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Abstract 

Vasoactive Intestinal Peptide (VIP) Regulates ZEB1 in Cancer 

By Ishani H. Rao 

In cancer immunology, VIP (vasoactive intestinal peptide) is a neuropeptide with 

pleiotropic effects including inhibiting T-cell activation, increasing regulatory T-cell frequency, 

and augmenting the immunosuppressive activity of myeloid-derived suppressor cells. VIP 

expression by cancer may represent a paracrine immune-check-point pathways as well as having 

autocrine effects on cancer growth. We used an in silico model to identify genes whose over-

expression in cancer was correlated with elevated VIP expression and confirmed the role of VIP-

receptor signaling in vitro using VIP-R antagonists. The TCGA PanCan dataset (analysis per 

UCSC Xena) was used to compare mRNA expression data of VIP versus 760 genes involved in 

48 cancer-related pathways. A positive association was defined DV� 3HDUVRQ¶V� &RHIILFLHQW� 5-

values >0.3. Expression of target genes and VIP were confirmed by Western blot analysis in 

cancer cell lines, and VIP-R signaling was inhibited using ANT008, a novel VIP-R inhibitor. A 

significant correlation (R>0.3) between VIP expression and 10 genes was observed (Table 1). 

Grouping cancers by germ-layer analysis demonstrated the strongest (R>0.4) associations in 

ectodermal and mesodermal-derived cancers. Histologically, the highest single association with 

VIP was with ZEB1 expression in stomach adenocarcinoma (R = 0.7643). In vitro experiments 

using Jurkat T-cells confirmed expression of VIP and ZEB1 protein. Treatment of Jurkat cells 

treated with the VIP antagonist ANT-�������ȝ0��GHPRQVWUDWHG�D�UHGXFWLRQ�LQ�=(%��WRWDO�SURWHLQ�

expression when VIP-R signaling was inhibited. The results demonstrate autocrine signaling 

between VIP expression and cancer-associated gene pathways. The ZEB1 transcription factor is 

a known EMT (epithelial-mesenchymal transition) regulator, and our in vitro studies demonstrate 

this pathway is therapeutically targetable using a VIP antagonist.  



Vasoactive Intestinal Peptide (VIP) Regulates ZEB1 in Cancer 

 

 

By 

 

Ishani H. Rao 

 

Edmund K. Waller, MD, PhD 

Adviser 

 

 

 

 

 

 

 

A thesis submitted to the Faculty of Emory College of Arts and Sciences 
of Emory University in partial fulfillment 

of the requirements of the degree of 
Bachelor of Science with Honors 

 

Biology 

2022 

 

 

 

 



Acknowledgements 

This work could not have been possible without the constant support and guidance of Dr. 
Edmund K. Waller. Dr. Waller pushed me to pursue research and scientific thought during the 
pandemic that first sparked my interest in an in-VLOLFR�VWXG\��'U��:DOOHU¶V�support for this project 
was similarly present when the in-silico project gave rise to in-vitro studies. The Waller Lab has 
been an overflowing source of encouragement in my pursuit of research and medicine.  

Additionally, I would like to thank Dr. Sanjay Chandrasekaran, who mentored me remotely 
throughout the pandemic. His initial interest in an in-silico study using the TCGA database 
allowed me to start a novel project during a time when in-person research was difficult. His 
mentorship and support have been unwavering and led to my successful honors thesis defense.   

)LQDOO\��,¶G�OLNH�WR�WKDQN�P\�FRPPLWWHH�PHPEHUV�'U��$UUL�(LVHQ�DQG�'U��6LPRQ�%ODNH\�IRU�WKHLU�
guidance in completing this thesis.  

These studies were supported in part by funding from the Winship Cancer Institute Elkin 
Fellowship (SC), NIH T32 CA160040 (SC), and AI145231-01A1 RO1 (EKW) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table of Contents 

Introduction                                                                                                                                  1-6 

Methods                                                                                                                                        6-8 

Results                                                                                                                                        8-16 

Discussion                                                                                                                                 16-20 

References                                                                                                                                20-23 

 



 1 

Introduction 

Cancer: Cancer is characterized by the uncontrolled proliferation of abnormal cells. 

