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PDPN is a prognostic biom
arker and correlated
with immune infiltrating in gastric cancer
Liya Hu, PhDa, Peng Zhang, PhDb, Wei Sun, PhDb, Lei Zhou, MDb, Qian Chu, PhDb,∗, Yuan Chen, MDb,∗

Abstract
Studies of PDPN in cancers have focused on the interactions with palates through the binding with CECL-2 which mainly express on
palates and immune cells, while little is known on its interactions with immune cells.
PDPN expression in cancers was analyzed through Oncomine, GEPIA, and TIMER database. Prognostic value (HR, P value from

log-rank test) was evaluated through Kaplan–Meier plotter and OncoLnc database. The correlations between PDPN and the
infiltrating levels of immune cells in different cancers, and diverse immune markers in gastric cancer were investigated through TIMER
database.
High PDPN expression predicted poor overall survival (OS) and post-progression survival (PPS) particularly in gastric cancer (OS

P= .0089; PPS P= .00085), especially among patients with Her-2 (+) and lymph node metastasis. In addition, PDPN was positively
correlated with infiltrating levels of immune cells, other than B cells in gastric cancer. However, PDPN showed more correlations with
immune markers of M2 type TAM (CD163, VSIG4, MS4A4A) and T cell exhaustion (TIM-3, TOX, and GZMB).
These findings all suggest that high PDPN predicts poor survival outcomes, especially for Her-2 (+) gastric cancer patients. Though

inducing M2 type TAM and T cell exhaustion, high PDPN can predict high levels of various immune cells infiltration in STAD. Those
correlations may bring new ideas to immunology treatment for gastric cancer patients who do not benefit from the existing immune
checkpoint inhibitors.

Abbreviations: BLCA = Bladder Urothelial Carcinoma, BRCA = Breast invasive carcinoma, CESC = Cervical squamous cell
carcinoma and endocervical adenocarcinoma, CI = Confidence interval, COAD = Colon adenocarcinoma, ESCA = Esophageal
carcinoma, GBM =Glioblastomamultiforme, HNSC =Head and Neck squamous cell carcinoma, HR =Hazard ratio, KICH = Kidney
Chromophobe, KIRC = Kidney renal clear cell carcinoma, KIRP = Kidney renal papillary cell carcinoma, LGG = Brain Lower Grade
Glioma, LIHC = Liver hepatocellular carcinoma, LUAD = Lung adenocarcinoma, LUSC = Lung squamous cell carcinoma, MESO =
Mesothelioma, OV =Ovarian serous cystadenocarcinoma, PAAD = Pancreatic adenocarcinoma, PCPG = Pheochromocytoma and
Paraganglioma, PRAD = Prostate adenocarcinoma, READ = Rectum adenocarcinoma, SKCM = Skin Cutaneous Melanoma, STAD
= Stomach adenocarcinoma, THCA = Thyroid carcinoma.

Keywords: cancer, immune infiltration, podoplanin, prognosis
Editor: Surinder Kumar.

Novelty and Impact Statements: PDPN is found to be over-expressed in STAD through Oncomine, TIMER and GEPIA database analysis, and it significantly predicts
poor prognosis through Kaplan–Meier plotter and OncoLnc database analysis. As CECL-2, the only endogenous receptor of PDPN, mainly expresses on immune cells
and plates. We further found out PDPN correlates with high immune infiltrating levels of various immune cells in STAD. However, high PDPN expression significantly
has moderate associations with the biomarker of M2 type TAM (CD163, VSIG4, and MS4A4A) and T cell exhaustion (T cell immunoglobulin domain and mucin domain-
3 [TIM-3]). These findings all suggest that high PDPN predicts poor survival outcomes and high level of immune cell infiltration in STAD, though inducing M2 type TAM
and T cell exhaustion. Those correlations may bring new ideas to immunology cancer treatment for gastric patients who do not benefit from the existing immune
checkpoint inhibitors.
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1. Introduction

