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1. INTRODUCTION: Piezo1 is a mechanosensitive ion channel that has gained recognition for its role 
regulating diverse physiological processes. However, the influence of Piezo1 in inflammatory disease, 
including infection and tumor-immunity, is unknown. We postulated that Piezo1 links physical forces to 
immune regulation in leukocytes. 
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3. ACCOMPLISHMENTS: The PI is reminded that the recipient organization is required to obtain prior written 
approval from the awarding agency Grants Officer whenever there are significant changes in the project or 
its direction. 

o What were the major goals of the project? 

We postulated that Piezo1 activation by mechanical forces promotes immune suppression in the 
pancreatic tumor microenvironment by driving the tolerogenic differentiation of monocytic cells. We 
further hypothesized that targeting Piezo1 will enhance anti-tumor immunity. Our objective is to 
determine the efficacy of targeting Peizo1 as a novel immunotherapy for pancreatic ductal 
adenocarcinoma (PDA). The FY17 Military Relevance Focus area is “Gaps in Pancreatic Cancer 
Treatment”.  

What was accomplished under these goals? 

1. We discovered mechanical signal transduction via Piezo1 in both myeloid and T cells. Further, 
Piezo1 is the primary sensor of mechanical pressure in leukocytes. Global inhibition of Piezo1 
was protective against cancer and resulted in a diminution in monocyte infiltration. Selective 
deletion of Piezo1 in myeloid cells also protected against cancer. Mechanistically, we discovered 
that Piezo1 promotes myeloid cell expansion by suppressing Rb1 expression via upregulation of 
HDAC2. Collectively, these findings uncover Piezo1 as a targetable immune checkpoint that 
drives immune-suppressive myelopoiesis. 
 

2. Aim 1. To determine the effects of global or compartment-specific inhibition or activation of 
Piezo1 on PDA progression 
Aim 2. To determine the mechanistic influence of Piezo1 on monocytic cellular differentiation in 
the PDA tumor microenvironment 
Aim 3. To determine whether targeting Peizo1 enables efficacy of checkpoint-based 
immunotherapy in PDA 
 

 



3. To assess the influence of global Piezo1 signaling on the progression of pancreatic ductal 
adenocarcinoma (PDA), we utilized GsMTx4 and Yoda1, respectively, to inhibit or activate 
Piezo1. Inhibition of Piezo1 conferred tumor-protection in an orthotopic PDA model using tumor 
cells derived from Pdx1Cre;KrasG12D;Tp53R172H (KPC) mice (Figure 1a). By contrast, activation of 
Piezo1 accelerated tumor growth (Figure 1b). We then analyzed the intra-tumoral immune 
phenotype in PDA-bearing mice treated with GsMTx4. We discovered that the Gr1+CD11b+ 
myeloid derived suppressor cell (MDSC) population was sharply diminished upon Piezo1 
inhibition (Figure 1c). By contrast, activation of Piezo1 in vivo with Yoda1 increased cellular 
expansion of MDSC in PDA (Figure 1c). To evaluate the therapeutic efficacy of Piezo1 inhibition 
in human PDA, we treated patient-derived organotypic tumor spheroids (PDOTS) from freshly 
resected human tumor specimens with GsMTx4 or vehicle using a 3-dimensional microfluidic 
system we recently validated. Piezo1 inhibiton resulted attenuated spheroid growth in PDOTS 
(Figures 1e). By contrast, Piezo1 activation accelareted spheroid growth in PDOTS (Figures 
1f). 
Based on our observations that pan-inhibition or deletion of Piezo1 reduced MDSC infiltration in 
PDA, whereas Piezo1 activation increased MDSC infiltration (Figure 1 a – d), we postulated an 

immune-

regulatory role for Piezo1 signaling in myeloid cells. To investigate the impact of Piezo1 signaling 
in myeloid cells, we generated Lyz2MCre;Piezo1fl/fl mice. Next, we challenged Lyz2MCre;Piezo1fl/fl 
mice and controls with orthotopic KPC tumors. Lyz2MCre;Piezo1fl/fl mice were protected against 
PDA (Figure 2a). Tumors in Lyz2MCre;Piezo1fl/fl mice exhibited a reduced MDSC infiltrate akin to 
pan-inhibition of Piezo1 (Figure 2b). Moreover, consistent with our previous reports that MDSC 
suppress adaptive immunity in PDA, we found that targeting Piezo1 in myeloid cells resulted in 
enhanced intra-tumoral CD4+ and CD8+ T cell immunogenicity (Figure 2c, d). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Since Rb1 can suppress MDSC expansion, we postulated that Piezo1 controls MDSC levels in 
disease by regulation of Rb1. Consistent with our hypothesis, we found that increasing 
mechanical pressure in myeloid cells lowered expression of Rb1 (Figure 3a). Similarly, 
activating Piezo1 using Yoda1 reduced Rb1 expression, indicating that Piezo1 signaling or 
mechanical stimulation suppress Rb1 (Figure 3b). Since Rb1 expression is inhibited by histone 
deacetylase 2 (HDAC2), we hypothesized that Piezo1 signaling expands MDSC by suppressing 
Rb1 via epigenetic silencing. Consistent with our hypothesis, we observed reduced HDAC2 
expression in Lyz2MCre;Piezo1fl/fl myeloid cells (Figure 3c). Using ChIP-sequencing (ChIP-seq), 
we confirmed enhanced histone acetylation of the Rb1 promoter in bone marrow cells of 
Lyz2MCre;Piezo1fl/fl (Figure 3d).  Moreover, inhibition of HDAC-2 abrogated tumor protection and 
differential MDSC contraction in Lyz2MCre;Piezo1fl/fl mice (Figure 3e, f) indicating that deletion of 
Piezo1 in myeloid cells protects against tumor growth in an HDAC2 dependent manner. 

Of note, we did not 
investigate the role of 

inhibition of Piezo1 
concomitant to 
checkpoint blockade 

therapy.  

o What 

opportunities for training and professional development has the project provided? 

 This project provided training opportunities for 1 postdoctoral fellow (Berk Aykut, MD) and 1 
research technician (Ruonan Chen).  

o How were the results disseminated to communities of interest? 

 Nothing to Report. 

o What do you plan to do during the next reporting period to accomplish the goals? 

 Nothing to Report. 

4. IMPACT: Describe distinctive contributions, major accomplishments, innovations, successes, or any change 
in practice or behavior that has come about as a result of the project relative to: 

o What was the impact on the development of the principal discipline(s) of the project? 

 In aggregate, these data show that Piezo1 is an ion channel checkpoint which has the 
capacity to markedly suppress immunological responses via enhancing myeloid cell-induced 
tolerance. Moreover, pharmacological targeting of Piezo1 in myeloid may have therapeutic 
implications to cancer immunotherapy.  



o What was the impact on other disciplines? 

 Nothing to Report. 

o What was the impact on technology transfer? 

 Nothing to Report. 

o What was the impact on society beyond science and technology? 

 Nothing to Report. 
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 Nothing to Report. 

 

o Actual or anticipated problems or delays and actions or plans to resolve them 

 Nothing to Report. 
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 Nothing to Report.. 
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select agents 

 Nothing to Report. 
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o Website(s) or other Internet site(s) 
The ChIP-seq data are deposited in the Gene Expression Omnibus database under accession 
number GSE155340.  

o Technologies or techniques 
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