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Abstract

Immune checkpoint molecules are critical targets of cancer therapies due to their abil-

ity to modulate immune responses to cancer. Vasoactive intestinal peptide (VIP) has

been proposed as an immune checkpoint molecule, but its predictive and prognostic

values have not been established. We evaluated expression levels of VIP and pro-

grammed death-ligand 1 (PD-L1) across different cancer types and identified specific

cancer histologies in which the expression of thesemarkers is elevated.We conducted

systematic analyses of the prognostic and predictive values of VIP and PD-L1 in vari-

ous cancers using publicly available patient databases and analysis tools including the

Gene Expression Profiling Interactive Analysis, PrognoScan, Protein Atlas, cBioportal,

and Timer2.0. We also assessed the relationship of PD-L1 and VIP expression levels

with survival and the frequencies of tumor-infiltrating immune cells in various cancers.

We observed a negative correlation between PD-L1 and VIP expression across cancer

types, suggesting the functional redundancy of VIP and PD-L1 immunosuppressive

pathways asmechanismsof immuneescape.Highexpression levels ofVIPand theasso-

ciationofVIPexpressionwith immunecell infiltrates in thepancreatic adenocarcinoma

tumor microenvironment suggest that VIP may be a predictive biomarker for treating

pancreatic adenocarcinoma patients with drugs that inhibit the VIP signaling pathway.
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1 INTRODUCTION

A wide spectrum of genetic and epigenetic alterations in cancers

leads to a diverse set of antigens that the immune system recog-

nizes to differentiate tumor cells from normal cells. The amplitude

and quality of antigen-specific T cell responses are regulated by a sig-

naling network of costimulatory and inhibitory immune checkpoints.

Under normal physiological conditions, immune checkpoints preserve

self-tolerance to prevent autoimmunity. However, aberrantly high
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expression of immune checkpoint proteins by cancer cells mediates

immune suppression and evasion of anticancer immune surveillance.

T cells regulated by immune checkpoint pathways can be targeted

by drugs that block immune checkpoint signaling. Currently, available

immune checkpoint inhibitors (ICI) are monoclonal antibodies that

block immune checkpoint ligand and receptor interactions. Clinical tri-

als with ICIs revealed the power of reinvigorating cancer-exhausted

immune systems and revolutionized cancer therapy.1 CTLA-4blockade

was the first ICI to successfully enhance T cell expansion and enhance
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antitumor immunity. More recently, the expression of PD-L1 by cancer

cells and the cognate PD1 receptor on T cells have been identified as

clinically relevant immune checkpointmolecules in cancers. Antibodies

targeting this pathway have been approved for numerousmalignancies

including melanoma, non-small cell lung cancer, renal cell carcinoma,

Hodgkin lymphoma, bladder cancer, head, and neck squamous cell car-

cinoma, and Merkel cell carcinoma, and are currently being evaluated

for the treatment of other cancers.2

Recent preclinical studies have identified vasoactive intestinal

polypeptide (VIP), a 28-amino acid neuropeptide, as a potential ICI tar-

get. VIP has previously been shown to be a potent suppressor of T

cell activation and proliferation. As such, VIP antagonists were found

to enhance adaptive immunity to cytomegalovirus infection in murine

models.3 Past studies also show that VIP and its receptors were over-

expressed in breast, prostate, and lung cancer, leading to the growth

andmetastasis of tumors.4–8 T cells have been found to upregulate VIP

receptors during T cell activation. In response to this VIP receptor sig-

naling, T cell activation and proliferation become inhibited while Treg

and Th2 cells were generated.9–11 Concerning cancer immunotherapy

VIP antagonists enhanced anti-leukemia T cell response and down-

regulated myeloid-derived suppressor cells in acute myeloid leukemia

murine models.12 Furthermore, VIP expression by pancreatic ductal

adenocarcinoma cells was identified as a possible immunomodulator

that protects cancer from immune surveillance by decreasing T cell

proliferation, trafficking, activation, and function. Thus, VIP produc-

tion by cancer cells has been proposed as an immune escape pathway

used by some cancers. A multitude of clinical studies has proved the

therapeutic value of anti-PD-L1/PD-1 antibody treatments in cancers

with overexpressed PD-L1.13 However, treatment targeting PD-L1

and PD-1 are traditionally believed to have low efficacy in cancers

with low PD-L1 expression such as pancreatic adenocarcinoma.14 The

objective of this paper is to evaluate the relative expression levels

of PD-L1 and VIP, compare the prognostic values of PD-L1 and VIP

expression in cancers, and identify cancers that might be responsive to

agents that target VIP signaling pathways. The over-arching hypoth-

esis motivating this study is that drugs targeting VIP signaling might

be effective in cancers that express high levels of VIP but low levels

of PD-L1.