Podoplanin (PDPN), which is known as Aggrus, PA2.26 antigen,
M2A, and T1a, was first reported in 1996. It is a mucin-type
transmembrane protein of 36- to 43-kDa, which is relatively
conserved between different species.[1] PDPN is found to express
on numerous normal cells, such as lung alveolar type I cells,
glomerular podocytes, choroid plexuses, osteoblasts, and some
types of neurons. Recent studies have shown that PDPN is also
expressed by malignant tumors, such as squamous cell carcino-
ma,[2,3] malignant mesothelioma,[4] and brain tumors.[5] It is
known as a specific marker for lymphatic endothelium[6] and is
proved to have a major impact on lymphangiogenesis. Besides,
clinical evidences have indicated that PDPN may play an
important role in epithelial to mesenchymal transition (EMT) in
many different cancer types,[7–9] because its function as a
sensitive immunohistochemistry marker of lymphovascular
invasion (LVI), which is usually recognized as a significant
prognostic factor strongly associated with potential lymph node
metastasis.[10] Whereas, its underlying mechanism is still
unknown. Given that the cytoplasmic tail of PDPN is extremely
short, and extracellular part is much longer,[6] many researchers
hypothesis that PDPNmediated interactions is more likely to act
through a receptor–ligand interaction way. C-type lectin
receptor-2 (CLEC-2) has been proved to be the only known
endogenic receptor of PDPN, which is highly expressed on both
platelets and immune cells such as tumor associated macro-
phages (TAMs), neutrophils and dendritic cells (DCs), and so
on.[11] However, this receptor–ligand interaction of PDPN has
only been extensively studied with regard to platelets.[12–14]

There is still little data on how PDPN involves in the interactions
with immune cells among cancers through the binding with
CLEC-2.
Gastric cancer (GC) is a malignant disease which ranks the top

leading cause of cancer-related death in the world.[15] Nowadays,
immunotherapy has become a new promising way for anti-cancer
therapy. Lung cancer and melanoma appears to benefit a lot from
immunotherapy for the promising anti-tumor effects, such as
programmed death-1 (PD-1), programmed death ligand-1 (PD-
L1) inhibitors and cytotoxic T lymphocyte associated antigen∗ 4
(CTLA4) inhibitors. However, those immunotherapies shows
poor clinical efficacy in GC.[16] Thus, there is an urgent need to
illuminate the immunophenotypes of tumor–immune interac-
tions and identify the novel immune-related therapeutic targets
especially in GC.
In this study, based on database analyzing, we tried to evaluate

the expression of PDPN and its correlation with prognosis among
different cancer patients. Moreover, we tried to investigate the
correlations of PDPN with tumor-infiltrating immune cells and
related immune markers under the different tumor microenvi-
ronment.
2. Methods

2.1. The mRNA expression of PDPN
2.1.1. Oncomine analysis. Oncomine database covers 65 gene
chip data sets, 4700 chips and 480 million gene expression data.
ThemRNA expression level of PDPN gene among various cancer
types was evaluated by Oncomine database (https://www.
oncomine.org/resource/login.html).[17] The threshold signifi-
cance is determined by: P-value of .05, fold change of 2, gene
rank of all and data type of mRNA.
2

2.1.2. GEPIA analysis. The online database Gene Expression
Profiling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.
cn/index.html) was utilized to evaluate the expression of PDPN in
different cancer types. GEPIA[18] is an interactive web that
includes 9736 tumors and 8587 normal samples from TCGA and
the GTEx projects, which analyse the RNA sequencing
expression. The median expression of PDPN mRNA on certain
tumor type and normal tissue were analyzed and draw out
through bar plot in GEPIA.

2.1.3. TIMER analysis. TIMER is a database incorporated
10,009 samples across 23 cancer types from The Cancer Genome
Atlas (TCGA) (https://cistrome.shinyapps.io/timer/).[19] The
expression of PDPN in different cancer types were analyzed
compared with normal tissues.
2.2. PDPN and clinic prognosis
2.2.1. Kaplan–Meier plotter database. The Kaplan–Meier
plotter database is capable to assess the effect of 54,000 genes
on survival in 21 cancer types. The largest datasets include breast
(n=6,234), ovarian (n=2,190), lung (n=3,452), and gastric (n=
1,440) cancer (https://cistrome.shinyapps.io/timer/).[20] The da-
tabase was based on the gene-chip and RNA-seq date from
Affymetrix microarrays. The relationship between PDPNmRNA
expression and survival outcome (overall survival [OS] and post
progression survival [PPS]) were assessed by Kaplan–Meier
plotter through the data of RNA-seq and gene chip, with a
follow-up time of 150 months for OS and 80 months of RPS,
respectively. The hazard ratio (HR) with 95% confidence
intervals and log-rank P value were evaluated.

