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Summary 

Aberrant mechanotransduction, a process of converting mechanical stimuli into signalling cascades inside the 

cell, is associated with multiple human disorders including inflammatory conditions. The role of 

mechanotransduction in the pathogenesis of psoriasis started to be recognised, however, the 

mechanosensitive molecular mechanisms regulating the inflammatory response in the skin remain unclear 

(Malakou et al., 2018). Among other factors, psoriasis has been found to associate with increased levels of 

TGF-β in the skin and serum of patients. The activation of TGF-β from its latent form is mediated by 

mechanosensitive adhesion receptor αV integrin (Shi et al., 2011). At present, the role of the epidermis in TGF-

β activation and its implications for psoriasis pathogenesis are unknown. 

In this project, we will test the hypothesis that the upregulation of mechanotransduction in psoriatic 

keratinocytes leads to the activation of the αVβ6 integrin complex, increasing the release of intrinsically 

produced latent TGF-β in the epidermis. Using a combination of innovative cell culture, biochemical, imaging 

and genetic methods, we will investigate the mechanisms of integrin-dependent TGF-β activation in 

keratinocytes in normal and pathological conditions. This project will advance the understanding of the role 

of mechanotransduction in the epidermal TGF-β regulation via mechanoactivation of αVβ6 integrin. Our data 

might suggest new potential targets for a much needed innovative topical therapy of psoriasis. 

Background and Rationale 

Many aspects of the molecular pathology in epidermis and the underlying mechanisms that trigger psoriasis 

remain unknown. Despite IL17-A being a critical effector cytokine in the disease, the mechanosignaling may 

be a tigger for inflammatory cascades. Mechanical stress is among the factors implicated in the development 

of the disease, illustrated by Koebner phenomenon, where psoriatic plaques appear following mechanical 

trauma (Ji & Liu 2019). Our knowledge on functional importance of mechanical cues and mechanotransduction 

in the pathogenesis of psoriasis and cutaneous inflammation in general is not well understood.  

A major class of mechanosensitive extracellular matrix (ECM) receptors are integrins, in which unique 

combinations of α and β subunits create specificity for a variety of substrates and intracellular response 

(Seetharaman & Etienne-Manneville 2018). Integrins activate and cluster under mechanical load 

strengthening the attachment to ECM. Integrin αV complexes, however, have a unique function of binding and 

“opening” TGF-β-binding LAP (latency-associated peptide) within the ECM, thus releasing free TGF-β in the 

extracellular space. Keratinocytes express integrin αVβ6, which become upregulated in migrating cells and in 

chronic wounds (Martin 1997; Häkkinen et al. 2004). The role of αV integrin in the pathogenesis of epidermal 

inflammation is not known. 

TGF-β is a pro-inflammatory cytokine implicated in psoriasis (Li et al., 2004; Han et al., 2010). Whereas TGF-β 

has a strong pro-fibrotic activity, its role in psoriasis, which does not have a fibrotic component, may be 

predominantly in the regulation of homeostasis, proliferation and cytokine secretion in the epidermis. 

Previously, we have shown that mechanotransduction in keratinocytes is upregulated through Rho-GTPase 

pathway under inflammatory conditions mimicking psoriasis (Borowczyk et al., 2021). Here we propose that 

this upregulation has a functional relevance for the αVβ6 regulation and αVβ6-dependent LAP opening and 
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TGF-β release. To investigate the changes in αVβ6 function induced by psoriatic inflammation and its 

regulation via altered mechanotransduction, we formulated the specific aims as follows (Fig. 1): 

1. Analysis of the αV, β6 and αVβ6 complex expression and 

localisation 

2. Analysis of TGF-β activation by keratinocytes 

3. Effects of mechanical stimulation of keratinocytes on integrin 

function and TGF-β activation 

4. Pharmacological inhibition of the components of mechano-

transduction pathways 

5. Genetic manipulation of αVβ6 expression 

Experimental Approach 

Model system. To study the αVβ6 regulation and TGF-β activation in vitro, primary human keratinocytes and 

N/TERT normal human keratinocytes (Smits et al., 2017) will be grown either as undifferentiated monolayer 

2D cultures or as fully differentiated 3D Reconstituted Human Epidermis (RHE). Two models of psoriatic 

inflammation will be employed: (i) stimulation of cells with specific inflammatory cytokines (“M5” cocktail: IL-

17A, IL-22, Oncostatin M, TNFα, and IL-1α) as previously described (Guilloteau et al., 2010), and (ii) 

keratinocytes obtained directly from lesional psoriatic skin. 

1. Analysis of the αV and β6 integrins and αVβ6 complex expression and localisation 

First, we will evaluate the changes in the integrin expression and distribution 

associated with psoriatic inflammation. Using immunofluorescence and 

immunohistochemistry techniques, we will perform analyses of the skin 

biopsies to reveal the patterns of αV, β6, and αVβ6 expression in psoriasis 

patients versus healthy individuals. Next, same analysis will be done in our 

2D and 3D in vitro models of psoriatic inflammation. The levels of integrin 

expression will be also tested by Western blotting and RT-qPCR. Our 

preliminary data indicate the existence of distinct αV and αVβ6 

subpopulations in keratinocytes and an inflammation-induced upregulation 

of the integrin expression (Fig. 2). The inflammation-induced integrin 

phenotypes defined in this aim will serve as readouts in the subsequent 

functional experiments. 

