure
S1), but we didn’t find a correlation between PLS3 expres-
sion and the clinicopathological features of PDA (Table 5).
The results of univariate and multivariate Cox analyses
showed that PDA N classification (P=0.004) and PLS3
expression (P=0.037) were significant risk factors in
developing PDA (Additional file 1: Table S1). The results
of multivariate analysis showed that PDA N classification
(P=0.036) and PLS3 expression (P=0.026) were inde-
pendent predictors of PDA survival (Table 6).

Accuracy of PLS3 expression in the diagnosis of PDA
To assess the diagnostic value of PLS3 expression for PDA,
we plotted ROC curves and found that PLS3 expression
was significantly elevated in PDA (Fig. 7A-D). The diagnos-
tic efficiency of PLS3 in distinguishing PDA from normal
pancreas was moderate, with AUC 0.7-0.9 in GSE62452
and high (0.9-1.0) in the other three datasets (Fig. 7E-H).
We found that PLS3 expression was higher in pancreas
than in lymph nodes in the MERAV data (Fig. 8A). The
diagnostic efficiency of PLS3 was moderate (Fig. 8B). The
examination of 46 normal pancreas and 10 normal lymph
node samples revealed a similar result for GSE71729
(Fig. 8C, D and Table 1).

The diagnostic value of PLS3 expression was used to
differentiate pancreas from DLBCL in 171 pancreas
samples from the TCGA and GTEx, 16 pancreas sam-
ples from the MERAV, 48 DLBCL samples from the
TCGA, and 4 DLBCL samples from the MERAV. Our
data showed that PLS3 was overexpressed in normal
pancreas and that the diagnostic efficiency of PLS3
was high (Fig. 8E-H). To verify higher PLS3 expression
in PDA than in DLBCL and lymph nodes, we analyzed
expression data from GSE71729 (145 PDA and 10 lymph
node samples) and cell line data from the MERAV (58
PDA and 17 DLBCL samples). The results revealed that
PLS3 expression in PDA was dramatically higher than in
DLBCL and normal pancreatic tissues (Fig. 5B, 81, K) and
that the diagnostic efficiency of PLS3 was high (Fig. 8],
L). These data indicate that PLS3 could serve as an effec-
tive diagnostic marker to differentiate PDA not only from
normal pancreas but also from DLBCL and lymph nodes.

Association of PLS3 with known prognostic and diagnostic
markers in PDA

To further elucidate the role of PLS3 expression in PDA,
we selected various biomarkers that were previously
used to diagnosis PDA or to predict prognosis in affected
patients [27-29] and calculated the r, values. Using the
batched dataset from GEO data, we found that KRT7
(also known as CK7) and SPP1 (secreted phosphopro-
tein 1) were associated with PLS3 expression (Fig. 9A),
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Table 4 The remarkably enriched GO terms for these DEGs

Ontology ID Description Count® adj.P Gene ID

CcC GO:0005911  Cell-cell junction 12 6.95E—05 PERP/PPL/EPCAM/FAT1/CLDN1/BAIAP2L1/DSG2/
CLDN7/CLDN12/PTPRK/CGN/PDLIM3

MF GO:0050839  Cell adhesion molecule binding 11 0.002369034  SFRP2/PPL/SPP1/EPCAM/OLFM4/BAIAP2L1/
TSPAN8/DSG2/CCN2/PROM1/CGN

CcC GO:0045177  Apical part of cell 9 0.002472218 EPCAM/FAT1/CLDN1/MYO6/MUCT/DSG2/KCNK1/
PROM1/MAL2

CcC GO:0016324  Apical plasma membrane 8 0.002817074 EPCAM/FAT1/CLDN1/MUC1/DSG2/KCNK1/
PROM1/MAL2

cC GO:0016328  Lateral plasma membrane 4 0.003551437 EPCAM/CLDN1/DSG2/CLDN12

cC GO:0030057 Desmosome 3 0.004170446 PERP/PPL/DSG2

cC GO:0005923  Bicellular tight junction 5 0.004170446 EPCAM/CLDN1/CLDN7/CLDN12/CGN

CcC GO:0070160  Tight junction 5 0.004305753 EPCAM/CLDN1/CLDN7/CLDN12/CGN

BP GO:0030198  Extracellular matrix organization 10 0.006175832 MMP7/SFRP2/SOX9/SPP1/PLOD2/MFAP2/ELF3/
CCN2/SPINT2/CCDC80

CcC GO:0043296  Apical junction complex 5 0.006294613 EPCAM/CLDN1/CLDN7/CLDN12/CGN

BP GO:0043062 Extracellular structure organization 10 0.010219773  MMP7/SFRP2/SOX9/SPP1/PLOD2/MFAP2/ELF3/
CCN2/SPINT2/CCDC80