2 METHODS

2.1 Gene expression profiling interactive analysis

Gene Expression Profiling Interactive Analysis (GEPIA) (http://gepia.

cancer-pku.cn)15 uses data from The Cancer Genome Atlas (TCGA)

and Gene Tissue Expression (GTEx) to analyze the RNA expression of

9736 tumors and 8587 normal samples. We used GEPIA to compare

the expression of VIP and PD-L1 in normal tissue and across various

cancers. A p-value <0.05, determined through one-way ANOVA, was

used as an indicator for significance in expression between normal and

tumor tissue. Additionally, a p-value <0.05, determined through a Stu-

dent t-test, was used as an indicator of significance for cancers with

highVIP or PD-L1. Cancerswith highVIP or PD-L1 expression in tumor

tissuewere further analyzed usingGEPIA-generated survival curves to

investigate the prognostic values of cancer patients with high and low

expression of PD-L1 and VIP. A median expression level was used as a

cutoff to stratify patients.

2.2 PrognoScan database analysis

The PrognoScan database (http://dna00.bio.kyutech.ac.jp/

PrognoScan/index.html)16 uses patient prognostic values includ-

ing overall survival (OS) and disease-free survival (DFS) from a large

group of public cancer datasets. The PrognoScan databasewas used to

evaluate the prognostic values of the immune checkpoint molecules

VIP and PD-L1 in various cancers. A p-value <0.05 was used as an

indicator for significance and further analysis.

2.3 Protein atlas database analysis

The Protein Atlas (https://www.proteinatlas.org)17 uses data from

8000 cancer patients from TCGA to characterize the miRNA expres-

sion for proteins in 17 main cancers. The Protein Atlas database was

used to evaluate the prognostic values of the immune checkpoint

molecules VIP and PD-L1 in various cancers. A p-value<0.05was used

as an indicator for significance and further analysis.

2.4 cBioportal database analysis

The cBioportal (https://www.cbioportal.org)18,19 is an interactive web

server for analyzing RNA sequencing data of 9736 tumors and 8587

normal samples from the TCGA and GTEx projects. The PD-L1 and

VIP RNA-Seq by Expectation Maximization (RSEM) data from the

TCGA were plotted against each other to compare the expression for

TCGA cancer subtypes. A p-value of 0.05 was used as a threshold for

significance.

2.5 TIMER2.0 database analysis

The TIMER2.0 (http://timer.comp-genomics.org)20 is a comprehensive

resource for analyzing tumor-infiltrating immune cells across can-

cers using robust algorithms to characterize data from the TCGA.

TIMER2.0 was used to analyze the association of VIP and PD-L1

with immune infiltrates in lung, pancreatic, and colon cancers. A

p-value <0.05, determined through Spearman’s correlation, was used

to determine statistical significance for immune infiltrateswith specific

cancers.