Abnormal function of a cancer cells ranges from preventing healthy body functioning, producing 

harmful impacts on a healthy body, and no longer serving its useful function in the human body. 

These cells divide rapidly to form masses and tumors that can further obstruct normal bodily 

functioning. Further progression of the cancer can lead to metastasis, the movement of cancer 

cells from the primary tumor site to a distant site previously uninhabited by cancer cells.   

Tumor Germ Layer of Origin: A way to classify cancers is by embryonic origin. Cancers 

similar in morphology often respond differently to therapies, prompting a need for classifying 

cancers at the molecular level. Germinal layers are comprised of a primary group of cells that are 

involved in the initial formation of certain tissues and organs during embryonic development. 

These germinal layers are the endoderm (inner layer), ectoderm (outer layer), and mesoderm 

(middle layer). In brief, the endoderm gives rise to the digestive and respiratory tract, pancreas, 

and liver. Among other structures, the ectoderm gives rise to the epidermis of the skin, nervous 

system, and epithelial lining of the mouth and rectum. Finally, the mesoderm gives rise to the 

skeleton, muscular system, notochord, reproductive system, circulatory system, and excretory 

system. Studying cancers based on their tissue of origin is valuable because irregularities 

regarding gene regulation and signaling pathways during embryonic development show similar 

patterns in tumorigenesis (Gao, Cui, Zhang et al.). Interestingly, the processes of tumorigenesis 

and embryogenesis share multiple properties with respect to cell invasion and differential gene 

activation [DOI 10.1016/j.semcancer.2018.07.004], (Naxerova et al.).  

Cancer Hallmarks: Cancerous cell behavior can largely be placed into one or many 

categories defined by the 10 hallmarks of cancer. Neoplastic transformation is engaged upon the 
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acquisition of key hallmark characteristics (D. Hanahan and Robert A. Weinberg; D. Hanahan 

and R. A. Weinberg). These 10 Hallmarks include evading growth suppressors, avoiding 

immune destruction, enabling replicative immortality, tumor-promoting inflammation, activating 

invasion and metastasis, inducing angiogenesis, genome instability and mutation, resisting cell 

death, deregulating cellular energetics, and sustaining proliferative signaling (D. Hanahan and 

Robert A. Weinberg) (Figure 1).  

 

Figure 1 shows the 10 hallmarks of cancers. Of these 10 hallmarks, activating invasion and 
metastasis is of most interest in the context of this study.  

Signaling Pathways: Genetically altering signaling pathways is a common hallmark of 

cancer that occurs in many malignancies. Specifically, signaling pathways regarding resisting 

cell death, cell-cycle regulation, and activating invasion and metastasis are some of the most 

altered in cancer (Sanchez-Vega, Francisco et al.). There are a variety of genes that play roles in 
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proper regulation or dysregulation of these pathways and studying them provides insight for drug 

discovery along with which therapies should be employed for treatment. When pathways are 

dysregulated, it can lead to differential expression of specific genes, which can result in 

differential mRNA and protein expression. This can be used as yet another way to classify and 

study cancers. For instance, cancers that overexpress vasoactive intestinal peptide (VIP) can be 

studied together to find other genes that may be implicated in its pathways or serve as targets for 

anti-cancer therapy (Figure 1A and Figure 1B). 

A 

 

 

B 
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Figure 1 shows protein expression of VIP by tumor histology (A) (Human Protein Atlas, 2020) 
and MRNA expression of VIP by tumor histology (B) (Goldman et al, 2020). These graphs show 
that although varied by tumor histology, VIP is overexpressed by many cancers - namely 
pancreatic cancer and GI cancers.  
 

Autocrine vs Paracrine Functions: VIP is a 28 amino acid peptide that is secreted by 

gastrointestinal tissue, nerve cells, and multiple immune cell populations including lymphocytes, 

mast cells, and granulocytes. VIP belongs to the glucagon/secretin family of peptides that signal 

through three class II G-protein coupled protein receptors (GPCRs), namely VPAC1, VPAC2 

and PAC1 (Ref). Upon binding to the receptors, signaling occurs through effector enzyme 

adenylate cyclase (AC), which catalyzes cAMP synthesis and activates protein kinase A (PKA). 

