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Nanoscale architecture of force bearing focal adhesions. 

Super-resolved structure of phosphorylated paxillin using dSTORM (yellow-red). Micropillar 
locations are correlated to the super-resolved FAs through direct observation of the Alexa405-
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1. Scientific results 2014 
The programme is now in it's fourth year and results are rolling out. On our latest programme-
meeting end of 2014 it was decided that we will organize a larger international meeting in 2016 to 
disseminate the results and position the Dutch initiative in international context. It is planned to 
include in the conference the novel initiatives that, in part, were born out of the programme like 
the organ-on-chip initiative. Part of the exchange funds will be used for the organization of the 
meeting. In the following a brief overview of results reported by the different groups. 
 
Danen Lab: 
We have addressed the role of different integrins in force sensing and application by cells. We 
have found that cells adhering through α5β1 or through αvβ3, can each mediate actin cytoskeletal 
remodeling in response to stiffness variation or cyclic stretching of the ECM. Likewise, they 
generate cellular traction forces of comparable magnitudes and similarly increase these forces in 
response to extracellular stiffening. However, cells using αvβ3 respond to lower stiffness ranges 
and more robustly reorganize their actin cytoskeleton in response to stretch. Moreover, while 
traction forces are centripetally oriented in cells using α5β1, they are more randomly oriented in 
cells using αvβ3. Centripetal traction force orientation requires Rho kinase-Myosin II-mediated 
long stress fibers that are supported by α5β1 while shorter actin cables in αvβ3-expressing cells 
support more random force orientation. Thus, altering the relative abundance of fibronectin-
binding integrins in cell-matrix adhesions affects spatiotemporal organization of force 
transmission. Together with the Schmidt lab, we have investigated how the local abundance of 
candidate force-regulating cell-matrix adhesion proteins relates to cellular force exertion. A 
combination of traction force microscopy with super resolution imaging has been used for this. For 
this, a novel analysis method was used to relate fluorophore blinking events in dSTORM to the 
number of proteins localized to PDMS pillars. This allows us to determine for the first time how 
local force application correlates with local abundance of cell-matrix adhesion proteins such as 
paxillin, vinculin, talin and FAK at sites of cell ECM contact. 
 
Koenderink Lab: 
We have elucidated the origins of the nonlinear elastic behavior of collagen networks by 
combining rheology experiments (at AMOLF) with computational modeling (with Fred 
MacKintosh at the VU). We found that collagen networks strain-stiffen over a wide range of 
collagen concentrations and for varying network architectures (tuned by varying the 
polymerization temperature). Moreover, we found that the networks exhibit a negative normal 
stress when strained in the nonlinear elastic regime. We can quantitatively explain these findings 
by modeling collagen networks as athermal networks of rigid rods with a local connectivity 
between 3 (corresponding to a branched network) and 4 (corresponding to crossslinked fibers). 
Strain-stiffening arises because the connectivity is below the isostatic threshold (6 in 3 dimensions). 
At small strains, the network elasticity is governed by bending deformations of the fibers. When 
subjected to large enough deformations, the networks undergo a phase transition from floppy to 
rigid. The model of the MacKintosh group predicts that the development of rigidity is 
characterized by a strain-controlled continuous phase transition with signatures of criticality. Our 
experimental data are consistent with the model, including the predicted critical exponents. Two 
joint manuscripts are in preparation. 
 
Cells can actively remodel the collagen matrix by exerting contractile forces (known as traction 
forces) on the collagen fibers. These forces are generated by the actomyosin cytoskeleton of the cell, 
and transmitted to the matrix via integrin receptors. We investigated the nonlinear mechanical 
properties of cell-seeded collagen gels to understand the role of cellular traction forces on collagen 
mechanics. We use an experimental model system based on fibroblasts embedded in collagen type 
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I gels. We found that the cells minimally affected the mechanical properties of the collagen gels. 
Using quantitative PCR together with Oscar Stassen and Elly Hol (NIN), we found that collagen 
binding integrins are expressed, but at rather low levels. This may explain our microscopy and 
rheology data that show little cell spreading, little evidence of cell-induced network contraction, 
and essentially no change in network stiffness. This work will be published in the form of a thesis 
chapter. 
 