http://gepia.cancer-pku.cn
http://gepia.cancer-pku.cn
http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html
http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html
https://www.proteinatlas.org
https://www.cbioportal.org
http://timer.comp-genomics.org
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F IGURE 1 Expression of VIP and PD-L1 in cancer tissues and corresponding normal adjacent tissues.
VIP and PD-L1 expression based on RNA-seq Transcripts PerMillion (TPM) data from the TCGA andGTExwere analyzed across various cancers. A
red star is used to show statistical significance in expression levels by comparing cancer tissues to the corresponding normal tissues using one-way
ANOVA: *p< 0.05. Two black stars are used to show statistical significance in overexpression of VIP and PD-L1when comparing stared cancer
tissues to all other cancer tissues presented in the figure using student t-test: **p< 0.05. The graphwas generated with GEPIA. Unique tissue
samples in the analysis included 179 pancreatic adenocarcinomas and 171 normal pancreatic tissue; 483 lung adenocarcinoma and 347 normal
adjacent tissues; 486 lung squamous cell carcinoma and 347 adjacent normal tissue; 1085 breast invasive carcinoma and 291 adjacent normal
tissue; 275 colon adenocarcinoma and 349 normal adjacent tissue; 461 cutaneousmelanoma and 558 normal adjacent tissue; 163 cases of
glioblastomamultiformewith 207 normal adjacent brain tissue samples; 173 acutemyeloid leukemia and 70 adjacent normal tissue; 47 diffuse
large B cell lymphoma and 337 adjacent normal tissue

3 RESULTS

3.1 Differential expression of VIP and PD-L1
across multiple human cancers

To assess the aberrant expression of VIP and PD-L1, VIP and PD-

L1 RNA-seq transcripts per million (TPM) data from the TCGA and

GTEx were analyzed across various cancer histology. We used GEPIA

analysis to compare PD-L1 and VIP expression in cancer tissues to

adjacent normal tissues across various cancer types. Data on gene

expression in cancer tissue was obtained from the TCGA. Additionally,

data on gene expression in adjacent normal tissue in cancer patients

was obtained from both the TCGA and GTEx databases, as GEPIA did

not have a sufficient sample size of normal tissue data. As shown in

Figure 1, lung adenocarcinoma, lung squamous cell carcinoma, breast

invasive carcinoma, colon adenocarcinoma, skin cutaneous melanoma,

and glioblastoma multiforme tissue had lower levels of VIP expression

than adjacent normal tissues. In contrast, pancreatic adenocarcinoma

had higher VIP expression compared to adjacent normal tissue. Acute

myeloid leukemia and diffuse large B cell lymphoma had similar VIP

expression between cancer and normal tissue. In contrast, PD-L1

expression was higher in pancreatic adenocarcinoma, colon adeno-

carcinoma, skin cutaneous melanoma, glioblastoma multiforme, acute

myeloid leukemia, and diffuse large B cell lymphoma when compared

to corresponding normal tissues, while lower in lung adenocarcinoma,

lung squamous cell carcinoma, and breast carcinoma when compared

to corresponding adjacent normal tissues. Additionally, comparedwith

other cancer types, VIP is relatively overexpressed in pancreatic ade-

nocarcinomaand colon adenocarcinoma,whilePD-L1 is overexpressed

in lung adenocarcinoma, lung squamous cell carcinoma, and diffuse
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large B cell lymphoma. Overall, both VIP and PD-L1 expression differ

across different cancers, and some cancers had higher levels of VIP

or PD-L1 compared to adjacent normal tissues. These results suggest

that cancers may be selectively targeted by VIP or PD-L1 pathway

inhibitors.

3.2 Prognostic values of VIP and PD-L1
expression

Protein Atlas analysis of TCGA data was used to evaluate the prog-

nostic values of VIP and PD-L1 expression in cancers. The distinction

between expression of biomarkers (VIP vs. PD-L1) in cancer tissues

versus expression in adjacent normal tissues was addressed by ana-

lyzing expression patterns in 15 cancers defined by histopathological

classification in the Protein Atlas. The results from the Protein Atlas

showed that VIP expression levels were not of prognostic value when

all cancerswere analyzed in aggregate,whereas highPD-L1 expression

was favorable for survival and of significant prognostic value in breast

and colorectal cancer patients.

However, in cancer microarray datasets with clinical annotation

collected from the public domain (Mizuno 2009), PrognoScan meta-

analysis showed that VIP expression was prognostic in colorectal

cancer (three cohorts comprised of 167 patients), lung cancer (three

cohorts comprised of 493 patients), and ovarian cancer (one cohort of

133 patients). The prognostic value of higher VIP levels differed by his-

tologic subtypeof lung cancer,where higherVIP levels portend aworse

prognosis in lung squamous cell carcinoma but a better prognosis in

lungadenocarcinoma. PD-L1expression levelswereprognostic in blad-

der cancer (two cohorts comprised of 330 patients), breast cancer (one

cohort of 60 patients), colorectal cancer (one cohort of 49 patients),

and ovarian cancer (one cohort of 278 patients).

