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Abstract

Background: Pancreatic cancer (PC) is one of the most common digestive malignancy, with severe
cancer-related death and disease burden. Yes-associated protein 1 (YAPI) has been reported to be
involved in the tumorigenesis and progression of several cancers, thus leading to poor prognosis of
patients. However, the relationship between YAPI] and immune microenvironment in PC deserve more
scrutiny.

Methods: GEPIA, Oncolnc, PROGgeneV2 and HPA database were utilized to analyze the expression
(transcriptome and protein levels) and overall survival of YAPI in PC. Then, we evaluated the risk factors
associated with overall survival based on public data from TCGA-PAAD via Cox regression. Besides,
LinkedOmics was utilized to identify co-expression genes and the potential regulation network of YAPI.
Furthermore, we explored the relationship between YAPI and immune infiltration using CIBERSORT
algorithm and GEPIA database.

Results: The age, lymph node metastasis status and up-regulated YAP1 expression have been proved to
be independent prognostic factors for poor prognosis. The functions of YAPI and co-expression genes
were mainly involved in the angiogenesis, immune response-regulating signaling pathway, regulation of
actin cytoskeleton, NOD-like receptor signaling pathway and cytokine-cytokine receptor interaction.
Specifically, increased YAP1 expression was significantly correlated with immune infiltrating levels of
resting CD4+T cells.

Conclusions: Our findings provide evidence of the immune regulatory role of YAPI in PC and help
elucidate the role of YAPI in carcinogenesis as well.
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Introduction

Pancreatic cancer (PC) is one of the most
common digestive malignancy, with severe cancer-
related death and disease burden [1,2]. Although
various new diagnoses and treatments have been
achieved for the management of PC, the prognosis

remains unsatisfactory due to the late detection,
chemotherapeutic resistance and postoperative
recurrence [3-5]. Recently, some therapeutic targets in
PC, especially kinase and immune checkpoint
inhibitors, have been found with clinical significance
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[6]. However, these therapeutic targets played a
limited role in PC management, and only BRCA-
mutant pancreatic cancers have confirmed favorable
response to Olaparib [7]. Therefore, identification of
more promising therapeutic targets for PC could
facilitate individualized treatment.

Yes-associated  protein 1  (YAP1), the
transcriptional effector of the Hippo signaling
pathway, acts as a potential oncogene in various types
of malignant tumors [8-12]. Previous studies have
indicated dynamics of YAP1 expression could
promote malignant transformation, enhance the
expansion of several cancer stem-like cells and
chemotherapy drug resistance [13]. Through
pharmacologic or genetics inhibition of YAP1 could
not only suppress malignant transformation of
relevant cancers but also provide an improved
measure of drug sensitivity to chemotherapy [13].
These results suggested that targeting YAP1 might be
a novel therapeutic strategy. However, the unique
immunosuppressive microenvironment and poor T
cell infiltration have become underlying challenges in
the treatment of PC, thus leading to its lethality
[14,15]. Although several immunotherapies such as
immune checkpoint blockade or engineered T cells
could be the promising strategies to PC, there was no
substantial improvement in the treatment of PC
[16,17]. Thus, the relationship between YAP1 and
immune microenvironment in PC deserve more
scrutiny.

In this study, we performed a systematic
analysis of the potential value of YAP1 in PC. GEPIA,
OncoLnc, PROGgeneV2 and HPA database were
utilized to analyze the expression and overall survival
of YAP1. Meanwhile, the correlation of YAP1 with the
prognosis of PC was further evaluated based on
public data from TCGA via Cox regression analysis.
To better understand YAP1 co-expression genes and
potential regulation network that could underlie PC
development, we performed LinkedOmics analysis
along with Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG).
Furthermore, we explored the relationship between
YAP1 and tumor immune infiltration using
CIBERSORT algorithm and GEPIA database. Our
results could provide a fresh perspective on the
mechanisms underlying PC.

Materials and Methods

Data download and preprocessing

The mRNA expression profiles (HTSeq — FPKM)
and corresponding clinical data of 178 patients were
extracted from TCGA data portal with the closing
date of 25 April 2020. Subsequently, we conducted

data preprocess to obtain complete clinical
information for further investigation. Finally, 172
cases with eligible clinical information were
performed to univariate and multivariate regression
analysis.