PKA is known to activate cAMP-response element binding (CREB) transcription factor (Figure 

2). VIP has immunosuppressive properties in cancer immunology. VPAC1, VPAC2, and PAC1 

are expressed on T and B lymphocytes, dendritic cells (DC), macrophages and many cancers, 

and In cancer immunology, VIP signaling disrupts immune homeostasis by inhibiting T-cell 

activation and proliferation, increasing the frequency of regulatory T cells and activity of 

myeloid-derived suppressor cells, and promoting immune tolerance (Forghani, Petersen et al. 

2017). VIP receptVor antagonists downregulate inhibitory marker, PD-1, on CD8 cells and 

enhances cellular anti-viramunity as shown by the significantly improved survival in 

cytomegalovirus-challenged mice (Li et al.). In addition, inhibiting VIP signaling pathway 
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augments T cell dependent anti-leukemia response (Petersen, Li and Waller). VIP receptor 

antagonists increase T cell ex vivo expansion and persistence in murine lymphoma models 

(Petersen et al.). 

 

Figure 2 VKRZV�9,3¶V�VLJQDOLQJ�SDWKZD\�E\�ZKLFK�LW�SURGXFHV�LWV�GRZQVWUHDP�HIIHFWV�YLD�&5(%�
signaling.  

VIP is secreted in varying amounts by cancers of pancreas, gastrointestinal tract, kidneys, 

lungs, brain, and skin, evident by both total mRNA and protein levels (Figure 1A and Figure 

1B). and the impact of autocrine VIP signaling remains elusive. Interestingly, VIP treated 

cytomegalovirus-challenged mice has shown increased serum VEGF, indicating VIP may play a 
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role in angiogenesis (Li et al.). PKA can also initiate mitogen-activated protein kinase (MAPK) 

pathway, further implicating the role of VIP in biological processes in addition to its established 

properties as an immunosuppressive peptide (Martínez et al.). Taken together, we hypothesize 

that VIP signaling may have broader autocrine mechanistic functions in cancer biology outside 

of immuno-oncology and serve as a target for anti-cancer therapy. Using our in-silico model, we 

have shown potential roles for VIP in cancer immunology, angiogenesis, and cellular energetics 

Taken together, we sought to characterize the heterogeneous expression and activity of 

VIP and its receptors in different cancer histologies by their embryonic origin in the context of 

key cancer hallmarks by comparing VIP mRNA expression levels vs other cancer relevant genes. 

We employed an in-silico model using the TCGA Pan Can Database with a target-gene panel 

developed based on the Nanostring Tumor 360 panel.  

The Pan Can TCGA dataset is comprised of 12,839 samples that span across 32 

KLVWRORJLHV��1DQRVWULQJ¶V�Q&RXQWHU�7XPRU�6LJQDOLQJ�����3DQHO�LV�D�����JHQH�SDQHO�DFURVV����

core pathways of cancer, the tumor microenvironment, and the tumor immune response, 14 

immune cell phenotypes, and 10 hallmarks of cancer. 

 

2 Methods 

TCGA Data Abstraction Analysis: We analyzed genomic expression data for VIP and 

genes within the Nanostring Tumor 360 profiling panel using the Pan Can dataset utilizing the 

University of California Santa Cruz (UCSC) Xena database, as previously described (Goldman 

et al, 2020). Of the 12,839 samples, 1912 were null value and were excluded from the data 

analysis. Data was imported into Microsoft Excel and analyzed using GraphPad Prism. 

(Expression of VIP, VPAC1, and VPAC2 by histology using median mRNA expression levels ± 
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5RKDQ¶V�ILJXUH��5-values between VIP and profile genes were evaluated. Positive and negative 

associatioQV�RI�LQWHUHVW�ZHUH�HVWDEOLVKHG�LI�3HDUVRQ¶V�&RUUHODWLRQ�&RHIILFLHQW��R) with VIP 

mRNA levels vs profiled gene were > [.3] (primary genes) or > [.2] and <[.3] (secondary genes) 

(Shober et al, 2018). Associations between 0 and [.2] were not considered to be meaningful.  