These variable results indicate that levels of PD-L1 and VIP are not

uniformly prognostic across all cancer histology. Differences between

cancer types might be due to variation between cohorts from the

Protein Atlas and the PrognoScan analysis or the lack of underlying

mechanism by which overexpression of a specific immune checkpoint

molecule confers prognosis in the absence of specific therapies tar-

geting that pathway. Indeed, results from multiple clinical trials and

clinical studies have shown that the efficacy of PD-L1/PD-1 ICIs

in cancer patients is roughly proportional to the degree of PD-L1

expression.21

We next used GEPIA to characterize the overall survival of patients

with different cancer histology to further validate the prognostic

values of VIP and PD-L1 expression in cancers screenedwith the Prog-

nosScan, TIMER2.0, and Protein Atlas analysis (Figure 2). VIP was not

shown to have significant prognostic value in any cancer. In pancreatic

adenocarcinoma, high expression levels of PD-L1were associatedwith

decreased overall survival (p = 0.019, HR High = 0.022) (Figure 2C).

These results suggest that the expression of the immune checkpoint

molecules PD-L1 might be used as a prognostic indicator in pancreatic

ductal adenocarcinoma. However, the results of clinical trials indicate

the level of PD-L1 expression did not predict response to anti-PD-

1/PD-L1 antibodies in pancreatic ductal adenocarcinoma.14 PD-L1

expression by cancer cells exhausts T cells through PD-1 signaling and

renders them useless to attack cancers. However, PD-L1 expression

levels have not been shown to predict the efficacy of PD-1 antagonists

in patients with pancreatic ductal adenocarcinoma. The dissociation of

the prognostic and predictive value of PD-L1 expression in pancreatic

ductal adenocarcinoma may be due to the relative paucity of effector

T cells in cancer in which the tumor microenvironment has been char-

acterized as an “immune desert”.22 PD-L1 expression levels were not

shown to have significant prognostic value in other cancers.

3.3 Association of VIP expression with PD-L1
expression

Next, we correlated PD-L1 and VIP expression in 17 cancers using

the TCGARNA-seq dataset and RNA-seq by expectationmaximization

(RSEM). Among the 17 cancers, lung adenocarcinoma, lung squamous

cell carcinoma, colorectal adenocarcinoma, and pancreatic adeno-

carcinoma, showed interesting associations between VIP and PD-L1

expression (Figure 3). Including adenocarcinoma and lung squamous

cell carcinoma, PD-L1 expression tended to be high while VIP expres-

sion was low (Figure 3A and B). In both colorectal adenocarcinoma

and pancreatic adenocarcinoma, VIP expression was generally high

while PD-L1 was low (Figure 3C and D). These results suggest that VIP

and PD-L1 expression might be negatively correlated, and even mutu-

ally exclusive as immune checkpoint pathways are overexpressed in

cancers (Figure 3F).

3.4 Association of VIP and PD-L1 expression with
immune cell infiltrates in the tumor

High levels of immune cells infiltrating the tumor microenvironment

have positive prognostic values in many cancers, including ovarian

cancer.23 It is hypothesized that local expression of PD-L1 and VIP in

the tumor microenvironment mediates an immunosuppressive state

and hampers anti-cancer immunity mediated by T cells. Therefore, we

correlated the levels of immune cells in the TME with VIP and PD-

L1 expression levels across lung adenocarcinoma, lung squamous cell

cancer, pancreatic adenocarcinoma, and colorectal cancer histology.