YAP1 expression and overall survival analysis
of PC by GEPIA, PROGgeneV2 and HPA

GEPIA  (http://gepia.cancerpku.cn/)  and
OncoLnc (http:/ /www.oncolnc.org) are public online
databases for visualization and analysis of the
standard genomic datasets from the TCGA and/or
the GTEx projects [18,19]. In this study, the correlation
between such as gene expression analysis,
clinicopathological factors analysis and overall
survival analysis of YAP1 was assessed in patients
with PC. GSE57495 was performed to validate the
outcomes via the PROGgeneV2 platform [20]. The
HPA database (www.proteinatlas.org) was utilized to
analyze the protein expression of YAP1 between
healthy control and pancreatic cancer as
measurements of RNA levels [21].

Interrelated pathways analysis of YAP1 and its
co-expression genes by LinkedOmics and
GeneMINIA

LinkedOmics (www.linkedomics.org) is a
unique online analytical platform to provide
comprehensive multi-omics data analysis [22]. The
TCGA-PAAD datasets and corresponding clinical
data were obtained firstly. Subsequently, the Link
Finder module based was utilized to analyze the
co-expression genes of YAP1 in PC with FDR of 0.05.
GSEA was performed to enrichment analysis of YAP1
co-expression genes in PC, with a minimum number
of genes (size) of 3, the simulation of 1000 and an FDR
of 0.05. Finally, GeneMINIA was utilized to construct
the PPI network and detect the fundamental functions
of these genes [23].

Immune landscape related to YAPI
expression level

CIBERSORT was utilized to evaluate the
relevance of gene expression and 22 tumor-infiltrating
immune cells (TIICs) in cancer [24]. The tumor
samples were divided into a low expression group
(YAP1lw) and a high expression group (YAP1high)
based on the median expression of YAP1. The
screening  criteria were determined as 1000
permutation and P-value < 0.05, respectively.
Afterward, the fractions of immune cells produced by
CIBERSORT  were subsequently analyzed.
‘Correlation” immune-related module of GEPIA was
used to validate the outcomes.
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Statistical analysis

The analyses were conducted using the ‘R’
software (version 3.6.3). The wunivariate and
multivariate Cox regression analysis was performed
to identify overall survival-related risk factors in the
TCGA-PAAD projects. P-value < 0.05 was considered
to have significant statistical significance.

Results

High expression of YAPI correlated with
unfavorable prognosis in patients with PC

As shown in Fig. 1A, YAP1 expression was
notably higher in the PC compared to normal tissues
(P-value < 0.05). In addition, increased expression of
YAP1 was markedly correlated with the advanced
pathological stage (Fig. 1B, P-value < 0.001) and poor
overall survival (Fig. 1C). The same overall survival
analysis result of GSE57495 was verified on the
PROGgeneV2 platform (Fig. 1D). Moreover,
univariate Cox regression analysis indicated that the T
stage, lymph node status and the expression of YAP1
are notably correlated with overall survival (Table 1).
In multivariate Cox analysis (Table 1, Fig. 2), the age,
lymph node metastasis status and up-regulated YAP1
expression are independent prognostic factors of poor

prognosis.

Table 1. Univariate and Multivariate Cox regression analyses of
clinical characteristics and survival in patients with PC

Clinical Univariate analysis Multivariate analysis

variable HR (95%CI) P-value HR (95%ClI) P-value
Age 1.353 (0.853-2.145) 0199  1.686 (1.030-2.758)  0.038
Gender 1.214 (0.804-1.834) 0356 1.139 (0.751-1.728)  0.540
Stage 1.318 (0.901-1.928) 0.155  0.530(0.171-1.639)  0.270

T 1.569 (1.013-2.432) 0.044  1.367(0.709-2.635)  0.350
N 2.324 (1.380-3.912) 0.002 2142 (1.096-4.187)  0.026
M 0.905 (0.285 -2.871) 0.866  3.08 (0.335-28.397)  0.320
YAP1 1.052 (1.025-1.080) <0.001 1.057 (1.025-1.089)  <0.001