The fibers that form the extracellular matrix (collagen and fibrin) are bundles of semiflexible 
polymers. Several microscopic models have been developed to explain the mechanics of idealized 
polymer bundles. However, it is unclear how well these models can explain the mechanics of 
collagen and fibrin fibers, in view of their complex molecular packing structure. We elucidated the 
mechanical properties of fibrin fibers by comparing the mechanical properties of fibrin networks 
prepared with different levels of bundling (tuned by varying salt and pH conditions). We 
prepared networks with bundle sizes that range all the way between 1, corresponding to a limit of 
protofibrils, up to 600. We demonstrated that the nonlinear rheology of protofibril networks (N=1) 
is in excellent quantitative agreement with theoretical predictions of the group of Fred MacKintosh 
for networks of semiflexible polymers, allowing us to extract their thermal persistence length and 
enthalpic stretch modulus. We also showed that the mechanics of networks of thick fibers can be 
quantitatively explained by modeling the fibers as bundles of the semiflexible protofibrils. We find 
that the coupling strength between the protofibrils is modulated by FXIII-mediated molecular 
crosslinking. 1 joint manuscript is in preparation. 
 
Fibrin fibers exhibit unusual elastomeric properties: the fibers can be stretched up to 3 or 4 times 
their original length without rupturing. The molecular origin of this elastomeric behavior is still 
poorly understood. The elastomeric behavior may originate from the composite structure of the 
fibers with rigid, folded protein domains interconnected by flexible polymeric linkers, but forced 
unfolding of the fibrin subunits may also contribute. To directly measure molecular changes 
within the fibers upon mechanical stretching, we performed in situ Small Angle X-ray Scattering 
(SAXS) measurements on fibrin gels subjected to uniaxial stretching at the DUBBLE beamline at 
the ESRF. We obtained direct evidence that mechanical stretching causes forced unfolding of the 
fibrin subunits above strains of ~50%. To explain our findings, we started a collaboration with 
Prof. John Weisel (UPenn) and Prof. Valeri Barsegov (Univ. Massachusetts Lowell), who 
performed molecular dynamics simulations stretching fibrin fibers in silico. We find excellent 
agreement between the simulations and our experiments. 1 manuscript is in preparation.  
 
Iannuzzi Lab:  
The realization of a fiber-top cantilever on a small diameter optical fiber for indenting cells inside 
the extracellular matrix proved to entail technical challenges that go beyond the state of the art. 
The fabrication process is extremely complex and yielded only a very small number of working 
probes. From the few probes that could be tested, we could infer that the amplitude of the 
interference signal that lies at the heart of the technology is affected by severe non-linear effects, 
making it nearly impossible to correctly interpret even the simplest of the indentation curves. A 
paper summarizing the limits of this design is under preparation. In parallel to this activity, we 
have teamed up with the Physiology Department of the VUmc to use our (more robust) ferrule-top 
cantilever for a new series of experiments where, for the first time, we recorded the force-length 
loop of an isolated single cardiac cell under physiological conditions. The results of this latter 
study are described in a paper that is currently under review. 
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MacKintosh Lab: 
Our main accomplishments in this project over the past year include combined experimental and 
theoretical studies of sythetic hydrogels that can reproduce many of the elastic properties of intra-
/extra-cellular matrices. This work, with the Rowan group in Nijmegen, has demonstrated 
surprising mechanical critical phenomena in these hydrogels. We have also made substantial 
progress on understanding an outstanding problem of the nonlinear mechanics of collagen 
networks (Licup et al., under review at PNAS and Van Oosten et al, under review at Nat. Comm.). 
This work has shown how stress controls the nonlinear shear modulus of collagen type I networks, 
and that such collagen matrices stiffen under extension and soften under compression. 
 
Mummery Lab: 
We developed an in vitro model for determining cardiomyocyte contractility by combining soft 
substrates (PDMS or polyacrylamide) and micro-contact printing (using gelatin for attachment of 
cardiomyocytes). Substrates are embedded with fluorescent microbeads. Soft substrates allow 
contraction of cardiomyocytes leading to displacements of the beads. Subsequent image and 
software analysis allow contractile force measurement in single cardiomyocytes. This contractility 
platform allows assessment of other biological or functional aspects in the same cardiomyocytes. 
We have analyzed contraction force in combination with electrophysiology and compared results 
to human fetal cardiomyocytes. We found that human pluripotent stem cell-derived 
cardiomyocytes (hPSC-CMs)are molecularly and functionally comparable to second trimester 
human fetal cardiomyocytes. Further, we improved molecular and functional maturation of hPSC-
CMs was achieved by maintaining cardiomyocyte cultures in optimized culture media. These 
optimized culture conditions were applied to hPSC-CMs derived from patients with hypertrophic 
cardiomyopathy disease (mutation in the cardiac gene MYBPC3). We generated a fluorescent 
reporter constructs by fusing mCherry to the cardiac-specific sarcomeric protein alpha-actinin, 
which allows studying live sarcomeric organization and function. This reporter construct is 
compatible with the contractility platform, leading to better insights regarding sarcomeric 
organization and contractile function in control and diseased cardiomyocytes. In addition, we 
developed a platform for expansion and maintenance of multipotent cardiac progenitors using 
inducible cMYC gene overexpression. From these expanded progenitor cells hPSC can be 
differentiated to specific cardiac subtype populations. 
 
