
  

  
EW methods for studying the intricate systems of 
signal transduction, feedback loops and cell to cell 
communication are continuously emerging. The new 

tools and technologies do not only provide us with a better 
understanding of the complex systems of life, but they also 
give us  clues on how to improve diagnosis, therapies and 
treatment of patients.  
 
Many molecular detection methods, array based methods 
as well as in situ, give rise to fluorescent signals imaged 
through a microscope by a digital camera. By visual 
inspection of such images, it is possible to make a 
qualitative evaluation of the signals, but even such a 
simple thing as saying if a signal is present or not becomes 
strongly biased by the user, and the measure is difficult to 
reproduce. Fully or semi-automated methods for 
quantitative evaluation of digital image data are therefore 
vital for robust and reliable evaluation of such data. 
 
Another aspect of automation is the possibility of 
increasing the throughput of an analytical system. Cells in 
culture and tissue are often heterogeneous populations 
with large cell-to-cell variations due to cell cycle stage as 
well as functionality. As a single cell with deviating 
behavior can give rise to a tumor in otherwise normal 
tissue, it is of great importance to evaluate cells on a single 
cell basis, and not rely on methods that average over the 
population. Automated image analysis can provide single 
cell analysis combined with high throughput. Flow 
cytometry can provide similar information, but without the 
possibility of examining sub cellular location or relative 
signal to signal positioning. Also, flow cytometry does not 
allow for visual inspection of deviating results or repeated 
examination of the same cell at multiple hybridizations or 
time-lapse studies.  
 
We are developing a number of robust tools and methods 
for quantitative image analysis with its main applications 
in fluorescence microscopy images of cells. These 
methods include noise reduction, model based signal 
detection, 2D and 3D segmentation and signal 
localization. Novel approaches for quantification of 
colocalization and signal cross-talk have also been 
developed and applied in array-based multiplexing studies, 
where more than 30 different molecules are detected and 
quantified simultaneously. All methods are developed in 
close cooperation with the developers of new molecular 
tools, and the most frequently used methods for image 
 

 

analysis are built in to a stand-alone program package with 
a user friendly graphical user interface.  
 
In addition, virtual cells and signals are modeled, based on 
parameters form real data. These model systems provide a 
platform for hypotheses testing and statistical verification 
of observed parameters. 
 

     
Figure 1 Left: a single slice from a confocal image of 

cultured cells where nuclei are visualized using anti-Lamin B1 
and FITC. Right: Each nucleus is delineated by combining 
intensity, edge and shape information, so that the exact 3D 
position of the nuclear membrane can be modeled. 

                          

 

Figure 2 Left: signals from Smad2-Smad4 complexes de-
tected by PLA and Alexa 555, each detected signal marked with 
a dot in the 3D volume. Right: the true signal distribution is 
compared with a virtual cell with randomized signals to verify 
true distribution of signals relative the nuclear membrane 
delineated in Figure 1.  
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