2.2.2. OncoLnc database. OncoLnc provides the survival data
of 8647 patients of up to 21 cancers, along with RNA-seq
expression data of numerous gene performed by The Cancer
Genome Atlas (TCGA) (https://www.oncolnc.org/).[21] Survival
analyses of OS was performed within 21 cancers types according
to different PDPN mRNA expression level by Kaplan–Meier
plotter. The mean follow-up time was above 10 years, and Cox
P-value was analyzed.
2.3. PDPN and infiltrating level of immune cells and
immune marker sets

TIMER is a web resource for systematical evaluations of the
clinical impact of different immune cells in diverse cancer types
(https://cistrome.shinyapps.io/timer/).[22] First, the abundance of
six immune cell types: B cell, CD4 T cell, CD8 T cell, neutrophil,
macrophage and dendritic cell in the tumor microenvironment is
estimated. We analyzed the correlations between PDPN and
infiltrating levels of different immune cells in GC, including CD8+

T cells, CD4+ T cells, B cells, neutrophils, macrophages, and
dendritic cells. The gene expression levels against tumor purity
was displayed on the left-most panel.[23] The scatter plots
showing the purity-corrected partial Spearman’s correlation and
statistical significance. PDPN expression displayed with log2
RSEM, was set as the x-axis, and the infiltrating level were set as
the y-axis. Secondly, the gene markers of tumor-infiltrating
immune cells were analyzed including the markers of CD8+

T cells, T cells (general), B cells, monocytes, TAMs, M1
macrophages, M2 macrophages, neutrophils, natural killer
(NK) cells, dendritic cells (DCs), T-helper 1 (Th1) cells, T-helper
2 (Th2) cells, follicular helper T (Tfh) cells, T-helper 17 (Th17)
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cells, Tregs, and exhausted T cells.[24–26] These gene markers are
referenced in prior studies.
2.4. Statistical analysis

Survival curves were generated through analysis onOncoLnc and
Kaplan–Meier plots. P-values, fold changes, and ranks were
displayed on Oncomine database analysis. HR and P value or
Cox P-values from a log-rank test were displayed through
analysis of Kaplan–Meier plots, and OncoLnc database. The
correlations of PDPN expression with clinical characteristics
were evaluated by Spearman’s correlation and statistical
significance, and the strength of the correlation was determined
using the following guide for the absolute value: 0.00–0.19 “very
weak,” 0.20–0.39 “weak,” 0.40–0.59 “moderate,” 0.60–0.79
“strong,” 0.80–1.0 “very strong.” P< .05 were considered
statistically significant. The cancer center ethics committee’s
approval in Tongji Hospital was granted for the study.
3. Results

3.1. The mRNA expression of PDPN in different types of
cancers

The PDPNmRNA expression among various cancers and related
para-carcinoma tissues was analyzed through Oncomine data-
base and GEPIA (Fig. 1). In Oncomine database (Fig. 1A), PDPN
was significantly over-expressed in GC, central nervous system
(CNS) cancer, colorectal cancer, esophageal cancer, head and
neck cancer, and pancreatic cancer. In addition, PDPN was
significantly lowly expressed in bladder cancer, lung cancer,
myeloma, ovarian cancer, and prostate cancer. In GEPIA
database (Fig. 1B), among 31 cancer types, PDPN was highly
expressed in Stomach adenocarcinoma (STAD), colon adenocar-
cinoma (COAD), Diffuse Large B-cell Lymphoma (DLBC),
Figure 1. PDPN expression levels in different types of human cancers. (A) PDPN
tissues from Oncomine database. The numbers in the colored squares indicate the
levels of PDPN in those studies, among which red represents high expression a
expression is. The darker the blue color, the lower the expression is. According t
system (CNS) cancer, colorectal cancer, esophageal cancer, head and neck canc
cancer, lung cancer, myeloma, ovarian cancer, and prostate cancer. (B) PDPN
represents the median expression of certain tumor type or normal tissue. PDPN
SARC, STAD, and TGCT, which is consistent with the results from Oncomine da
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Esophageal carcinoma (ESCA), Glioblastoma (GBM), Head and
Neck squamous cell carcinoma (HNSC), low-grade glioma
(LGG), Lung squamous cell carcinoma (LUSC), Pancreatic
adenocarcinoma (PAAD), andRectum adenocarcinoma (READ).
Those results were further confirmed by mRNA-seq data

through TIMER database (Supplementary Figure 1, http://links.
lww.com/MD/E124). The different expressions between tumors
and paracarcinoma tissues were compared. PDPN is also
significantly over-expressed in STAD. PDPN is significantly
highly expressed in COAD, ESCA, HNSC, READ, and STAD
and significantly lowly expressed in breast invasive carcinoma
(BRCA), bladder urothelial carcinoma (BLCA), Kidney renal
clear cell carcinoma (KIRC), Kidney renal papillary cell
carcinoma (KIRP), Lung adenocarcinoma (LUAD), Prostate
adenocarcinoma (PRAD), Thyroid carcinoma (THCA), and
Uterine Corpus Endometrial Carcinoma (UCEC).
The results in three databases showed consistent results of high