Schmidt Lab: 
With the stable production of micropillar-arrays we were able to combine cellular force 
measurements with super-resolution microscopy. Further, the technology was used by Danen, Hol 
and Mummery in our lab. Lately we concentrated on the quest of how cells translate an outside 
mechanical signal into a biochemical inside response. The protein p130Cas thereby was the main 
target. We were able to show, that p130Cas is not only a sensor for extracellular stiffness, but is 
also a main organizer of the focal adhesion complex. Live-cell experiments revealed that p130Cas 
localization precedes cellular force development by 3 minutes. In the other project, together with 
the Danen and Mummery labs, we found a surprising stiffness-dependent behaviour of IPS-
derived pericytes that seems related to their structural function in regulation of capillary diameter.  
 
Storm Lab: 
OIO Novikova spent some time at the University of Pennsylvania, where she initiated new 
research on cell motility with the group of prof. Dennis Discher. A new model, which explains 
certain striking features of durotactic motion (the universal tendency of cells to migrate towards 
regions of increased stiffness) was developed. In addition, a previously developed model for focal 
adhesions was extended to include distinct types of molecular bonds (catch and slip), and the 
ability to determine the spatial patterning that occurs when different types of bonds mix. In a 



 
 
 

 
 
 - 6 - 
 

second project, jointly executed with the Leiden group, we contributed finite element models of 
the flexible pillars used as substrates for contractile cells to characterize in full detail the force-
deflection characteristics. 
 
2. Added value of the programme 
The success of the programme is dependent on the multidisciplinary approach as described above 
which is fostered by extensive discussions and interactions between the different partners. Several 
ideas were generated and further developed following discussion with the different partners. For 
example a traction force assay in combination with soft substrates to analyses cardiomyocyte 
contractility, and the generation of the alpha-actinin-mCherry fusion protein for visualization of 
sarcomere movement and organization in live cardiomyocytes. 
The programme continues to support international collaborations outside the consortium, enabling 
the implementation of soft substrate, micro-contact printing and traction force measurements in 
our lab. Four of the PhD candidates were able to visit labs in Boston, Philadelphia, Paris and 
Grenoble to either learn new techniques or to extend their international exposure. In our previous 
programme meeting we decided to organize an international meeting by spring 2016, financed by 
the programme. 
The results obtained and the techniques developed in this programme fit well in national and 
international initiatives in this research field which are more and more focusing on a 
multidisciplinary approach. That places us at a good position for continued funding and 
collaborations. 
 
3. Personnel 
Two of the PhD candidates within our programme successfully defended their thesis in 2014: 
- H van Hoorn, Cellular Forces. Adhering, Shaping, Sensing and Dividing. Leiden University, 

Thesis October 2014. 
- Elizaveta Novikova, Modelling Cell Interaction with the Stiffness of the Extracellular Matrix. 

Eindhoven University of Technology, Thesis December 2014. 
 
4. Publications 
09MMC01 & 09MMC10 
- H. van Hoorm, Cellular Forces. Adhering, Shaping, Sensing and Dividing. Thesis October 2014 
- Hedde van Hoorn, Rolf Harkes, Ewa M. Spiesz, Cornelis Storm, Danny van Noort, Benoit 

Ladoux, and Thomas Schmidt (2014) The Nanoscale Architecture of Force-Bearing Focal 
Adhesions., Nano Lett., 14, 4257–4262. 

- S.F. Fenz, R. Sachse, T. Schmidt & S. Kubick (2014) Cell-free synthesis of membrane proteins: 
Tailored cell models out of microsomes., Biochim Biophys Acta., 1838, 1382-8. 

- O. Beutel, J. Nikolaus, O. Birkholz, C. You, T. Schmidt, A. Herrmann and J. Piehler. (2014) High-
fidelity protein targeting into membrane lipid microdomains in living cells., Angew Chem Int 
Ed Engl., 53, 1311-1315. 