Analysis of immune cell infiltration in the TME included the content

of B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and

dendritic cells (Figure 4 and Table 1). In lung adenocarcinoma, PD-L1

expression positively correlated with the infiltration of CD8+ T cells,

macrophages, neutrophils, and dendritic cells whilst negatively corre-

lated with CD4+ T cells. In colorectal cancer, PD-L1 expression was

positively correlated with CD8+ T cells, macrophages, neutrophils,

and dendritic cell infiltration, and negatively correlated with B cell

infiltration. In lung adenocarcinoma and lung squamous cell carci-

noma, VIP expression was positively correlated only with CD4+ T cell

infiltration. In colorectal cancer, VIP expression was positively corre-

lated with CD4+ T cells, macrophage, neutrophil, and dendritic cell
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F IGURE 2 Overall survival of cancer patients with high and low levels of PD-L1 and VIP expression.
(A) lung adenocarcinoma (VIP n= 203, PD-L1 n= 239), (B) lung squamous cell carcinoma (VIP n= 437, PD-L1 n= 482), (C) pancreatic
adenocarcinoma (VIP n= 90, PD-L1 n= 90), (D) breast invasive carcinoma (VIP n= 484, PD-L1 n= 539), (E) colon adenocarcinoma (VIP n= 135,
PD-L1 n= 136), and (F) glioblastomamultiforme (VIP n= 82, PD-L1 n= 81). The survival curves were generated by GEPIA, dividing cases by
median levels of PD-L1 or VIP expression based upon data from TCGA. In all analyzed cancers, only high expression of PD-L1was associatedwith a
decreased survival in pancreatic adenocarcinoma (p< 0.05). The log rank test was used to calculate statistical significance with *p< 0.05
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F IGURE 2 Continued

infiltration. Lastly, in pancreatic adenocarcinoma, VIP expression was

positively correlated with CD8+ T cells, macrophages, neutrophils,

and dendritic cells in the TME. Overall, VIP and PD-L1 expression are

both positively correlated with immune cell infiltration in the TME of

non-small cell lung cancers and pancreatic adenocarcinomas.

4 DISCUSSION

Monoclonal antibodies that target immune checkpoints represent a

paradigm-changing breakthrough in cancer therapeutics. PD-L1/PD-1

and CTLA4 inhibitors have demonstrated significant efficacy and
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F IGURE 3 The expression of VIP and PD-L1 is mutually exclusive in some lung adenocarcinoma, lung squamous cell carcinoma, pancreatic
adenocarcinoma, colorectal adenocarcinoma, and acutemyeloid leukemia cancer patients.
VIP versus PD-L1 expression of individual cancer patients was plotted based upon cohorts of (A) lung adenocarcinoma cancer patients (n= 510),
(B) lung squamous cell carcinoma patients (n= 484), (C) colorectal adenocarcinoma patients (n= 592), (D) pancreatic adenocarcinoma cancer
patients (n= 177)., (E) acutemyeloid leukemia patients (n= 173). (F) VIP and PD-L1 expression were compared between lung adenocarcinoma and
pancreatic adenocarcinoma. Expression levels are based upon RNA-Seq by ExpectationMaximization (RSEM) for PD-L1 and VIP expression taken
from the cBioportal which uses data from the TCGA
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F IGURE 4 Positive correlation of immune cells in the TMEwith PD-L1 and VIP expression in cancers.
The heat map shows the correlations between RNA-seq expression of PD-L1 and VIP and immune cell infiltrates, including B cells, CD8+ T cells,
CD4+ T cells, macrophages, neutrophils, and dendritic cells in lung adenocarcinoma (LUAD; n= 515), lung squamous cell carcinoma (LUSC;
n= 501), colorectal adenocarcinoma (COAD; n= 458), and pancreatic adenocarcinoma (PAAD; n= 179). The TIMER2.0 analysis was used to
determine correlations of data from the TCGA. Partial Spearman’s correlation was used to perform association analyses. *p< 0.05; **p< 0.01;
***p< 0.001; ****p< 0.0001; *****p< 0.00001

have been approved by the Food and Drug Administration for sev-

eral malignancies. More recently, several pre-clinical studies have

explored the immunomodulatory role of VIP in cancers and used VIP

as a potential target for the development of next-generation ICIs.12

Indeed, the analysis from the TCGA and GTEx demonstrated that

VIP and PD-L1 were overexpressed in different cancers (Figure 1).

The biggest obstacles to incorporating immunotherapy into routine

treatment regimens for cancer patients are the low response rates

and immune-related adverse events in some patients. Thus, there is

an urgent need for identifying the predictive biomarkers to match

patients with the ICI that has the greatest potential for therapeutic

benefit.