BP GO:0098742  Cell-cell adhesion via plasma-membrane adhe- 8 0.011695026 ANXA3/EPCAM/FAT1/CLDN1/DSG2/CLDN7/

sion molecules CLDN12/PCDHB16

CcC GO:0005884  Actin filament 4 0.020148378 PLS3/MYO6/PLS1/PDLIM3

MF GO:0001968  Fibronectin binding 3 0.023328786  SFRP2/CCN2/CCDC80

CcC G0:0062023 Collagen-containing extracellular matrix 7 0.023568462 SFRP2/LGALS4/ASPN/MFAP2/CCN2/F3/CCDC80

MF GO:0003779 Actin binding 8 0.042702752  PLS3/BAIAP2L1/MYO6/PLST/ENC1/CGN/MLPH/
PDLIM3

MF G0:0002162  Dystroglycan binding 2 0.044071511  AGR2/AGR3

BP G0:0016338 Calcium-independent cell-cell adhesion via 3 0.047603714 CLDN1/CLDN7/CLDN12

plasma membrane cell-adhesion molecules

BP biological processes, CC cellular component, MF molecular functions

2The “Count” refers to the numbers of DEGs that were enriched in the corresponding functional category

A
GSE62165 GSE62452
DEGs remained to
be validated (84)
TCGA & GTEx DEGs remained to
be validated (46)

Fig. 5 Validation of DEGs between PDA and normal pancreatic tissue among TCGA, GTEx, and GEO datasets. A The intersection between the
84 DEGs in the GEO datasets and DEGs from the TCGA and GTEx datasets. Forty-six DEGs were identified after comparison of all three databases.
B Validation of these 46 DEGs with GSE62165 and GSE62452. Sixteen out of 46 DEGs were confirmed. DEG differentially expressed gene, PDA
pancreatic ductal adenocarcinoma, TCGA The Cancer Genome Atlas, GTEx Genotype-Tissue Expression, GEO Gene Expression Omnibus
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while SPARC (secreted protein acidic and rich in
cysteine) had a strong association with PLS3 expression
in PDA (Fig. 9B-D). These patterns were also confirmed
in TCGA PDA data (Fig. 9F-H). TCGA data revealed a
weak association between KRT19 (another PDA marker,
also known as CK19) with PLS3, while the GEO data-
set showed a moderate association (Fig. 9E, I). We also
performed Kaplan—Meier analysis. KRT7 was confirmed
to be associated with prognosis in PDA patients in both
datasets (Fig. 9], N). KRT19 and SPP1 were validated by
only one dataset (Fig. 9K, L, O, P). There was insufficient
evidence to confirm the association between SPARC
expression and OS in PDA patients (Fig. 9M, Q).

Validation of differential PLS3 expression in different tissue
specimens

We performed RT-qPCR analysis of PLS3 in ten PDA
samples, ten normal pancreas samples, five DLBCL sam-
ples, and five lymph node samples (Additional file 1:

Table S1). We found that the level of PLS3 mRNA in PDA
was significantly higher than that in normal pancreas,
DLBCL, and lymph node samples. PLS3 expression in
normal pancreas was higher than that in DLBCL and
lymph node samples. Intriguingly, PLS3 expression was
similar in DLBCL and lymph nodes (Fig. 10).

Discussion

In the current study, we bioinformatically analyzed the
DEGs among PDA, normal pancreas, DLBCL, and nor-
mal lymph node tissue samples by downloading the cor-
responding data from multiple online databases. We
narrowed our analysis for association with PDA prog-
nosis to those DEGs that occurred in all datasets, then
focused on PLS3 as a biomarker for the early diagnosis
of PDA, the prediction of prognosis, and differentiation
from DLBCL. Our current study identified a great num-
ber of DEGs among these tissue samples, and our inter-
sectional analysis narrowed them down to 84 DEGs,
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Table 5 Association of PLS3 expression with clinicopathological features in PDA patients from TCGA
Variables Cases (number, %) PLS3 level (number, %) P
High expression Low expression
N=83 N=84
Age (years)
<55 33(19.8) 20 (60.6) 13 (39.4%) 0.16
>55 134 (80.2) 63 (47.0) 71(53.0)
Histologic grade
G1/G2 117 (70.1) 57 (48.7) 60 (51.3) 0.69
G3/G4 50(29.9) 26 (52.0) 24 (48.0)
N classification
NO 47 (28.1) 20 (42.6) 27 (57.4) 0.24
N1 120 (71.9) 63 (52.5) 57 (47.5)
T classification
T1/T2 28(16.8) 12(429) 16 (57.1) 042
T3/T4 139(83.2) 71(51.0) 68 (48.9)
Gender
Female 76 (45.5) 37 (48.7) 39(51.3) 0.81
Male 91 (54.5) 46 (50.5) 45 (49.5)
Stage
Stage I/l 160 (95.8) 79 (494 81 (50.6) 0.68
Stage lIl/IV 7(4.2) 4(57.1) 3(429)