Co-expression genes of YAP1 and relevant
enrichment analysis in patients with PC

To further clarify the significance of YAP1 in PC,
we analyzed co-expression gene sets of YAP1 and
further explored their potential roles using the data of
TCGA-PAAD projects with LinkedOmics. As shown
in Fig. 3A, 6,651 genes (dark red dots) were positively
correlated with YAP1, while 5,151 genes (dark green
dots) were negatively correlated with YAP1 in PC
(FDR<0.05). Besides, the top 50 genes significantly
correlated with YAP1 were shown in Fig. 3B. YAP1
expression showed a significant positive association
with expression of PDGFC (cor = 0.826, FDR =
1.22E-41), NOTCH2 (cor = 0.824, FDR = 2.10E-41),
OSMR (cor = 0.811, FDR = 3.21E-39) and KIAA1217
(cor = 0.810, FDR = 3.21E-39).

Functional Enrichment Analysis was
subsequently conducted. GO term showed that YAP1
and its co-expression genes were mainly involved in
the immune response-regulating signaling pathway,
positive regulation of cytokine production, positive
regulation of cell adhesion, extracellular structure
organization and angiogenesis. KEGG pathway
analysis of these genes showed enrichment in the
Regulation of actin cytoskeleton, NOD-like receptor
signaling pathway, Cytokine-cytokine receptor
interaction, PI3K-Akt signaling pathway and
Pathways in cancer.

YAPI networks of kinase, miRNA or
transcription factor targets in PC

To further explore the potential regulators of
YAP1 in PC, we explored networks of kinase, miRNA
or transcription factor (TF) targets enrichment of
YAP1 co-expression genes. As a consequence, kinases
ABL1, LYN, MAPK1, PRKCA and CDK1 were shown
as the top 5 most significant targets (Table 2). PPI
network was further constructed, and the results
indicated that regulation of these genes were involved
in the immune-related pathway (Fig. 4). Moreover,
the miRNA network targets (MIR-26A, MIR-26B,
MIR-186, MIR-374, MIR-200B, MIR-200C, MIR-381)
and the TF network targets (VSIRF_Q6, V$SRF_Q6,
V$PEA3_Q6, V$CEBP_Q2 01, VSAREB6_04) were
shown in Table.2 and Supplementary material. As
expected, the PPI network of both indicated the
involvement of the immune-related pathway.

Immune Cell Infiltration of YAPI in patients
with PC

Our study demonstrated the proportions of
immune cells changed significantly among different
samples. The infiltration of MO, M2 macrophages and
resting memory CD4*T cells showed a relatively
higher abundance compared to other immune cells (as
shown in Fig. 5A) Besides, our study indicated that
the fractions of resting memory CD4*T cells, B cells
memory and Eosinophils in YAP1high group were
notably higher than that in YAP1lw group PC
patients, implying the possible roles of these immune
cells in YAP1-dependent manner (Fig. 5A) As shown
in Fig.5B, the correlation heatmap revealed a weak to
moderate correlation within the proportions of
different TIICs subpopulations. ‘Correlation” module
of GEPIA was utilized to assess the correlation
between YAP1 expression and cell surface markers of
different types of TIICs (Table 3). Spearman
correlation coefficient was conducted and the results
indicated that YAP1 might play a crucial role in
regulating the abundance of Th2, Tth, Th17, T cell
exhaustion and Mast cell. Whether YAP1 is an
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important factor for B cell and Eosinophils immune  infiltration needs more experimental evidence.
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Figure 1. Survival outcomes and expression differences analyzed by GEPIA, OncolLnc, PROGgeneV2 and HPA. (A) Differential expression of YAP1 in PC tissue and normal
tissue. (B) Significant differences in YAP1 expression in different pathological stages. (C) The increase of YAPI expression was correlated with a poor prognosis. (D) Survival
analysis results from PROGgeneV2 for verification. (E) The HPA database was utilized to analyze the protein expression of YAPI between healthy control and PC as
measurements of RNA levels.
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Figure 2. Multivariate Cox analysis of YAPI expression and other clinicopathological variables. The age, lymph node metastasis status and up-regulated YAPI expression are

independent prognostic factors of poor prognosis.