 
09MMC02 
- Ribeiro M.C., Tertoolen L.G., Guadix J.A., et al. Functional maturation of human pluripotent 

stem cell derived cardiomyocytes in vitro e Correlation between contraction force and 
electrophysiology. Biomaterials. 2015;51:138–150. doi:10.1016/j.biomaterials.2015.01.067. 

- Birket M.J., Ribeiro M.C., Verkerk A., Ward D., et al. Expansion and developmental patterning 
of human pluripotent stem cell-derived cardiovascular progenitors. Under revision in Nature 
Biotechnology. 
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- Ribeiro M.C.*, Birket M.J.*, Kosmidis G., et al. Contractile defect caused by mutation in 
MYBPC3 revealed under conditions optimized for human PSC-cardiomyocyte function. 
Submitted to Cell Reports. 

- Kosmidis G., Bellin M., Ribeiro M.C., et al. Enhanced calcium transient decay in human 
pluripotent stem cell derived cardiomyocytes exposed to dexamethasone. Submitted to 
Biochemical and Biophysical Research Communications. 

 
09MMC03 
- Truong H.H., Xiong J., Ghotra V.P., Nirmala E., Haazen L., Le Dévédec S.E., Balcioğlu H.E., He 

S., Snaar-Jagalska B.E., Vreugdenhil E., Meerman J.H., van de Water B., Danen E.H. β1 integrin 
inhibition elicits a prometastatic switch through the TGFβ-miR-200-ZEB network in E-cadherin-
positive triple-negative breast cancer. Sci Signal. 2014 Feb 11;7(312):ra15. 

- Danen E.H. Ignoring matrix boundaries when the LKB1 master kinase is gone. J Cell Biol. 2014 
Oct 27;207(2):167-9. 

 
09MMC04 
- Roth S., Laan L., Dogterom M. Reconstitution of cortical Dynein function. Methods Enzymol. 

2014;540:205-30. 
 
09MMC05 
- Huber F., Boire A., López M.P., Koenderink G.H. Cytoskeletal crosstalk: when three different 

personalities team up. Curr Opin Cell Biol. 2015 Feb;32:39-47. 
- Preciado López M., Huber F., Grigoriev I., Steinmetz M.O., Akhmanova A., Dogterom M., 

Koenderink GH. In vitro reconstitution of dynamic microtubules interacting with actin filament 
networks. Methods Enzymol. 2014;540:301-20. 

 
09MMC06 
- Moeton M., Kanski R., Stassen O.M., Sluijs J.A., Geerts D., van Tijn P., Wiche G., van Strien 

M.E., Hol E.M. Silencing GFAP isoforms in astrocytoma cells disturbs laminin-dependent 
motility and cell adhesion. FASEB J. 2014 Jul;28(7):2942-54. 

 
09MMC07 
- Elizaveta Novikova, Modelling Cell Interaction with the Stiffness of the Extracellular Matrix. 

Thesis December 2014. 
- H. van Hoorn, R. Harkes, E.M. Spiesz, C. Storm, D. van Noort, B. Ladoux and T. Schmidt: A 

super-resolution view on cellular force exertion, Nano Lett. 14, 4257-4262 (2014). 
- E.A. Novikova and C. Storm: Catching up on slip: focal adhesion composition and 

mechanosensing, Biophys J. 106, 173A (Jan 28, 2014). 
- E.A. Novikova and C. Storm: Motility by differential persistence: A novel mechanism for 

durotaxis, submitted (2014). 
 
09MMC08 
- Jaspers M., Dennison M., Mabesoone M.F., MacKintosh F.C., Rowan A.E., Kouwer P.H. Ultra-

responsive soft matter from strain-stiffening hydrogels. Nat Commun. 2014 Dec 16;5:5808. 
- A.J. Licup, S. Muenster, A. Sharma, M. Sheinman, L.M. Jawerth, B. Fabry, D.A. Weitz and 

F.C. MacKintosh. Stress controls the mechanics of collagen networks. arXiv:1503.00924. 
- M. Dennison, M. Jaspers, P.H. Kouwer, C. Storm, A.E. Rowan, F.C. MacKintosh. Critical 

behaviour in the elastic response of hydrogels. arXiv:1407.0543. 
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09MMC09 
− Michiel Helmes, Aref Najafi, Bradley M. Palmer, Ernst Breel, Niek Rijnveld, Davide Iannuzzi, 

Jolanda van der Velden, "Recording the power generated by a single intact cardiomyocyte", 
submitted to Circulation Research. 