Characterization by Tissue Histology and Germ Layer: The 32 histologies in the 

TCGA dataset were further stratified by germ-layer (Ectoderm, Endoderm, Mesoderm) per 

SEER categorization. Of 34 cancer histologies, PCPG was excluded in the analysis due to 

unclear histologic origin and LAML was excluded as it was comprised exclusively of null 

values. R-values between VIP and profiled genes were evaluated by germ-layer groups and 

individual tumor histologies. Particular attention was given to positive and negative associations 

LI�3HDUVRQ¶V�&RUUHODWLRQ�&RHIILFLHQW��R) with VIP mRNA levels vs profiled gene were > [.4] 

(Shober et al. 2018). 

Statistical Analysis Methods: 3ULPDU\�JHQHV�ZHUH�WKRVH�WKDW�VKRZHG�D�3HDUVRQ¶V�5�

value of > [.3] with VIP mRNA levels, and secondary genes were those that showed an R value 

of [.2] < x < [.3] with VIP mRNA levels. This system of labeling genes as primary genes and 

VHFRQGDU\�JHQHV�EDVHG�RII�WKHLU�3HDUVRQ¶V�5�YDOXH�ZDV�DGDSWHG�IURP��6KREHU�HW�DO��������

Associations between 0 and [.2] between genes and VIP were not considered to be meaningful.  

Cell culture methods: To further study the relationship between VIP and ZEB1, in vitro 

modeling was employed. Jurkat T cells, a CD4+ human acute T lymphocyte cell, were used as 

the model organism. Jurkat T cells have served as good model organisms to study T cell signal 

transduction pathways as they can simulate T lymphocyte function (Chen and Nong). In this 

experiment, Jurkats were seeded at a concentration of 1 million cells/ 1.5 mL of media. They 



 8 

ZHUH�WUHDWHG�ZLWK�9,3�DQWDJRQLVW��$QW������DQG�9,3�DJRQLVW�DW�FRQFHQWUDWLRQV��ȝ0���ȝ0���ȝ0��

�ȝ0��DQG���ȝ0�IRU����KRXUV��&HOO�O\VDWHV�ZHUH�SURPSWO\�PDGH�DIWHU����KRXUV�LQFXEDWLRQ�SHULRG�� 

Western blot methods: )RU�ZHVWHUQ�EORWWLQJ����ȝJ�Rf sample was loaded and run at 

200V. Blots were blocked with 1% BSA for 1.5 hours. Blots were probed with primary antibody 

ZEB1 - 1:500, primary antibody VIP - 1:500, primary antibody GAPDH - 1:1000, secondary 

antibody - 1:2000. Blots were imaged using SynGene GeneSnap imaging machine/software. 

Molecular weights of interest: ZEB1 190-210kDa, VIP 19kDa, GAPDH 37 kDa.  

 

3 Results 

Pathway Associations with VIP: Initially, 760 genes that were related to at least one of 

43 Cancer pathways were analyzed for associations with VIP across all cancer types. After 

abstracting data for 760 genes, 10 genes ± presented with R-values of [.3] or higher (MAPK3, 

ZEB1, NOS2, TEK, PTCH1, EIF4G1, GMPS, CDK2, RUVBL1, and TIMELESS) and were 

FKDUDFWHUL]HG�DV�³primary´�JHQHV�(Figure 3). To follow the pathways of potential interest, Lead 

JHQHV�DQG�³)ROORZHU´�JHQHV��> [.2]) were compared by cancer pathway implication. Of 44 cancer 

SDWKZD\V�LGHQWLILHG�LQ�1DQRVWULQJ¶V�7XPRU�6LJQDOLQJ�3DQHO�����WDUJHW�SDWKZD\V��ZHUH�LGHQWLILHG�

in which at OHDVW�RQH�³/HDG´�JHQH�DQG�RQH�³)ROORZHU´�JHQH�ZHUH�LQYROYHG�LQ��7KH�SDWKZD\V�

include, MAPK Signaling, EMT, Epigenetic & Transcription Regulation, HIF1 Signaling, 

Myeloid Immune Evasion, Hedgehog, Inflammation, FGFR, Cell Cycle, DNA Damage Repair, 

mTOR Signaling, Immortality & Stemness, Interferon Response, and WNT Signaling (Figure 

4). 
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Figure 3 shows how many genes from the TCGA database fall into each category of association 
E\�3HDUVRQ¶V�5-FRUUHODWLRQ�FRHIILFLHQW�����JHQHV�GHQRWHG�³SULPDU\�JHQHV´��KDYH�5�YDOXHV�!�>��@�� 
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Figure 4 shows ���PHFKDQLVPV�ZLWK�ZKLFK�DW�OHDVW�RQH�³SULPDU\´�JHQH�DQG�RQH�³VHFRQGDU\´�
gene are associated with. These are mechanisms in which VIP may be implicated. 
 