Discussion

Accumulating evidence has demonstrated that
several cancer genes and its related signaling
pathways, such as Hippo/YAP signaling, are
involved in the tumorigenesis and progression of PC
1251, As essential components of Hippo/YAP signaling,
YAP1 has been reported to exert a notable drug
resistance role in various cancers as well [13]. The
unique characteristics of the tumor microenvironment
in PC have been regarded as one of the significant
reasons that led to conventional chemotherapy drugs
and immunotherapy resistance [25]. However, the
correlation of YAP1 and the tumor microenvironment
in PC is not completely clarified yet. Therefore, we
performed a comprehensive bioinformatics analysis
to explore the potential roles of YAP1 and its
immunoregulatory network in PC.

We first analyzed the correlation between the
transcriptome level of YAPI, pathological stage along
with prognosis. The results indicated that YAP1 was
up-regulated in PC significantly. Besides, high
expression of YAP1 was significantly correlated with
pathological stage and poor survival of PC patients.
Multivariate regression analysis showed that age,

lymph node metastasis status and the mRNA level of
YAP1 were independent prognostic factors. Previous
research evaluated the association between YAP1 and
lymph node metastasis status, and relevant study
indicated that YAP-dependent metabolic adaptation
contributed to tumor metastasis to lymph nodes [26].

Co-expression network analysis was widely
used for characterization of important modules and
interpretation of its biological function. We next
utilized GO term and KEGG pathway analysis to
explore the functions of the top 50 genes significantly
correlated with YAP1 in PC. Our data revealed YAP1
and associated co-expression genes were primarily
involved in angiogenesis, immune response-
regulating signaling pathway, regulation of actin
cytoskeleton, NOD-like receptor signaling pathway
and cytokine-cytokine receptor interaction. These
findings suggested that YAP1 played a crucial role in
tumorigenesis and progression. The previous study
indicated YAP/TAZ as effectors of VEGF signaling
was involved in aberrant angiogenesis, thereby
prompting progression and cancer metastasis [27].
Besides, YAP1 contributed to cancer distant
metastasis via regulation of actin dynamics as well
[28]. The NOD-like receptor signaling pathway has
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been demonstrated to increase the incidence of cancer
emergence, and its cascade was involved in
neovascularization, metastasis, and other
immunosuppressive functions [29]. We can infer that

A YAP1 Association Result
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Table 2. The Kinase, miRNA and transcription factor-target Furthermore, cytokine-cytokine receptor

networks of YAPI in PAAD (LinkedOmics) interaction is linked with immunosuppression [30].

Enriched Category  Gene set LeadingEdge Num _FDR Recent research revealed that how the secretion of

Kinase target Kinase_ABL1 3 0.005 inflammatory cytokines and its cascade could
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dysregulation. We found that Kinase_ABL1, LYN,
MAPK1, PRKCA and CDK1 were the top5 Kinases
associated with YAPI. Interestingly, our analysis of
the network of Kinases suggested that primary
Kinases contributed to the immune response-
regulating cell surface receptor signaling pathway as
well. Therefore, the potential role of immune response

A

deserved  further  experimental  verification.
Subsequently, the network of miRNA and TF were
analyzed in the same ways, respectively. Both of them
were related to the immune-related pathway. These
results powerfully revealed the necessity of exploring
the immune functions of YAP1.
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Figure 5. Analysis of immune infiltration level with YAP1 high and low expression groups in PC. (A) Violin plot of immune infiltration level between YAP1 high (red plot) and low
expression groups (blue plot). (B) The proportions of different TIICs subpopulations were weakly to moderately correlated.
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Table 3. A correlation analysis was performed between the gene
markers expressed in immune cells and the expression of YAPI
using the ‘Correlation’ module of GEPIA