Table 6 Univariate and multivariate Cox regression analyses of clinicopathological features associated with survival in PDA patients

from TCGA
Parameter Univariate analysis Multivariate analysis
HR HR 95% CI P HR HR 95% ClI P
Age 1403 0.814-2416 0.121
Histologic grade 1424 0.919-2.205 0.113
N classification 2.180 1.283-3.706 0.004 1.864 1.042-3.332 0.036
T classification 1.838 0.948-3.562 0.071
Gender 0.781 0.514-1.187 0.247
Stage 0.802 0.253-2.546 0.708
PLS3 expression 1.566 1.028-2.385 0.037 1.635 1.059-2.524 0.026

HR hazard ratio, C/ confidence interval
Italicized value indicates P < 0.05

expression of which was significantly higher in PDA
than in the three other types of tissue samples. These 84
upregulated DEGs were related to six different GO terms
(the cell—cell junction, cell adhesion molecule binding,
apical part of the cell, lateral plasma membrane, and des-
mosome). Moreover, cross-analysis of the TCGA data on
178 PDA and 171 normal pancreas samples verified 46
upregulated DEGs, 16 of which were significantly over-
expressed in PDA; however, only five of these 16 DGEs
showed significant association with poor PDA prognosis,
and only PLS3 was further confirmed on R2 and ICGC
database analysis. Our multivariate analysis confirmed

that PDA N classification and PLS3 expression were inde-
pendently predictors for OS among patients with PDA.
PLS3 may also be used to diagnose PDA. In conclusion,
our current data demonstrate that the detection of PLS3
expression may be used effectively to diagnose PDA, to
predict OS in PDA patients, and to distinguish PDA from
DLBCL. However, future study is warranted to verify our
current data on the use of PLS3 as a biomarker for PDA.
PDA is one of the most malignant and lethal malig-
nancies, and early diagnosis is crucial in controlling this
deadly cancer. Surgical resection is the only method
proven to control PDA clinically. Nevertheless, DLBCL
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is usually treated with chemotherapy in the clinic. It is
very important to make a differential diagnosis between
PDA and pancreatic DLBCL because they have similar
clinical appearance and medical imaging [11, 12, 20].
Due to the anatomic location of the pancreas, it is diffi-
cult to access and has a risk of intraoperative injury, while
biopsy via surgery or laparoscopic surgery might not be
the best choice. The EUS-FNA (endoscopic ultrasound-
guided fine-needle aspiration biopsy) could be used to
take a biopsy of peripancreatic masses, but as an inva-
sive manipulation, the patients still have to take a risk of
postoperative complications. Besides, a technical obsta-
cle is an unavoidable issue [30]. By contrast, despite lower
accuracy, serum tumor marker is non-invasive and easier
to perform. To date, there have been numerous studies
investigating biomarkers for PDA, including single mark-
ers [31] multiple biomarker panels [32], and immune-
based proteomic panels [33]. For example, a recent study
of oral flora showed that specific phylotypes were associ-
ated with increased risk for developing PDA [34]. Other
recent work identified new-onset diabetes as a biomarker
for early pancreatic cancer [35, 36].

K-Ras is mutated or altered in 95% of all PDA cases; p16
is mutated or altered in 95%; p53 is mutated or altered
in 75%; Smad4 is mutated or altered in 55% [37]. Muta-
tions of any of these genes are associated with a poor
PDA prognosis [3]. Regarding PLS3, one recent study
that included 207 PDA tissue specimens showed that the
overexpression of PLS3 was associated with tumor stage

and pathology as well as poor OS in PDA patients. PLS3
was an independent prognostic factor in PDA patients
[14]. The authors’ in vitro data demonstrated that PLS3
expression induced PDA cell proliferation and invasion,
which were associated with increased PI3K/AKT activity
in PDA cells [14]. Our current data support these recent
reports of the role of PLS3 in PDA [14]. Nevertheless,
there have been a number of studies of PLS3 in other
human cancers, including gastric, colorectal, and breast
cancers, as well as cutaneous T-cell lymphoma and acute
myeloid leukemia [13-19].