PDPN expression among COAD, ESCA, HNSC, and STAD. In
summary, PDPN was highly expressed in GC confirmed by 3
databases (Oncomine, TIMER, and GEPIA database).
3.2. PDPN and clinic prognosis of STAD

The potential prognosis value of PDPN among different cancer
types, especially in GC, was investigated through Kaplan–Meier
plotter database (Fig. 2) and verified by OncoLnc database
(Supplementary Figure 2A, http://links.lww.com/MD/E125 and
2B, http://links.lww.com/MD/E126). First, through Kaplan–
Meier plotter database analysis in GC, PDPN expression was
significantly correlated with OS and post-progression survival
(PPS) in GC. High expression of PDPN predicts poor prognosis
among the samples of 876 GC patients (OS n=876, HR=1.27,
95% CI=1.06–1.51, P= .0089; PPS n=499, HR=1.45, 95%
CI=1.17–1.81, P= .00085) (Fig. 2A and B). This result was more
obvious especially in Her-2 (+) GC patients (OS n=344, HR=
expression level in data sets of different cancer types compared with normal
number of the involved studies. Different colors represent different expression
nd blue represents low expression. The darker the red color, the higher the
o these results, PDPN was over-expressed in gastric cancer, central nervous
er, and pancreatic cancer. In addition, PDPN was lowly expressed in bladder
expression levels in different types of cancer from GEPIA. The height of bar
is also highly expressed in COAD, ESCA, GBM, HNSC, LUSC, PAAD, READ,
tabase.
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Figure 2. Kaplan–Meier survival curves comparing the high and low expression of PDPN in Gastric cancer (A–F) in the Kaplan–Meier plotter databases. (A and B)
OS and PPS survival curves of gastric cancer (n=876, n=499). (C and D) OS and PPS survival curves of Her-2(+) gastric cancer (n=344, n=165). (E and F) OS and
PPS survival curves of Her-2 (�) gastric cancer (n=532, n=334). Related medium OS and PPS are displayed in Supplementary Table 1, http://links.lww.com/MD/
E122. Those all suggested that PDPN expression may be a potential prognosis marker for STAD, especially for Her-2 (+) gastric cancer patients.
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1.69, 95% CI=1.3–2.19, P=6.1E�05; PPS n=165, HR=1.71,
95% CI=1.21–2.43, P= .0021) (Fig. 2C and D). While in Her-2
(�) GC patients, PDPN only showed significant correlations with
PPS (PPS n=334, HR=1.52, 95% CI=1.13–2.03, P= .0047),
while it has no significant correlations with OS (OS n=532,
HR=1.21, 95% CI=0.95–1.55, P= .13) (Fig. 2E and F).
Moreover, in Supplementary Table 1, http://links.lww.com/
MD/E122, we could see that the medium OS (mOS) among
GC patients with high PDPN expression was 3.5-month shorter
than those with low PDPN expression patients. Notably, among
Her-2 (+) GC patients, the mOS difference reaches to 9.3 months
between high PDPN group (17.5 months) and low PDPN group
(26.8 months). Similarly, mPPS (medium PPS) is 2.5 months
shorter among GC patients with high PDPN expression, while
mPPS is 4 month shorter among Her-2 (+) GC patients with high
PDPN expression.
To further confirm those results, OncoLnc was utilized to

evaluate the prognostic value of PDPN among different cancer
types (Supplementary Figure 2B, http://links.lww.com/MD/
E126). In OncoLnc database, the results were consistent that
high PDPN expression has significant poor prognosis in STAD
(OS P= .00709). While in other cancer types in OncoLnc
database, there showed no correlations with survival time. It all
suggested that PDPN expression may be a potential prognosis
marker for STAD, especially in Her-2 (+) patients.
3.3. High PDPN expression impacts the prognosis of GC
especially in patients with Her-2 (+) and lymph node
metastasis

We then evaluated the correlations between PDPN expression
with clinical features in STAD in Kaplan–Meier plotter database
(Table 1). From the results of our study, high PDPN mRNA
Table 1

Correlation of PDPNmRNA expression and clinical prognosis in gastri
plotter.