Gene Associations by Germ Layer: To obtain further insight into histologies where this 

may be more preYDOHQW�WKH�³/HDG´�JHQHV�ZHUH�DQDO\]HG�IRU�DVVRFLDWLRQ�ZLWK�9,3�E\�JHUPLQDO�

layer (Figure 5 and Figure 6). Strong shifts in associations were seen between the germ layers. 

Lead genes appeared to have greater associations (R values of .4 and greater or -.4 or lower) in 

the ectodermal and mesodermal germ layers, for genes ZEB1, PTCH1, GMPS, CDK2, and 

TIMELESS (ectodermal) and genes ZEB1, NOS2, TEK, and RUVBL1 (mesodermal).  
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We further characterized the associations of PACAP, an analog peptide thought to 

competitively bind to the VPAC1 and VPAC2 receptors to establish if these act and signal 

through similar pathways (Figure 7). Lead genes showed weak associations across ectodermal 

and mesodermal germ layers. The only gene that displayed a greater association (R values of .4 

and greater or -.4 or lower) with VIP was ZEB1 in the endodermal germ layer. These results in 

FRQWUDVW�ZLWK�UHVXOWV�REWDLQHG�ZLWK�9,3�YV�³/HDG´�JHQHV�E\�JHUP�OD\HU�IXUWKHU�VXSSRUW�WKH�QRWLRQ�

WKDW�9,3¶V�UROH�LQ�SDWKZD\V�LQYROYLQJ�WKH�³/HDG´�JHQes may be of some significance.  

 
Figure 5 VKRZV�DVVRFLDWLRQV�RI�9,3�ZLWK�³SULPDU\´�JHQHV�E\�JHUPLQDO�OD\HU��9,3�DSSHDUV�WR�
have strongest associations with lead genes in the ectodermal and mesodermal layers. 
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Figure 6 shows which germ layer each primary gene was most associated with.  

 
Figure 7 VKRZV�DVVRFLDWLRQV�RI�3$&$3�ZLWK�³OHDG´�JHQHV�E\�JHUPLQDO�OD\HU��3$&$3�DSSHDUV�WR�
have weak associations with lead genes in the ectodermal and mesodermal layers. 
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Gene Associations by Histology: Further analysis for associations of VIP with 

³primary´�JHQHV�E\�WKH�FDQFHU�W\SHV�WKDW�IDOO�LQWR�HLWKHU�HFWRGHUP��HQGRGHUP��RU�PHVRGHUP�

revealed tissue histologies in which VIP is suspected to have impact (Figure 8). Within 

ectodermal tumors, associations > [.4] were noticed in breast invasive carcinoma (BRCA), brain 

lower grade glioma (LGG), lung squamous cell carcinoma (LUSC), and rectum adenocarcinoma 

(READ) tumor histologies for TEK, GMPS, RUVBL1, TIMELESS, and MAPK3 genes, and 

[>.5] in LUSC and READ tumor histologies for TEK, GMPS, and ZEB1 genes. Within 

endodermal tumors, associations > [.4] were noticed in cholangiocarcinoma (CHOL), esophageal 

carcinoma (ESCA), lung adenocarcinoma (LUAD), pancreatic adenocarcinoma (PAAD), 

stomach adenocarcinoma (STAD), and uterine corpus endometrial carcinoma (UCEC) tumor 

histologies for CDK2, TEK, TIMELESS, ZEB1, RUVBL1, EIF4G1 genes, and [>.5] in colon 

adenocarcinoma (COAD), esophageal carcinoma (ESCA), PAAD, STAD, thymoma (THYM) 

and UCEC tumor histologies for ZEB1, TEK, and TIMELESS. The most significant association 

of R = .7643 was noted in endodermal tumor, STAD with gene ZEB1 (Figure 9). Within 

mesodermal tumors, associations > [.4] were noticed in kidney chromophobe (KICH), kidney 

renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), mesothelioma 

(MESO), and testicular germ cell tumors (TGCT) tumor histologies for ZEB1, NOS2, RUVBL1, 