PPL is an extremely rare form of malignant lymphoma
with histology characteristic of DLBCL. Similarly to
stage-matched DLBCL in the other organs, the condi-
tion can be treated with CHOP chemotherapy, which
achieves equivalent outcomes [8]. One previous case
report described the challenges in diagnosing DLBCL
with an intra-sinusoidal pseudoglandular growth that
mimicked poorly differentiated metastatic PDA in an
intra-abdominal lymph node [38]. It is difficult to dif-
ferentiate these DLBCLs from PDA [39, 40]. However,
our current study did not include a direct comparison
of the microarray data for PDA and the other three tis-
sue types. Instead, we performed indirect analyses of
differences in gene expression profiles between PDA
and each one of the three other types. We believe that
such analyses could be informative and the conclusion
was validated by qPCR (Fig. 10). Our current study
provided data on the differential diagnosis for PDA
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and DLBCL. We identified DEGs that were expressed
at significantly higher levels in pancreas, compared
with lymph nodes and DLBCL, including PLS3. PLS3
expression was also confirmed to significantly differ

between PDA and the pancreas, which was consist-
ent with a recent study of PLS3 in PDA [14]. Moreo-
ver, we applied bioinformatic methods to highlight the
potential role of PLS3 as an improved PDA marker with

(See figure on next page.)

Consortium. ****P <0.0001 and *** P <0.001 by Student’s t-test

Fig. 9 Correlation of PLS3 with other PDA markers. A Correlation heatmap reporting Spearman correlation values for each comparison. The bar on
the left represents the color legend of Spearman correlation values calculated for each paired PDA marker and PLS3 value. B-E The correlation of
PLS3 with KRT7, KRT19, SPP1, and SPARC in the batched GEO dataset. F, I The correlation of PLS3 with KRT7, KRT19, SPP1, and SPARC in TCGA. J-M
The Kaplan—-Meier curves and the log-rank test results of KRT7, KRT19, SPP1 and SPARC for PDA patients from TCGA. N-Q Kaplan—-Meier curves and
log-rank test results of KRT7, KRT19, SPP1 and SPARC for PDA patients from the R2 and ICGC. PDA pancreatic ductal adenocarcinoma, GEO Gene
Expression Omnibus, TCGA The Cancer Genome Atlas, R2 The R2 Genomics Analysis and Visualization Platform, ICGC International Cancer Genome
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Fig. 10 RT-qPCR validation of differential PLS3 expression in tissue
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RNA isolation, reverse-transcribed into cDNA, and then subjected to
qPCR. Data were quantified using the 27**“ method. ***P <0.001 and
*P <0.05 by ANOVA

differentially diagnostic value for DLBCL that a tradi-
tional tumor marker may not have.

We further verified the association of PLS3 expression
with other PDA biomarkers, like KRT7 and KRT19 [41],
and SPARC and SPP1. For example, SPARC was reported
to affect tumor cell proliferation and migration by acti-
vating PI3K/AKT signaling and the epithelial-mesenchy-
mal transition in liver, lung, and head and neck cancers
[42-44]. SPP1 was associated with the development of
gastric cancer [45]. However, their interaction in PDA
needs to be further investigated.

Overall, our current study has several advantages. We
used the best of our knowledge to assess PLS3 as a bio-
marker to aid in the differential diagnosis of PDA from
DLBCL. We endeavored to collect gene expression data
from multiple databases, ultimately obtaining a total
of 681 PDA, 361 normal pancreas, 69 DLBCL, and 14
lymph node samples, leading to a large sample size.
Measurements of PLS3 are feasible because PLS3 levels
can be detected in circulating tumor cells, indicating the
potential value of PLS3 as a serum tumor marker [17, 46,
47]. However, our current study does have some limita-
tions. For example, our current data did not allow for
conclusions as to whether PLS3 overexpression occurred
consistently in all PDA cells throughout our clinically
heterogeneous population. Moreover, low levels of PLS3
expression may prevent accurate PPL diagnosis because
of the inability to rule out the possibility of secondary
pancreatic lymphoma. In addition, our current study did
not include other types of pancreatic cancers, like neu-
roendocrine tumors, follicular lymphoma, and Hodgkin’s
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lymphoma. Again, technically, our filter criteria for DEGs
were extremely stringent, resulting in the inevitable loss
of some useful information. Our current study utilized
data from different online databases and datasets, lead-
ing to different numbers of cases and comparison groups,
which sometimes made comparisons difficult. For exam-
ple, we were only able to associate 16 DEGs (not 46 or 84)
with patient survival (because these 16 DEGs were veri-
fied in the MERAYV, GEO, and TCGA databases).

Conclusions

Our current study demonstrated that the detection of
PLS3 expression may be useful in diagnosing PDA, pre-
dicting PDA prognosis, and distinguishing PDA from
DLBCL. Further study will be needed to verify our cur-
rent data on PLS3 as a biomarker or even as a novel tar-
get for PDA therapy.
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