Clinicopathological characteristics

Overall survival (n=882

N Hazard ratio (95%CI)

Sex
Female 236 1.36 (0.96–1.93)
Male 545 1.27 (1.02–1.6)

Stage T
2 241 1.97 (1.28–3.02)
3 204 0.77 (0.54–1.09)
4 38 3.11 (1.04–9.27)

Stage N
0 74 1.68 (0.74–3.82)
1+2+3 422 1.46 (1.11–1.91)

Stage M
0 444 1.34 (1–1.78)
1 56 1.94 (1.08–3.48)

Lauren classification
Intestinal 320 1.45 (1.03–2.03)
Diffuse 241 1.16 (0.79–1.69)

Differentiation
Poor 165 0.71 (0.48–1.06)
Moderate 67 1.59 (0.81–3.12)

Her-2 status
Her-2 negative 532 1.21 (0.95–1.55)
Her-2 positive 344 1.69 (1.3–2.19)

Bold fonts represent P< .05.
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expression predicts poor OS and PPS among different clinical
features. It is worth noting that high PDPN mRNA expression
predicts poor OS and PPS especially in intestinal type of
LAUREN classification (OS HR=1.45, P= .032; PFS HR=1.71,
P= .004). However, it has no significant correlations with diffuse
classification. Besides, PDPN also predicts poor prognosis of OS
and PFS in positive lymph node metastasis (N1+2+3) (OS N1+2
+3 HR=1.46, HR=0.0067; PFS HR=1.48, HR=0.0043),
which may indicates its important role in lymph node metastasis
in GC. For distance metastasis, PDPN expression correlates
with OS of M1 gastric patients (OS M1 HR=1.94, P= .024),
which may suggested the predicative role of PDPN in distance
metastasis in GC. Of note, high PDPN expression was
significantly correlated with OS and PFS among Her-2 (+) GC
patients (OS HR=1.69, P=6.10E�05; PFS HR=2.16, P=
1.50E�06). Together, all those results showed that GC with high
PDPN expression may significantly correlated with higher risk of
lymph node metastasis and distance metastasis. In summary, the
prognostic role of PDPN is more significant especially in Her-2
(+) GC patients or patients with metastasis.
3.4. PDPN expression is correlated with immune
infiltration in GC

Through survival analysis, we have demonstrated the prognostic
value of PDPN in GC. Since CLEC-2, as the only endogenic
receptor of PDPN, mainly expresses in immune cells, we wanted
to explore whether PDPN would interacts with CLEC-2 on
immune cells in GC. The associations between PDPN expression
and the infiltrating level of immune cells among 19 cancer types
were then evaluated through TIMER database. Tumor purity is
an important factor that influences the analysis of immune
infiltration in clinical tumor samples by genomic approaches.
c cancer with different clinicopathological factors by Kaplan-Meier

) Progression-free survival (n=646)

P N Hazard ratio (95%CI) P

.087 201 1.5 (1.03–2.18) .035

.035 438 1.44 (1.12–1.84) .004

.0016 239 1.86 (1.23–2.82) .003

.14 204 0.71 (0.51–0.99) .046

.033 39 3.11 (1.15–8.43) .02

.21 72 1.82 (0.8–4.13) .15

.0067 423 1.48 (1.13–1.94) .0043

.05 443 1.34 (1.02–1.77) .036

.024 56 1.49 (0.83–2.7) .18

.032 263 1.71 (1.18–2.48) .004

.45 231 1.28 (0.88–1.86) .19

.096 121 0.76 (0.48–1.22) .26

.18 67 1.85 (0.97–3.56) .06

.13 408 1.22 (0.93–1.61) .15
6.10E�05 233 2.16 (1.57–2.99) 1.50E�06

http://links.lww.com/MD/E122
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Figure 3. Correlations of PDPN expression with immune infiltration level in STAD (stomach adenocarcinoma). PDPN expression is significantly negatively related to
tumor purity and B cell, and it has significant positive correlations with infiltrating levels of CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells
in gastric cancer (n=457).

Hu et al. Medicine (2020) 99:19 Medicine
PDPN was found to correlate with 13 cancers of B cell
infiltration, 13 cancers of CD8+ T cell infiltration, 12 cancers
of CD4+ T cell infiltration, 15 cancers of macrophage infiltration,
15 cancers of neutrophil, and 19 cancers of dendritic cell
infiltration (Supplementary Table 2, http://links.lww.com/MD/
E123, Fig. 3 and Supplementary Figure 3, http://links.lww.com/
MD/E127).
We found that PDPN was correlated with all those immune

cells (B cell, CD8+ T cells, CD4+ T cells, macrophage, neutrophil,
DCs) in BLCA, BRCA, LGG, LIHC, KIRC, PAAD and STAD
(Supplementary Figure 3, http://links.lww.com/MD/E127 and
Supplementary Table 2, http://links.lww.com/MD/E123, ). In
STAD, PDPN expression has significant correlations with all
immune cell infiltration levels (Fig. 3A and B). Specifically
speaking (Fig. 3A), PDPN expression is negatively related to B cell
infiltration (r=�0.179, P=5.66E�04), and it has significantly
positive correlations with infiltration of CD8+ T cells (r=0.228,
P=9.03E�06), CD4+ T cells (r=0.138, P=8.38E�03), macro-
phages (r=0.46, P=8.21E�21), neutrophils (r=0.355, P=
1.98E�12), and dendritic cells (r=0.382, P=1.87E�14). We
could imply that high PDPN expression in GC can predict poor
prognosis, even though with high infiltrating level of various
immune cells.
3.5. Correlations between PDPN expression and immune
marker sets in GC

