
 

 
 
 
 
 
 
 
 

 
 

Contractile response of alveolar epithelial cells 
to biochemical or mechanical stimulation 

probed by traction microscopy 
 

Núria Gavara i Casas 
 
 
 
 
 
 
 
 

ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a l’acceptació de les següents condicions d'ús: La difusió 
d’aquesta tesi per mitjà del servei TDX (www.tesisenxarxa.net) ha estat autoritzada pels titulars dels drets de propietat 
intel·lectual únicament per a usos privats emmarcats en activitats d’investigació i docència. No s’autoritza la seva 
reproducció amb finalitats de lucre ni la seva difusió i posada a disposició des d’un lloc aliè al servei TDX. No s’autoritza la 
presentació del seu contingut en una finestra o marc aliè a TDX (framing). Aquesta reserva de drets afecta tant al resum 
de presentació de la tesi com als seus continguts. En la utilització o cita de parts de la tesi és obligat indicar el nom de la 
persona autora. 
 
 
ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptación de las siguientes condiciones de uso: La 
difusión de esta tesis por medio del servicio TDR (www.tesisenred.net) ha sido autorizada por los titulares de los derechos 
de propiedad intelectual únicamente para usos privados enmarcados en actividades de investigación y docencia. No se 
autoriza su reproducción con finalidades de lucro ni su difusión y puesta a disposición desde un sitio ajeno al servicio 
TDR. No se autoriza la presentación de su contenido en una ventana o marco ajeno a TDR (framing). Esta reserva de 
derechos afecta tanto al resumen de presentación de la tesis como a sus contenidos. En la utilización o cita de partes de 
la tesis es obligado indicar el nombre de la persona autora. 
 
 
WARNING. On having consulted this thesis you’re accepting the following use conditions:  Spreading this thesis by the 
TDX (www.tesisenxarxa.net) service has been authorized by the titular of the intellectual property rights only for private 
uses placed in investigation and teaching activities. Reproduction with lucrative aims is not authorized neither its spreading 
and availability from a site foreign to the TDX service. Introducing its content in a window or frame foreign to the TDX 
service is not authorized (framing). This rights affect to the presentation summary of the thesis as well as to its contents. In 
the using or citation of parts of the thesis it’s obliged to indicate the name of the author. 



 

Contractile response of alveolar epithelial cells 
to biochemical or mechanical stimulation 

probed by traction microscopy 

A dissertation by
Núria Gavara i Casas 

in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy 

Thesis supervisor :  Prof. Ramon Farré i Ventura

 Unitat de Biofísica i Bioenginyeria
Dept.  de Ciències Fisiològiques I

Facultat de Medicina, Universitat de Barcelona.



Chapter 6. Conclusions of the thesis 

Implementation of a traction microscopy setup specifically adapted to 

measure the contractile forces of human alveolar epithelial cells in 

culture 

1. A traction microscopy setup to study the contractile properties of human alveolar 

epithelial cells in culture has been implemented. The setup developed allows 

determination of the total force magnitude exerted with ~ 1µm spatial resolution 

and 5 nN force resolution (aims 1.1 and 1.2). 

2. A software to determine the contour of an adhered cell from a brightfield or phase 

contrast image of the cell has been developed. Unlike most of the traction 

microscopy studies reported to date, this software enables objective determination 

of the cell contour (aim 1.3) 

Contractile response of human alveolar epithelial cells to a 

biochemical stimulus (thrombin) 

3. A protocol for constructing suitable polyacrilamide gels to perform traction 

microscopy experiments on human alveolar epithelial cells has been adjusted. In 

addition, the elastic properties of the gels have been determined using atomic force 

microscopy (aims 2.1 and 2.2). 

4. The time-course of the contractile response of alveolar epithelial cells to thrombin 

challenge has been measured. Thrombin (1 U/ml) challenge induced a fast 2.5-fold 

increase in total force magnitude. Thrombin-induced contraction reached a plateau 

8 min after challenge (aim 2.3). 
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5. The distribution of contractile forces exerted by adhered cells before and after 

thrombin stimulation was studied. Contractile forces were mainly exerted at the cell 

periphery and pointed towards the nucleus. Thrombin addition did not change 

force distribution but increased the centripetal direction of forces (aim 2.4). 

6. Actin polymerization and reorganization induced by thrombin challenge was 

observed. Thrombin induced actin polymerization and formation of a peripheral 

actin rim (aim 2.5). 

7. The role of the actin cytoskeleton on the thrombin-induced cell contraction was 

studied. Depolymerization of the actin cytoskeleton with cytochalasin D inhibited 

thrombin-induced cell contraction and actin polymerization (aim 2.6). 

8. The role of pathways signalling MLC phosphorilation in the contractile response to 

thrombin were studied. Inhibition of MLCK with ML7 inhibited the contractile 

response induced by thrombin but not actin polymerization. Inhibition of Rho-

kinase with Y-27632 inhibited thrombin-induced contraction and reduced actin 

polymerization (aim 2.7). 

Contractile response of human alveolar epithelial cells subjected to 

stretch. 

9. A protocol for constructing suitable collagen gels which firmly attached to silastic 

membranes and supported ~14% lineal deformation was adjusted. In addition, the 

elastic properties of the gels at different strain levels were determined using atomic 

force microscopy (aims 3.1 and 3.2). 

10. A stretching device to apply controlled biaxial and uniform strains to cultured cells 

and simultaneously measure contractile forces by deforming the gel substrate to 

which they are adhered has been designed, implemented and validated (aim 3.3). 

11. Contractile forces of human alveolar epithelial cells before, during and after being 

subjected to a stepwise deformation were measured. Stretch application induced 

increase in contractile forces up to 2-fold for 11% linear strain. This increase 

depended on the amount of applied stretch (aim 3.4).  

12. Stretch release resulted in cell relaxation, reaching 33% of baseline value for 11% 

linear strain. Cell relaxation also depended on the amount of previously applied 

stretch (aim 3.4). 

13. The role of actin polymerization in the contractile response to stretch was studied. 

No significant changes were found on the amount of polymerized actin before, 
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during or after stretch release (aim 3.5). 

14. The role of actomyosin crossbridges detachment in the contractile response to 

stretch was studied. When contractile force generation was reduced by inhibiting 

MLCK, the relative increase in traction forces due to stretch application was larger 

(140% vs baseline) than in control conditions (45% vs baseline) (aim 3.6).  

15. The relative decrease in contractile forces after stretch release in MLCK inhibited 

cells was smaller than in control conditions (aim 3.6).  

16. Together, conclusions number 14 and 15 suggest that stretch induces actomyosin 

crossbridges detachment (aim 3.6). 

17. The temporal changes in cell contractility after stretch release were measured. After 

stretch release, contractile forces progressively recovered, reaching the baseline 

values 8 minutes later (aim 3.7). 

General conclusions 

18. Thrombin and stretch, which are stimuli characteristic of ALI/VILI, induce 

contraction of alveolar epithelial cells. 

19. The observed cell contraction can impair the force balance of the alveolar epithelial 

barrier. Potentially resulting paracellular gaps could potentially initiate the novo injury 

in healthy lungs or exacerbating pre-existing lung injury. 