 
5. Valorisation and outreach 
• The development of a platform for contractility and electrophysiology analysis on a single 

cardiomyocyte enables a deeper understanding of human cardiomyocyte function in cardiac 
disease and drug-induced cardiotoxicity. We have used this technology to study cardiomyocyte 
function in a cardiac disease model for hypertrophic cardiomyopathy using patient-derived 
human iPS cells. 

• Furthermore, this platform will enable further optimization of cardiomyocyte maturation, with 
the aim to mimic the human adult heart.  

• This contractility platform has been setup using a modular approach which means that 
additional biological and functional readouts may be added to this platform allowing the 
analysis of multiple parameters in single cardiomyocytes simultaneously. This is of interest for 
both academic research groups and the pharmaceutical industry in order to understand 
mechanisms underlying cardiac disease and the development of predictable human stem cell-
based assays for drug discovery and safety pharmacology. 

• Expansion, maintenance and defined differentiation of cardiac progenitors and will have a 
major impact on understanding detailed steps of cardiogenesis. In addition to production of 
pure and defined subtype cardiovascular cell types for disease modelling and drug discovery, 
identification of underlying mechanisms responsible for cardiac progenitor expansion and 
differentiation may lead to additional strategies to activate endogenous cardiac progenitors for 
the treatment of heart failure. 

 
6. Vacancies 
None – all positions have been filled since 2012. 
 
  



 
 
 

 
 
 - 9 - 
 

Fact sheet as of 1 January 2015 

 FOM - 10.0177/6 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME  
 
 
Number 117. 
  
Title (code) Mechanosensing and mechanotransduction by cells (MMC) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. Th. Schmidt 
  
Duration 2010-2015 
  
Cost estimate M€ 3.4 
  
Concise programme description 
a. Objectives 
Many cellular reactions are controlled or mediated by mechanical forces. Cells probe the 
mechanical properties of their environment and subsequently transduce this information 
accurately into a specific molecular response: mechanical cues can determine the fate of stem cells, 
modulate the function of entire tissues and play a key role in various pathologies. Cells also alter 
their motility and metabolic functions depending on the mechanics of their surroundings. 
Strikingly, cells are not passive observers of the mechanical properties – many cells actively 
manipulate their surroundings either by the generation of new extracellular or pericellular 
materials or, even by exerting forces on the outside world. The physical mechanisms by which 
cells sense tissue rigidity, respond to it, and apply forces themselves are poorly understood and 
has been little studied by physicists. In this FOM-programme we aim to elucidate fundamental 
principles of force production and mechanosensing of cells. Specifically, the programme will focus 
on the following two key questions:  
- Which physical mechanisms enable cells to sense as well as influence the mechanical properties 

of their extracellular environment ?  
- How do cells integrate the mechanical signals that they receive and transduce it into a physical 

or biological response ?  
 
b. Background, relevance and implementation 
These questions are obviously of considerable fundamental interest. While the concept and the 
relevance of mechanical sensing and transduction of cells are firmly established, relatively little is 
known about how, precisely, the key molecular elements interact and together establish and 
optimize mechanosensory pathways. Progress in this area has been held back by the 
fundamentally interdisciplinary nature of the problem. Our programme is explicitly designed to 
bring about a fundamental understanding of the physical basis of cellular mechanosensing and 
mechanotransduction by joining groups from physics and biology together in a focused effort.  
In addition to the basic science promise, our programme explores new horizons in the mechanical 
control of cell function and cell fate. Mechanical sensing and transduction pathways are 
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fundamentally generic in the sense that the signal they convey is not generated, transported and 
interpreted in highly redundant and degenerate processes such as, for instance, in many 
biochemical sensory pathways or metabolic networks. Rather, similar physical mechanisms are at 
play in each mechanical signaling chain. A comprehensive and in-depth understanding of the 
processes involved will have immediate, and urgently needed, impact on the understanding of 
pathologies and malfunctioning of mechanical driven pathways. 
 
 
Funding  
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 3.290 94 - - - - - 3.384 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 3.290 94 - - - - - 3.384 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-09.1544 
b) Ex ante evaluation: FOM-09.1639 
c) Decision Executive Board: FOM-10.0175 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2015. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 SK par. HOZB 
 
 
Subgebied: 100% FL 
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2010 - 0.6 1.5 0.4 205 

2011 - 2.0 6.8 0.4 539 

2012 - 3.1 7.5 0.4 644 

2013 - 3.3 7.4 0.7 785 

2014 - 1.0 7.4 - 548 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2010 - - 4 - 

2011 - 2 43 - 

2012 - 1 17 - 

2013 - 6 33 - 

2014 2 7 35 - 

* After closing the financial year. 
 
