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Intelligent Cell Surfaces 
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Two Main Publications     
P. R. F. Rocha, H. L. Gomes, Low frequency electric current noise in glioma 
cell populations, Journal of Materials Chemistry B, Vol. 3, No. 25, pp. 5035 - 
5039, March, 2015
M. C. R. Medeiros et al., An electrical method to measure low-frequency 
collective and synchronized cell activity using extracellular electrodes, 
Sensing and Biosensing Research, (submitted)

This project is a European consortium (ERA-NET) of the European Science Foundation 
(ESF). Intelligent Cell Surfaces (ICS) vision is a bio-mimicking breadboard designed for quan-
titative studies of cell response (in terms of motility, adhesion, self-aggregation, functional-
ity and differentiation) to external stimuli in time and space. 

 Fig. 1 Photograph of a breadboard developed to measure cell cultures using electri-
  cal methods.

 Fig. 2 Schematic diagram representing the electrical coupling between the cell and  
  the measuring circuit.

GENERAL MOTIVATION AND OBJECTIVES
Intelligent Cell Surfaces (ICS) aims to fabricate a technology plat-

form (breadboard) to measure cell cultures. It should comprise de-
vices to probe and stimulate cells and allow quantitative studies of 
cell response to external stimuli in time and space. The breadboard 
was engineered with sensing units for measuring signals and inducing 
stimuli, and actuating devices and structures for directing the motion 
of the different cell types. Specific objectives are: (i) Mimicking the 
in-vivo environment by integration of different stimuli; (ii) Monitoring 
cell behavior in-situ by a combination of local probes; (iii) Establishing 
quantitative correlations between stimuli and cell behavior. 

CHALLENGE
Cell behaviour is influenced by the 3D-environment dynamically 

sensed by the cell. 
This involves topochemical mechanical stimuli, electromagnetic 

fields, gradients of
chemo-attractants, haptotaxis. In order to mimic the natural envi-

ronment of the cells 
in an organ new concepts are needed. This could provide the 

controlled cell-cell contacts that are one of the key factors in cell 
behaviour. In addition, endocrine signalling also has to be included 
in the system. The exchanges of metabolites and signals across the 
different interfaces must be guaranteed. This requires a spatial and 
dimensional control of the structures composing the environment in 
addition to a temporal control of the cues at the surface and in the 
solution. Investigation of selected cues highlighted the importance 
of topographical, chemical, and more recently mechanical/viscoelastic 
interactions of the cell and the surface. Albeit the proof-of-concepts, 
several important questions related to the complexity of the cell envi-
ronment remain still at an infancy level: what is the effect of combined 
cues, is there a synergy or a compensation between different cues; 

how can cell behaviour on a surface be reprogrammed by a dynam-
ic change of the environment (e.g. adhesion or detachment upon 
switching interfacial energy); are there correlations among different 
cues; how does the cell fate emerges from combined cues? Other 
important aspects concern the adhesion and the migration driven 
upon the environmental stimuli. These questions call for a technol-
ogy platform of greater complexity that is not currently available, 
where topochemical and mechanical cues are modulated in space 
and time. It should comprise devices to probe and stimulate cells. De-
vice integration is routine on wafers, but is challenging on transparent 
flexible substrates. Micro-fabrication and unconventional approaches 
enable the integration of functional materials to sub-micrometer 
scale feature size. Integration of optical and electronic transduction/
sensing would be highly desirable. The control of the cell environ-
ment is crucial to many aspects of cell research and medical applica-
tions. Observed changes in gene expression profile of primary cells in 
vitro compared to that of cells in the organ raised serious concerns 
in the pharmaceutical industry, because drug-screening technology 
is largely based on cell culture data. Regenerative medicine requires 
control of stem cell commitment at the level of individual cells and 
colonies. Long term applications include diagnostics; loco-regional 
therapy of neurological diseases; sorting and localization of cancer 
cells before metastasis occurs. These cannot be achieved with culture 
plates or scaffolds that do not mimic the multiscale cell environment.

WORK DESCRIPTION AND ACHIEVEMENTS
Measurements of the low frequency electrical noise of cells seeded 

in planar microelectrode arrays were used to detect minute changes 
in cell activity caused by stimulation using a variety of drugs. It was 
demonstrated that techniques based on electrical noise can be used  
as a platform for drug screening.


