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Conclusions

Automated image analysis is an essential step of the image-based systems biology approach. Combined with live-cell imaging, it allows to 
quantitatively characterize the behavior of immune cells in their natural environment, which can be further employed to construct computer models.

Image analysis

Motivation

Immune cells are intrinsic constituents of the immune system, which keeps 
us healthy. Dysfunctions of the immune system — due to infection, immune 
deficiencies or allergy — can  lead to severe disease. Therefore, 
studying immune cell interactions is essential.

Modeling

The interactions between immune cells can be 
extremely complex and not always accessible 

for study in experiment. 
Computer simulations of 
image-derived models 
can help to predict the 
behavior of immune cells 
and to suggest new settings 
for the further experimental 
study.
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Two-photon microscopy

Two photons of excitation light are absorbed 
simultaneously resulting in emission of a fluorescence 
photon of higher energy.

This effect 
occurs  only in 

regions of high 
energy concentration 

(focal spot) enabling 3D 
sectioning. 

1. Preprocessing5. Quantitative characterization

4. Tracking

3. ROI classification

2. Segmentation
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Spectral unmixing:
ch1’ = a1·ch1 - b1·ch2
ch2’ = - a2·ch1 + b2·ch2

Noise removal
Artifacts removal
(hairs and 
keratinocytes)

Removal of spurious objects Removal of objects with improper 
intensity / shape
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Segmented ROI in 
a murine ear skin sample 
before and after removal 
of irrelevant objects: 
mast cells (red channel, 
white outlines), 
dendritic cells (green 
channel, red outlines)

Segmented ROI in a murine salivary gland sample in 
subsequent time frames: blood vessels (red channel, 
blue outlines), T cells (green channel, white outlines), 
macrophages (blue channel, red outlines)

Live imaging of murine 
ear skin. 
red: mast cells;  
green: dendritic cells; 
blue: blood vessels;  
yellow: hairs;
orange:keratinocytes

Live imaging of 
a murine salivary gland. 
red: blood vessels;  
green: T cells; 
blue: macrophages

Segmented regions 
of interest (ROI) in 
a murine ear skin 
sample: mast cells 
(red channel, white 
outlines), 
dendritic cells (green 
channel, red outlines)

Segmented ROI in 
a murine salivary 
gland sample: blood 
vessels (red channel, 
blue outlines), T cells 
(green channel, white 
outlines), 
macrophages (blue 
channel, red outlines)

3D reconstruction of murine 
salivary gland tissue.
red: segmented blood vessels;
green: segmented T cells;
blue: segmented macrophages

Benefit:

Allows to
characterize:

Near-infrared excitation 
light can be used to 

penetrates deep 
into the tissue.
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