To find out why PDPN associates with high immune cell
infiltration while predicts poor survival in GC, the correlations
between PDPN expression and typical markers of different types
of immune cells were carried out through TIMER database,
including CD8+ T cell, T cell (general), B cell, monocyte, tumor
associate macrophage, M1 macrophage, M2 macrophage,
neutrophils, natural killer cell, dendritic cell (Table 2). Moreover,
we also evaluated the makers of different types of functional T
cells, such as Th1, Th2, Tfh, Th17, Treg, and T cell exhaustion
(Table 2).
In GC, we found PDPN expression showed no significant

correlations with NK cell markers, CD8+ T cell markers, some of
M1 macrophage cell markers (NOS2) and Th1, Th2 cell markers
(IFN-g). Besides, PDPN showed very week or week correlations
with immune cell markers such T cell, B cell, M1 macrophage,
and so on. However, we noticed that PDPN showed significantly
moderate correlations with monocyte (ITGAM), TAM markers
(CCL2 and IL10), M2 type TAM markers (CD163, VSIG4, and
MS4A4A), and DC markers (NRP1 and ITGAX). Notably,
among markers of functional T cells, PDPN have significantly
moderate correlations with Treg markers sets (CD39, TGF-b).
Notably, we also found in T cell exhaustion markers, TIM-3 has
6

a significant moderate correlation with PDPN expression. Those
results indicated that high PDPN plays an important role in
inducing M2 type TAM and T cell exhaustion. Thus, it explains
why PDPN predicts poor survival in GC even with high
infiltrating levels of immune cells.
4. Discussion

Cancer immunotherapies, especially in blocking immune check-
points, have received considerable attention among various
tumor types. However, the development of immunotherapy in
GC appears to have little progress compared with lung cancer
and melanoma. There is an urgent need to find more potential
biomarkers in the immunotherapies of GC.
Through our results, PDPN could be a new prognosis

biomarker in GC, especially among Her-2 (+) and metastasis
cancer patients. In Sakai T’s study,[27] among 117 GC patients,
they found high expression of PDPN was associated with LN
metastasis in T1 early stage of GC. And Raica M[28] also showed
that PDPN-positive GC cells select a subgroup of tumors with
high potential of invasion andmetastasis among 11 advanced GC
cases. We further clarified the predicative role of PDPN in
survival of GC, especially among Her-2 (+) GC through large
sample size analysis. Evidence also showed that PDPN may
involve in EMT process and lymph node metastasis.[29] For
instance, in cutaneous squamous cell carcinoma (cSCC), PDPN is
significantly unregulated in metastatic (P= .002). Furthermore,
PDPN has been known as the specific marker for lymphatic
vessels, for its role in lymphangiogenesis.[30] Ezrin and moesin,
which belong to the ERM (ezrin, radixin, and moesin) protein
family, could bind with the cytosolic domain of PDPN, and then
rearrange the actin cytoskeleton, which involves in lymphangio-
genesis, lymph node metastasis and EMT.[31] Those evidence all
suggested that PDPN may involved in the EMT process and play
an vital prognosis role in GC, though the underlying mechanism
is still unknown.
In fact, the protein of PDPN does not have known functional

domains or enzymatic activities.[32] Given that the cytoplasmic
tail of PDPN is extremely short, and extracellular part is much
longer,[6] researchers hypothesis that PDPN mediated interac-
tions is more likely to act through a receptor–ligand interaction
way. CLEC-2, as the only endogenous receptor of PDPN, was
highly expressed in platelets and immune cells.[33] The
interactions between CLEC-2 and PDPN has been extensively
studied in platelets. For instance, Lowe confirmed that PDPN
could promote tumormetastasis through the binding with CLEC-
2 on platelets.[12] However, the evidence of this interaction
between PDPN-expressing cancer cells and immune cells has not
been addressed. From our results, we found that PDPN showed
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Table 2

Correlation analysis between PDPN and relate genes and markers
of immune cells in TIMER in STAD.

