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Cancer  

• Cancer – leading cause of death (~30% 

of deaths) 

• Late detection is a major contributor 

to high death rates 

• Existing detection methods often 

invasive (biopsies) or expensive (MRI)  

• Need low-cost, non-invasive screening 

method for cancer 
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Atomic Force Microscopy  

• Flexible cantilever acts as a spring to 

measure forces between tip and  sample 

• Local attractive or repulsive forces are 

converted into a deflection of the 

cantilever 

• Cantilever deflection is converted into an 

electrical signal by a quadrant 

photodiode 

 

• Extreme resolution in force (pN) and in 

distance (sub nm) 



 Copyright 2014  I  Nanotechnology & Life Sciences  I  Harry Heinzelmann  I  page 4 

Nanomechanical biosensing 

• each cantilever is functionalized for molecular recognition (ex: oligonucleotides) 

• Probe cantilevers coated with a specific layer for target capture 

• Reference cantilevers coated with a non-specific layer 

• Differential measurement reveals net signal and cancels thermal drift 

PATLiSci – Nanomechanical Sensing 
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  

Membrane Surface Stress Sensors & Electronics 

PATLiSci – Nanomechanical Sensing 

F. Loizeau, EPFL-IMT (2012) 

A. Tonin, UniBAS 

Inkjet spotting for MSS coating 

e.g. polymers such as PSS, Dextran, CMC, PVP 
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Membrane sensor response to solvent vapor 

PATLiSci – Nanomechanical Sensing 
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Selectivity to breath and VOC samples 

PATLiSci – Nanomechanical Sensing 

test substance 

clustering is robust against 

storage for 48 h at 4°C  
and variations in injection cycles 
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 F. Loizeau, H.P. Lang et al. 

Proc. MEMS 2013, p. 621 

• Breath samples collected on head & neck cancer patients before and after surgery 

• Control: breath samples from healthy smokers 

• Clinical study continuing 
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Atomic Force Microscopy  

• Flexible cantilever acts as a spring to 

measure forces between tip and  sample 

• Local attractive or repulsive forces are 

converted into a deflection of the 

cantilever 

• Cantilever deflection is converted into an 

electrical signal by a quadrant 

photodiode 

 

• Extreme resolution in force (pN) and in 

distance (sub nm) 
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  

Motivation: metastatic cancer development 

PATLiSci – Force Spectroscopy 

Lee et al., Trends Biotechnol. 2007 

 all cells 

 tumor cells  normal cells 

    S.E. Cross et al., Nature Nanotech (2007) 
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Elasticity of Melanoma cells 

PATLiSci – Force Spectroscopy 
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  

Probe Arrays for parallel force spectroscopy 

PATLiSci – Force Spectroscopy 

F. Loizeau et al., MicroNanoLetter 2012 (in press) 
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  

Nanomechanical measurement of breast cancer 

M. Plodinec et al., Nature Nanotechnology, 7, 757(2012) 
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Conclusions: 

• Nanomechanical sensors can be used to 

detect volatile organic compounds in breath 

• This  allows rapid, non-invasive detection of 

some types of cancer 

• The instrumentation is compact, and easy 

to use 

 

• Nanomechanical sensors can also be used 

to detect cancerous cells in culture or in 

biopsies 

• Faster detection is necessary to bring this 

method to the operating theatre 
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 Thank you for your attention. 