 
PhD defences 
2011 
None. 

2012 
None. 

2013 
None. 

2014 
Hedde van Hoorn, 26 November 2014, FOM-L-17. 
Elizaveta Novikova, 15 December 2014, FOM-E-10. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-E-10 

Leader Dr. C. Storm 
Organisation Eindhoven University of Technology 
Programme Mechanosensing and mechanotransduction by cells 
Project (title + number) Signal transmission across the cell boundary 09MMC07 
 
FOM employees on this project 
Name  Position Start date End date 
E. Novikova PhD 01 September 2010 31 August 2014 
 
 
Workgroup FOM-L-17 

Leader Prof.dr. Th. Schmidt 
Organisation Leiden University 
Programme Mechanosensing and mechanotransduction by cells 
Project (title + number) MMC Exploratory fund 09MMC11 
 
FOM employees on this project 
Name  Position Start date End date 
O. Iendaltseva PhD 01 August 2013 31 July 2017 
 
 
Leader Prof.dr. Th. Schmidt 
Organisation Leiden University 
Programme Mechanosensing and mechanotransduction by cells 

Project (title + number) Reorganization for the cytoskeletal network on mechanical 
stimulation 09MMC01 

 
FOM employees on this project 
Name  Position Start date End date 
H. van Hoorn PhD 01 July 2010 30 September 2014 
 
 
Workgroup FOM-L-29 

Leader Dr. E.H.J. Danen 
Organisation Leiden University 
Programme Mechanosensing and mechanotransduction by cells 
Project (title + number) Force transmission: the role of the spring 09MMC03 
 
  



 
 
 

 
 
 - 13 - 
 

FOM employees on this project 
Name  Position Start date End date 
H.E. Balcioglu PhD 01 October 2010 31 August 2015 
 
 
Workgroup FOM-L-30 

Leader Prof.dr. C.L. Mummery 
Organisation Leiden University 
Project leader Robert Passier 
Programme Mechanosensing and mechanotransduction by cells 
Project (title + number) Mechanics in human pluripotent stem cell development 09MMC02 
 
FOM employees on this project 
Name  Position Start date End date 
M. Catarino Ribeiro PhD 01 January 2011 31 December 2014 
 
 
Workgroup FOM-S-01 

Leader Prof.dr. E.M. Hol 
Organisation Universitair Medisch Centrum Utrecht 
Programme Mechanosensing and mechanotransduction by cells 

Project (title + number) Molecular and cellular response of neural cells to mechanical force 
09MMC06 

 
FOM employees on this project 
Name  Position Start date End date 
O.M.J.A. Stassen PhD 15 July 2010 31 March 2015 
 
 
Workgroup FOM-V-13 

Leader Prof.dr. F.C. MacKintosh 
Organisation Vrije Universiteit Amsterdam 
Programme Mechanosensing and mechanotransduction by cells 

Project (title + number) Force transmission in the extracellular matrix: theory and simulation 
09MMC08 

 
FOM employees on this project 
Name  Position Start date End date 
A.J. Licup PhD 24 November 2011 23 November 2015 
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Workgroup FOM-V-20 

Leader Prof.dr. D. Iannuzzi 
Organisation Vrije Universiteit Amsterdam 
Programme Mechanosensing and mechanotransduction by cells 
Project (title + number) Cellular mechanoresponsiveness force propagation 09MMC09 
 
FOM employees on this project 
Name  Position Start date End date 
M. Cui postdoc 01 November 2012 31 January 2015 
 
 
Group Dogterom 

Leader Prof.dr. M. Dogterom 
Organisation FOM Institute AMOLF 
Programme Mechanosensing and mechanotransduction by cells 
Project (title + number) Biomimetic force transmission 09MMC04 
FOM employees on this project 
Name Position Start date End date 
M. Kuit - Vinkenoog TP/V 01 January 2010 31 December 2016 
 
 
Group G.H. Koenderink 

Leader Prof.dr. G.H Koenderink 
Organisation FOM Institute AMOLF 
Programme Mechanosensing and mechanotransduction by cells 
Project (title + number) Cellular mechanoresponsiveness networks 09MMC05 
FOM employees on this project 
Name Position Start date End date 
K.A. Jansen PhD 01 January 2011 30 June 2015 
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