EIF4G1, TEK, and TIMELESS genes, and [>.5] in KICH tumors for genes TEK and GMPS. 
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Figure 8 VKRZV�DVVRFLDWLRQV�RI�9,3�ZLWK�³SULPDU\´�JHQHV�E\�WKH�FDQFHU�W\SHV�WKDW�IDOO�LQWR�HLWKHU�
ectoderm, endoderm, or mesoderm.  

 
Figure 9 shows the most significant association found in the TCGA dataset, R-value of 0.7643. 
This association is between VIP and ZEB1 in Stomach Adenocarcinoma (STAD).  
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In Vitro Modeling: In vitro experiments using Jurkat T cells confirmed expression of 

VIP and ZEB1 proteins. Jurkat T-cells were used as a model organism and treated with the VIP-

5�LQKLELWRU�$17����DQG�9,3�DJRQLVW�DW�FRQFHQWUDWLRQV�RI��ȝ0���ȝ0���ȝ0����ȝ0��DQG���ȝ0��

Ant 308 reduced VIP and ZEB1 protein expression while VIP agonist increased VIP expression. 

(Figure 10).

Figure 10 shows western blot of Jurkat T-cells treated with VIP antagonist (ANT 308) and 

agonist.  

 

Figure 11 shows ZEB1 expression after quantification of nine western blots of Jurkat T-cells 
treated with VIP antagonist (ANT 308) and agonist.  
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Figure 12 shows VIP expression after quantification of nine western blots of Jurkat T-cells 
treated with VIP antagonist (ANT 308) and agonist.  
 

 

 
4 Discussion 
 

Across all cancers, VIP was found to be associated positively with pathways related to 

HIF1 signaling, EMT, MAPK signaling, hedgehog, epigenetic & transcription regulation, FGFR, 

inflammation, and myeloid immune invasion. Negative associations were seen in pathways 

related to the cell cycle, mTOR signaling, immortality & stemness, interferon response, WNT 

signaling, and DNA damage repair. A total of 14 mechanisms of interest were identified. These 

data also demonstrate that VIP mRNA transcription is differentially associated with the 10 Lead 

gene pathways based on tumor germ layer origin and histology. In particular, the sub-group 

analysis showed that of the Lead genes, ZEB1, TEK, GMPS, RUVBL1, and TIMELESS showed 

the greatest shifts in association with VIP (>[.5]) in certain individual tumor histologies, 

including rectal adenocarcinoma, pancreatic cancer, stomach adenocarcinoma, esophageal 

cancer, colon adenocarcinoma, and mesothelioma from the normalized R-values of all cancers 
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within the respective germinal layer. Based on the above, we propose that VIP signaling is 

associated with EMT, Cell Cycle, and DNA Damage repair, and that further studies 

interrogating VIP signaling to evaluate the effect on these pathways is necessary. 

 

ZEB1 

ZEB1 is a transcription factor that controls epithelial-to-mesenchymal transition (EMT). 

ZEB1 is expressed in many human cancers where it is thought to be migration, invasion, and 

metastasis. ZEB1 is a zinc finger and homeodomain protein. ZEB1 and ZEB2 are both apart of 

zfh transcription factor family (Zhang et al.). The protein-binding domains on ZEB1 and ZEB2 

that are important for managing their transcriptional activity include SMAD-, CtBP-, and p300-

P/CAF-interaction domains. Unlike other EMT transcription factors, ZEB1 and ZEB2 may have 

the ability to trigger repression of epithelial genes that encode desmosomes and intermediate 

filaments which are components of adherens and tight junctions (Drápela et al.). ZEB1 and 

ZEB2 can upregulate mesenchymal factors such as vimentin, fibronectin, and N-cadherin. 

Although ZEB1 and ZEB2 are structurally similar, they have different expression domains, 

activities, and knockout mouse phenotypes.  