STAD
None Purity

Description Gene markers Cor P Cor P

CD8+ T cell CD8A 0.14
∗

0.095 .07
CD8B 0.024 .62 �0.005 .93

T cell (general) CD3D 0.222
∗∗∗

0.16
∗

CD3E 0.188
∗∗

0.117
∗

CD2 0.237
∗∗∗

0.181
∗∗

B cell CD19 0.188
∗∗

0.154
∗

CD79A 0.258
∗∗∗

0.202
∗∗∗

Monocyte CD86 0.455
∗∗∗

0.404
∗∗∗

CD115 (CSF1R) 0.447
∗∗∗

0.414
∗∗∗

TAM CCL2 0.517
∗∗∗

0.476
∗∗∗

CD68 0.343
∗∗∗

0.29
∗∗∗

IL10 0.442
∗∗∗

0.407
∗∗∗

M1 macrophage INOS (NOS2) 0.092 .06 0.081 .11
IRF5 0.146

∗
0.14

∗

COX2 (PTGS2) 0.409
∗∗∗

0.415
∗∗∗

M2 macrophage CD163 0.419
∗∗∗

0.38
∗∗∗

VSIG4 0.462
∗∗∗

0.439
∗∗∗

MS4A4A 0.428
∗∗∗

0.405
∗∗∗

Neutrophils CD11b (ITGAM) 0.429
∗∗∗

0.41
∗∗∗

CD66b (CEACAM8) �0.018 .72 0.012 .82
CCR7 0.251

∗∗∗
0.189

∗∗∗

Natural killer cell KIR2DL1 0.073 .14 0.086 .09
KIR2DL3 0.036 .46 0.025 .62
KIR2DL4 0.049 .32 0.009 .86
KIR3DL1 0.033 .50 0.018 .73
KIR3DL2 0.061 .21 0.034 .51
KIR3DL3 �0.041 .40 �0.028 .58
KIR2DS4 0.023 .65 0.033 .52

Dendritic cell HLA-DPB1 0.245
∗∗∗

0.174
∗∗

HLA-DQB1 0.165
∗∗

0.097 .06
HLA-DRA 0.214

∗∗∗
0.158

∗

HLA-DPA1 0.215
∗∗∗

0.156
∗

BDCA-1 (CD1C) 0.283
∗∗∗

0.231
∗∗∗

BDCA-4 (NRP1) 0.448
∗∗∗

0.416
∗∗∗

CD11c (ITGAX) 0.434
∗∗∗

0.383
∗∗∗

Th1 T-bet (TBX21) 0.145
∗

0.102
∗

STAT4 0.228
∗∗∗

0.173
∗∗

STAT1 �0.019 .70 �0.048 .36
IFN-g (IFNG) 0.049 .32 0.019 .72
TNF-a (TNF) 0.251

∗∗∗
0.198

∗∗

Th2 GATA3 0.21
∗∗∗

0.183
∗∗

STAT6 �0.034 .49 �0.045 .38
STAT5A 0.22

∗∗∗
0.214

∗∗∗

IL13 0.174
∗∗

0.192
∗∗

Tfh BCL6 0.256
∗∗∗

0.204
∗∗∗

IL21 0.119
∗

0.086 .10
Th17 STAT3 0.276

∗∗∗
0.258

∗∗∗

IL17A 0.086 .08 0.053 .31
Treg FOXP3 0.245

∗∗∗
0.202

∗∗∗

CCR8 0.313
∗∗∗

0.291
∗∗∗

STAT5B 0.261
∗∗∗

0.267
∗∗∗

IL2RA 0.36
∗∗∗

0.32
∗∗∗

CD39 (ENTPD1) 0.565
∗∗∗

0.54
∗∗∗

TGFb (TGFB1) 0.484
∗∗∗

0.457
∗∗∗

T cell exhaustion PD-1 (PDCD1) 0.114
∗

0.077 .13
CTLA4 0.113

∗
0.064 .22

LAG3 0.138
∗

0.095 .07
TIGIT 0.176

∗∗∗
0.136

∗

TIM-3 (HAVCR2) 0.434
∗

0.4
∗∗∗

TOX 0.228
∗∗∗

0.214
∗∗∗

GZMB 0.179
∗∗

0.115
∗

Cor=R value of Spearman’s correlation, none= correlation without adjustment, purity=correlation
adjusted by purity, STAD= stomach adenocarcinoma, TAM= tumor-associated macrophage, Tfh=
Follicular helper T cell, Th=T helper cell, Treg= regulatory T cell.
∗
P< .05.

∗∗
P< .001.