2. Analysis of TGF-β activation by keratinocytes  

The functional significance of the alterations in αVβ6 complex will be 

evaluated by the cell ability for LAP binding. The group of our collaborator Prof. Wehrle-Haller (UNIGE) 

developed a LAP-GFP construct suitable for substrate coating to study the interaction of the integrin complex 

with LAP. The ability for binding LAP will be measured by the size of the dark areas on the coated substrate 

cleared by the cells (Fig. 3). A complementary approach will be a detection of TGF-β mRNA expression and the 

release of TGF-β active form by keratinocytes in different experimental conditions using RT-qPCR and ELISA.  

3. Effects of mechanical stimulation of keratinocytes on αVβ6 

function and TGF-β activation 

Here, we will test the idea that mechanical stimulation of 

keratinocytes can reinforce the effects of the inflammation via 

activation of mechanotransduction, as suggested by the clinical 

observation of Koebner phenomenon. For that purpose, we will use 

the mechanoculture device, which allows a uniaxial stretch of 
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cultured cells and is compatible with imaging, RNA and protein 

assays (https://cellscale.com/products/mcfx/), which has been 

already optimised in the lab (Fig. 4). We will compare the relevant 

mechanopathways, integrin expression and localisation, and LAP 

binding ability in the stretched and rested cells (in both control and 

“psoriatic” conditions).  

4. Pharmacological inhibition of the components of mechano-

transduction pathways 

To test the hypothesis that the mechanotransduction pathways upregulated in inflammatory conditions 

mediate αVβ6 function, we will perform functional experiments to interfere with mechanosignaling. The 

individual components of mechano-pathways will be inhibited by small molecule inhibitors: CT04 for Rho-

GTPase, ML-7 for myosin light chain kinase (MLCK), Y-27632 for Rho-kinase (pan-ROCK), KD025 specifically for 

ROCK2, blebbistatin for myosin II, PF562271 for FAK, verteporfin and cerivastatin for YAP etc.). Then the 

integrin expression, distribution, complex formation and efficacy of LAP binding will be evaluated. The 

advantage of this approach is in its easy applicability and a potential transfer of the results into clinics. For 

example, KD025 and YAP inhibitors are already being involved in clinical trials for therapies of other diseases.  

5. Genetic manipulation of αVβ6 expression 

To prove the role of αVβ6 complex, we will perform a series of loss-of-function experiments. The expression 

of individual integrins in keratinocytes will be genetically manipulated using siRNA and lentiviral shRNA 

knockdown (suitable for RHEs) or, alternatively, CRISPR/Cas9 gene knockout. The ability of cells to activate 

TGF-β will be assessed using the LAP-GFP substrate binding. Other relevant cell phenotypes identified in the 

previous aims will be also evaluated in the depleted cells and RHEs. Subsequently, depletion-resistant 

constructs will be re-expressed in attempt to rescue the phenotypes. As a possible complementary method, 

inactivating antibodies or soluble recombinant LAP might be also applied to inhibit the integrins. 

Feasibility 

The proposed experiments will be performed by the applicant in a timeline of 1.5-2 years, and W.H. Boehncke 

will supervise the project. Our laboratory has been studying cutaneous inflammation focusing on psoriasis for 

several years, and we have the knowledge and technical expertise required to accomplish the project. We 

have a large collection of skin biopsies from the Dermatology department of the University Hospitals of Geneva 

and external collaborators. A collection of primary healthy and psoriatic keratinocytes is already created and 

preserved. Our laboratory has well established protocols for keratinocyte culture models to study psoriasis. 

The resources, equipment and facilities needed to perform the proposed experiments are available at the 

Dermatology Department (HUG) and the Centre Medicale Universitaire (CMU). To ensure a positive outcome, 

we propose alternative approaches and the specific aims can be developed independently.  

Impact 

Cutaneous inflammation is still an underestimated problem in clinical medicine, and psoriasis has been 

declared a global health problem (Boehncke & Gilliet 2015). Efforts to better understand this condition are 

therefore highly warranted. We expect that the data obtained in this study will significantly advance our 

understanding of the molecular mechanisms linking mechanotransduction and cutaneous inflammation. Our 

results will also have a value beyond psoriasis pathology since the project investigates fundamental cellular 

processes that can be relevant for other pathological conditions such as fibrosis, and for normal tissue 

homeostasis in general. The data will be presented at international congresses in the field of dermatology and 

immunology (European Congress of Immunology, European Society for Dermatological Research etc.). At least 

one original research paper will be published as a result of the project.  
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Detailed Budget 

Recombinant proteins  4’000 CHF 

Reagents for RNA extraction and RT-PCR  2’000 CHF 

Antibodies for immunostaining and Western blotting 5’000 CHF 

Cell culture plastic and reagents (media etc.) 5’000 CHF 

Bioimaging facility fees 5’000 CHF 

Small molecule protein inhibitors 1’000 CHF 

Transfection reagents 1’000 CHF 

Gene depletion constructs (siRNA, shRNA) 2’000 CHF 

TOTAL 25’000 CHF 
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