 

EMT inducing transcription factors include zinc finger projections (SNAI1 and SNAI2), 

basic helix-loop-helix transcription factors (TWIST family and E47), and zinc finger and 

homeodomain proteins (ZEB1 and ZEB2) (Lamouille et al.). An early step in EMT is the loss of 

E-cadherin function 

 

VIP and Tumor Invasion/Metastasis:  
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Tumor metastasis is the leading cause of cancer mortality. Tumors start at a primary site. 

Tumor cells detach from the primary tumor site and initiate the metastatic cascade, which is a 

multi-step process that involves entry into the vasculature, followed by exit of these dislodged 

tumor cells from the vasculature into a distant site. These tumor cells proliferate at the distant 

site, thereby colonizing the distant location (van Zijl, Krupitza and Mikulits). 

VIP seems to have varying effects on invasion and metastasis on variety of cancers. 

Endodermal malignancies such as gastric cancers have increased expression of VIP and VPAC1. 

High expression of VIP and VPAC1 in the gastric cancer positively correlated with distant 

metastasis and tumor cell invasion of normal tissue (Tang et al.). VIP and VPAC1 expression 

cause increased tumor metastasis and invasion by increased Ca2+ entry into the cells mediated 

by TRPV4. Ca2+ entry in turn contributes to tumor metastasis. VIP/VPAC1/TRPV4/Ca2+ 

signaling axis forms a positive feedback loop in that increased Ca2+ causes increase in VIP 

secretion in gastric tumor. In addition, TRPV4 has been recently implicated to inactivate PTEN 

tumor suppressor gene involved the PI3K pathway, thereby drive oncogenesis in colon 

carcinoma models (Liu et al.). 

VIP has tumor-dependent effects on the tumor metastasis and invasion. VIP has shown to 

down-regulate metastatic potential in endodermal malignancies while in mesodermal and 

ectodermal malignancies VIP has shown to increase metastatic potential. However, it is clear that 

VIP signaling pathway has regulatory effects on tumor metastasis and invasion. Therefore, 

therapeutically, effects of VIP agonists and antagonists on VIP signaling pathway hold a promise 

for future research.   
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Overall, this data strongly supports that VIP has broader mechanistic roles ± apart from 

T-cell suppression and MDSC activation ± in cancer that are undiscovered. For instance, it may 

work upstream of ZEB1 to regulate EMT. The results demonstrate autocrine signaling between 

VIP expression and cancer associated gene pathways. ZEB1 is a known EMT (epithelial 

mesenchymal transition) regulator, and our in vitro studies novelly link VIP to EMT and 

demonstrate that this pathway is therapeutically targetable using a VIPR inhibitor. Figure 11 

shows a proposed mechanism by which VIP and ZEB1 may interact. Additionally, The VIP 

pathway may implicate other genes such as ZEB1, however this pathway remains largely 

uncharacterized. 

 

Figure 11 shows a proposed mechanism for VIP and ZEB1 signaling.  

Limitations to this work include the pre-defined subset of genes used, which may miss 

other associations. VIP was also not associated [>.2] for all genes categorized under a pathway 

per the Nanostring panel. The definition of primary and secondary genes and need for at least 1 

primary gene per pathway of interest excludes certain pathways for which associations secondary 

genes were identified but lacked a primary gene (T-cell exhaustion, Cell adhesion and mobility). 

However, our methodology represents an initial effort to identify genes of interest, and further 
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studies are going to look at this more broadly across all mRNA sequenced genes using 

LinkedOmics. Another limitation of study is that TCGA PANCAN dataset underrepresented 

certain cancers, such as melanomas. In future studies, we would delve into broader datasets with 

represent a newer variety of cancers. Finally, repeating this experiment in a GI cancer cell line 

would be the next step, as restricting the in vitro studies to Jurkat T cells has been another 

limitation of this work. Of interest are cell lines HGT1 and HT29 as they are GI cancer cell lines 

that produce quantifiable amounts of both VIP and ZEB1.  

As this is hypothesis generating research, there are many directions in which these results 

can be taken. Further analysis into tumor group may help localize any relationships between 

primary genes and VIP witnessed by tissue histology. Additionally, studying survival impact, 

repeating in vitro studies in a GI cancer cell line, delving further into mechanisms in which VIP 

showed meaningful associations with, and looking into cancer types not studied using the TCGA 

Pan-Can database are among some next steps.  
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