∗∗∗
P< .0001.
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an important role in immune infiltration or polarization because
of significantly positive correlations with high infiltrating levels of
various immune cells (Fig. 3A). However, it showed that PDPN
has no significant correlations with B cell infiltration. We
assumed that it maybe because CLEC-2 is mainly expressed on
platelets andmyeloid immune cells, such as DCs, macrophages, T
cells, and neutrophils,[34] while it has pretty low expression on B
cells.
Among those, PDPN has the highest correlations with

macrophage (Cor.=0.46) and DCs (Cor.=0.384) infiltration
in STAD. Consistent with this, PDPN is also significantly
correlated with all 7 markers of DC cells, especially with NRP1
and ITGAX. In non-cancerous diseases, Acton had demonstrated
that PDPN, expressing in lymphatic endothelial, interacts with
CLEC-2 in DCs to promote DC motility.[35] Conversely, siRNA
knock down or genetic deletion of PDPN also resulted in
impaired DC migration in vivo in inflammatory disease.[6]

Unfortunately, though DCs functions as the most powerful
antigen-presenting cells (APCs), which could activate the anti-
tumor effect of T cells, PDPN has no significant correlations with
all NK cell markers. Besides, PDPN could aggregate macrophages
infiltration, and it was significantly positively correlated with
tumor associated macrophage (TAM)marker sets (CCL2, CD68,
and IL10), especially M2 type macrophages markers (CD163,
VSIG4, andMS4A4A). As the main participants of tumor related
inflammation, TAM has vital role in promoting tumor
proliferation and migration, immune suppression, and formation
of new blood vessels during cancer development.[36] Of which,
M1 type macrophages are mainly related to tumor cell
identification and attacking, and M2 type is mainly involved
in immunosuppression and tumor progression. Macrophages in
tumor environments, is influenced by chemotaxis and constantly
raised from peripheral circulation. So, we hypothesis that PDPN
may participate in the process of M2 type TAM infiltration.
Thereby, inhibition of PDPNmay reduce the infiltration of TAM,
especially the M2 TAM infiltration, thus, improve T cell
response, which may become a new thought for immunotherapy.
In non-cancer diseases, Rayes J has found deletion of PDPN
reduces PDPN-dependent inflammatory macrophage migration
to the infected peritoneum. Moreover, pharmacological inhibi-
tion of the CLEC-2-PDPN interaction could reduce macrophage
infiltrating to the infection site and regulates their inflammatory
phenotype in sepsis.[37] All those evidence defines the function of
PDPN as a novel biomarker targeting the regulation of
macrophage infiltration. However, all those evidence were
among non-cancer studies, further studies need be done on the
underlining infiltrating mechanism in tumors, especially in
STAD.
Apart from those, PDPN was also positively correlated with T

cell infiltration and T cell marker sets. Whereas, we found that
marker sets of T cell exhaustion (TIM-3, TOX, GZMB, and
TIGIT) were significantly correlated, especially for TIM-3 with
the highest correlations. TIM-3 is a kind of inhibitory molecules
in T cell surface that can cause CD8+ T cell exhaustion (exhausted
CD8+ T cells, TEX) in cancers and chronic infections.[38,39] As
CTLA-4 and PD-1, TOX is one of the most popular immune
treatment targets, E. John Wherry found that TOX+ cells also
express inhibitory receptors like PD-1, TIGIT, LAG3, and
CD160.[39] They discovered that TOX is the main molecules that
regulating TEX differentiation from the level of transcription and
epigenetics. In our study, high expression of PDPN also has
significantly moderate correlations with TIM-3 and week
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correlations with TOX, indicating that PDPN’s potential role in
inducing TEX though TIM-3- and TOX-mediated pathway, thus,
facilitate why high PDPN expression correlates with high
infiltrating level of immune cells but predicts poor survival in
GC. This correlation may bring new ideas to immunology
treatment for GC patients who do not benefit from the existing
immune checkpoint inhibitors.
However, it should be noted that our study have several

limitations. On the one hand, data were collected retrospectively,
though they are based on a large sample size from database
analysis. More prospective clinical trials are needed. On the other
hand, our results only provided indications for the important role
of PDPN in the immune environment in GC. However, more vivo
and vitro experiments are still needed for further verification on
the underlying mechanism of interactions between PDPN and
specific immune marker sets and immune cells.
5. Conclusion

In this study, we report that PDPN was highly expressed in
STAD, which further predicts poor survival outcomes, especially
for Her-2 (+) GC patients. Moreover, our study provides insights
that high PDPN can predict high levels of various immune cells
infiltration in STAD, though inducing M2 type TAM and T cell
exhaustion. Therefore, PDPN may become an emerging cancer
biomarker and therapeutic target for GC patients, especially for
patients with Her-2 (+).
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