Description Gene Pancreas
markers Tumor Normal
R P R P
CD8*T cell CD8A 0.25 0.00084 0.58 1.4e-16
CD8B 0.19 0.0094 0.54 1.3e-14
T cell (general) CD2 0.21 0.0042 0.62 9.3e-20
CD3E 02 0.008 0.62 3.2e-19
B cell CD19 0.11 0.14 0.34 4.6e-06
CD79A 0.12 0.11 0.29 0.00015
Natural Killer cell ~ KIR2DL1 0.14 0.07 0.069 0.37
KIR2DL3 0.2 0.0077 0.25 0.00087
KIR2DL4 023 0.0016 0.27 0.00045
KIR3DL1  -0.028 0.71 0.27 0.00033
KIR3DL2 017 0.019 0.12 0.13
KIR3DL3  0.13 0.074 0.044 0.57
KIR2DS4 0.087  0.25 0.24 0.0016
Neutrophils CD66b 0.16 0.031 0.11 0.15
CD11b 0.39 9.30e-08  0.61 4.2e-19
CCR7 0.11 0.16 0.53 6.3e-14
Thl T-bet 0.13 0.085 0.49 1.3e-11
STAT4 0.062 041 0.7 3.2e-26
TNF-a 0.11 0.13 0.45 9.5e-10
Th2 GATA3 0.28 0.00014 038 2.6e-07
STAT6 0.42 7.4e-09 079 3e-37
STAT5A 0.38 1.4e-07  0.69 1.4e-25
1L13 -012 011 0.18 0.019
Tth BCL6 0.64 3.1e-22 073 3.2e-30
Th17 STAT3 0.64 28e22 076 1.5e-33
IL17A 0.11 0.16 0.085 0.27
T cell exhaustion ~ PD-1 0.18 0.016 043 5.3e-09
CTLA4 0.23 0.016 0.44 1.4e-09
LAG3 0.049 052 0.53 4.8e-14
TIM-3 0.4 3.1e-08 0.7 2.3e-26
Mast cells TPSB2 0.24 0.0014 0.29 0.00015
TPSAB1 0.29 7e-05 0.33 1.3e-05
CPA3 0.43 17e-09 0.4 0.0018
MS4A2 0.4 2.6e-08 031 3.6e-05
HDC 0.26 0.00054  0.39 1.8e-07

Accumulating evidence indicated the immune
cell infiltration had a strong influence on the
progression and metastasis of cancers, thereby
affecting the prognosis of relevant cancer [32-35].
Besides, immune-related pathways in diseases are
considered as a potential target for cancer therapy
[36]. A recent study suggested myeloid-derived
suppressor cells (MDSC) was identified as the major
infiltrating immune cell type in prostate cancer [37].
Activation of the Hippo-YAP signaling pathway
driven by the YAP-TEAD complex could promote
MDSC recruitment, thereby involving in cancer
progression [37]. The results from CIBERSORT
indicated that YAP1 expression was correlated with
immune infiltration levels of resting memory CD4*T
cells, B cells memory and Eosinophils. The association
of YAP1 with resting CD4*T cells was validated in
GEPIA database. Our findings revealed that resting
CD4*T cells were found at increased levels in the high
YAP1 expression group, and we could infer a possible

mechanism where YAP1 regulated the functions of
resting CD4*T cells in PC. Whether YAP1 is an
important factor for B cell memory and Eosinophils
immune infiltration needs more experimental
evidence. Interestingly, the regulatory TF network of
YAP1 and its co-expression genes was involved in
response to type I interferon. The previous study has
demonstrated the immunomodulatory role of type I
IFNs in shaping T cell responses [38]. Therefore,
together these findings indicate that YAP1 plays a
crucial role in the regulation and recruitment of
immune infiltrating cells in PC.

Although YAP1 may act as an important
immune checkpoint in PC, there are several
limitations in our study. First, the samples analyzed in
our study are obtained from TCGA, and the role of
racial diversity has not yet been elucidated. Second,
experimental study should be conducted in another
independent cohort to validate our results.
Furthermore, the relationship between YAP1 and
molecular subtypes of pancreatic cancer is unknown,
which may affect our results.

In summary, we demonstrated that the
interaction between YAP1 and immune function
might be mediated through immune infiltration of
resting CD4*T cells. Our results suggested that
activation YAP1 dependent immune regulatory
network may enhance the activity of resting CD4*T
cells, thereby promoting tumor progression in PC.
Together these findings indicate that YAP1 may be a
potential therapeutic target, which provides a
refreshing perspective on the mechanisms underlying
PC and disease management.
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