Because immune suppression plays an important part in driving

cancer growth and progression, the expression of immune check-

points may have prognostic value. Based on an analysis of public

databases, the prognostic values of PD-L1 and VIP expression levels

are inconsistent across multiple cancer types. High PD-L1 expression

was associated with better survival in subsets of bladder, ovarian, col-

orectal, and breast cancer patients. Previous studies reported that

PD-L1 is prognostic in breast cancer, gastric cancer, hepatocellular car-

cinoma, non-small cell lung cancer, and renal cell carcinoma (Hu, 2019).

PrognoScan suggested that VIP was of prognostic value in colorec-

tal, lung, and ovarian cancer. However, GEPIA survival curves did not

show VIP expression to be prognostic among any cancers (Figure 2).

Although some databases show VIP and PD-L1 expression have prog-

nostic value, the prognostic values ofVIP andPD-L1 expression remain

variable across different cancers.

PD-L1 expression has been reported to be a positive predictive

biomarker for ICI efficacy and survival in non-small cell lung can-

cer patients such as lung adenocarcinoma and lung squamous cell

carcinoma.24,25 However, current studies show that PD-L1 ICIs have

low efficacy in pancreatic adenocarcinoma. In cancer like lung ade-

nocarcinoma where PD-L1 inhibitors are effective, PD-L1 is overex-

pressed relative to other cancers. Our results showed that PD-L1 has

lower expression in pancreatic adenocarcinoma than in lung adeno-

carcinoma and lung squamous cell carcinoma. This low expression of

PD-L1 suggests that PD-L1 expression plays a limited role in immune

evasion in pancreatic adenocarcinoma and is consistent with the lim-

ited activity of ICIs that target PD1-PD-L1 signaling in this malignancy.

In the same way, drugs that inhibit the VIP signaling pathway may

have low efficacy in cancers with low expression of VIP but could

be effective in cancers that have high expression of VIP. While pre-

clinical data indicated that VIP receptor inhibition with VIP receptor

antagonist peptides has therapeutic benefits inmurine pancreatic duc-

tal adenocarcinoma mouse models, the clinical relevance of these

findings is unknown. Thus, we selectively analyzed PD-L1 and VIP

expression in lung and pancreatic adenocarcinoma patients. The data

showed that expression of VIP is high in pancreatic adenocarcinoma

and colorectal adenocarcinoma while expression of PD-L1 is high in

lung adenocarcinoma and lung squamous cell carcinoma (Figure 3).
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TABLE 1 Spearman’s coefficients and p values and for associations of immune cells in the tumormicroenvironment with levels of PDL1 and
VIPmRNA expression. Correlations between RNA-seq expression of PD-L1 and VIP and immune cell infiltrates, including B cells, CD8+ T cells,
CD4+ T cells, macrophages, neutrophils, and dendritic cells in lung adenocarcinoma (LUAD; n= 515), lung squamous cell carcinoma (LUSC;
n= 501), colorectal adenocarcinoma (COAD; n= 458), and pancreatic adenocarcinoma (PAAD; n= 179). The TIMER2.0 analysis was used to
determine correlations of data from the TCGA. Partial Spearman’s correlation was used to perform association analyses

Spearman’s coefficients B Cell CD8+ T Cell CD4+ T Cell Macrophage Neutrophil Dendritic cell

PD-L1 LUAD −0.086 0.457 0.048 0.225 0.648 0.451

PD-L1 LUSC 0.102 0.248 −0.131 0.07 0.225 0.228

PD-L1 COAD −0.122 0.573 0.085 0.278 0.847 0.768

PD-L1 PAAD 0.115 0.589 −0.119 0.477 0.638 0.682

VIP LUAD 0.073 −0.095 0.187 −0.021 −0.045 −0.02

VIP LUSC 0.005 −0.029 0.228 0.096 −0.006 −0.077

VIP COAD −0.113 0.024 0.32 0.169 0.186 0.269

VIP PAAD 0.029 0.312 0.147 0.172 0.172 0.222

P values B Cell CD8+ T Cell CD4+ T Cell Macrophage Neutrophil Dendritic cell

PD-L1 LUAD 0.055 9.07E-07 0.283 4.71E-07 6.33E-60 0.031

PD-L1 LUSC 0.026 4.14E-08 9.72E-5 0.126 1.16E-05 3.12E-22

PD-L1 COAD 0.044 2.32E-25 0.158 2.83E-06 5.25E-12 1.78E-28

PD-L1 PAAD 0.134 6.21E-6 0.122 4.42E-11 4.57E-09 2.32E-19

VIP LUAD 0.105 0.366 2.86E-05 0.637 0.894 −0.655

VIP LUSC 0.916 0.93 4.58 E-7 0.123 0.459 −0.0949

VIP COAD 0.062 0.092 5.73E-08 0.0058 0.00195 6.15E-15

VIP PAAD 0.706 1.92E-5 0.055 0.024 0.0249 0.0035

Thus, VIP could be a predictive biomarker for treatment inhibiting the

VIP signaling pathway in pancreatic adenocarcinoma and colorectal

adenocarcinoma.

To further investigate the potential interaction between the two

molecules, we found that the expression of VIP and PD-L1 is mutu-

ally exclusive in colorectal adenocarcinoma, lung adenocarcinoma, lung

squamous cell carcinoma, and pancreatic adenocarcinoma (Figure 3F).

The results showed thatVIPexpressionwashigh andPD-L1expression

was low in individual tumors from patients with pancreatic adenocar-

cinoma and colorectal adenocarcinoma. In contrast, PD-L1 expression

was high and VIP expression was low in individual tumor specimens

from lung adenocarcinoma and lung squamous cell carcinoma patients.

These results may indicate functional redundancy between the two

immune-suppressive molecules. Thus, it may be possible that some

cancers may use either VIP or PD-L1 as a primary means of immune

escape. We also found higher levels of PD-L1, and VIP expression

was associated with an increase of immune effector cells in the TME

(Figure 4). These results support the relevance of the VIP and PD-L1

pathways in the immune control of cancer.

This paper has several limitations. When using the Protein Atlas,

Prognoscan, and GEPIA, there was heterogeneity among the prognos-

tic values for PD-L1 andVIP in various cancers due to variability among

different patient cohorts. Further analysis of the variability among

patient cohorts may be needed to further investigate the reliability of

the prognostic values of PD-L1 and VIP. There may also be biases in

sample collection for the publicly available datasets resulting from the

availability of tissues, institutional research interests, the structure

of operation, and the patient population. Furthermore, the datasets

only evaluated primary tumors from untreated patient populations.

Thus, there is limited availability of data collection from tumors that

commonly undergo neoadjuvant therapy. In turn, conclusions based

upon analyses of these datasets may not translate to modern clinical

practices for cancer.26 Although the findings herein may suggest that

VIP could function like PD-L1 as a key immune checkpoint molecule in

cancer, further laboratory experiments and clinical trials are needed to

explore theprognostic andpredictive value ofVIP expression in cancer.

5 CONCLUSION

In conclusion, PD-L1 expression levels are prognostic biomarkers

for breast and colorectal cancer patients. PD-L1 is a proven predic-

tive biomarker in non-small cell lung cancer. VIP expression levels

were not a consistent prognostic biomarker when analyzed across

multiple cancers. However, the high expression of VIP in pancreatic

adenocarcinoma and the association of VIP levels with immune cell

infiltrates in the TM suggest that, like PD-L1 expression and anti-PD1

antibody therapy, VIP could be a predictive biomarker for pancre-

atic adenocarcinoma patients treated with drugs that block signaling

through theVIP receptor. In addition, thenegative correlationbetween
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PD-L1 and VIP expression suggests functional redundancy of the

two immunosuppressive pathways. Preclinical data suggest synergy

betweenanti-PD1/PD-L1antibodies andanti-VIPdrugs inmousemod-

els of pancreatic adenocarcinoma (unpublished data), but the activity

of anti-VIP and anti-PD1 therapies in human PDAC remains to be

established. Mechanistic studies that link the action of immune check-

point drugs in specific cancerpatientswith theactivationof anti-cancer

immune responses are needed.
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