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Intracellular Rac1 Dynamics: From Imaging to Models 
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Dictyostelium amoebae can change their polarity within 20 seconds, and thus undergo the fastest 
polarization reversal among eukaryotic cells. This repolarization is heralded by the translocation of 
Rac1 GTPases from the Rho family to the incipient leading edge of the cell. Rac1 GTPases regulate 
activity of multiple effector proteins involved in the regulation of actin assembly, which is the key 
determining factor of cell polarity. At the cell front, Rac1 activates the Scar/WAVE complex and 
thereby stimulates the Arp2/3-mediated actin polymerization. At the cell back, Rac1 regulates stability 
of the cell cortex by initiating formation of a complex containing IQGAP-related protein DGAP1 and 
a heterodimer of actin-bundling proteins cortexillins. We present and compare results of experimental 
and modelling approaches to investigate the dynamics of Rac1 GTPases in Dictyostelium amoebae. 
The Rac1 activity was monitored over time by confocal microscopy using a specific fluorescent 
biosensor. Besides active Rac1, fluorescently labelled DGAP1 was also monitored. Cortical dynamics 
of these proteins was processed by QuimP software, visualized in the form of kymographs, and 
studied by wavelet-based cross-correlation analysis. We observed that active Rac1 and DGAP1 in the 
cell cortex exhibit anti-correlated oscillations in the form of standing and travelling waves (Figure 1). 
In order to gain insight into the molecular mechanisms underlying the observed dynamics, we 
formulated a reaction-diffusion model that incorporates interactions between Rac1, DGAP1 and a 
Rac1-inactivating GAP protein. The model was able to reproduce the basic features of obtained 
experimental results (Figure 2).  
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Histological and radiological studies show that adipose tissue infiltrates myocardium as intramuscular 

adipose tissue, however, the role and pathophysiology of such infiltration are still unclear. 

Our study was done on heart tissue samples from 10 male subjects who died from non-cardiac causes. 

Subjects were divided by age (5 younger and 5 older than 50 years). Three samples of right heart wall 

were analyzed for each subject (apex, ventricular free lateral wall and atrial free lateral wall). 

Paraformaldehyde-fixed and paraffin-embedded samples were cut to 4 µm-thick slides, stained with 

hematoxylin and eosin and digital photographs were taken. Thickness of visible epicardium was 

measured using FIJI (a distribution of ImageJ software). By manual processing in GIMP (GNU Image 

Manipulation Program), „masks“ of different tissue areas (myocardial layer, perivascular fat tissue and 

non-perivascular fat tissue) were created. Masks were converted into 8-bit black and white photographs 

in FIJI and were then used to measure fat and muscle area. 

Share of total myocardial fat in apex was significantly larger than that of atrium. A tendency of increase 

in share of fat tissue within the myocardium is seen from the atrium towards the apex of the right heart 

wall. No significant differences were seen among age groups. 

Although further research on a larger sample is still needed, our results demonstrate that free and open-

source image manipulation and bioimage analysis tools can be successfully used in quantification of 

intramyocardial fat infiltration. 

 



Changes in TFF3 peptide expression in luminal B breast carcinoma after neoadjuvant chemotherapy 
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Trefoil factor family 3 [TFF3] peptide is a small secretory protein important for mucosal protection 

and influences cell migration, differentiation and apoptosis, as well as angiogenesis. It is present in 

glandular epithelium of healthy breast, but also in breast cancer. Some researchers consider it a 

normal breast protein, and others believe it is oncogenic. Recent research shows that it may have a 

role in pathogenesis of breast tumors and might be considered as a molecular marker in assessment 

of tumor differentiation and malignancy. According to our recent research, Luminal B type of breast 

cancer has the strongest TFF3 peptide expression; however, there is no data about the influence of 

neoadjuvant chemotherapy on the expression of TFF3 peptide in breast cancer. 

Tumor samples from 21 patients with Luminal B breast cancer were used. Core biopsies were used as 

pre-chemotherapy samples and surgical excisions of the same tumor after neoadjuvant 

chemotherapy were used as post-chemotherapy samples. Immunohistochemistry was performed on 

formalin-fixed, paraffin-embedded samples in Dako Autostainer Link 48 Slide Stainer using mouse 

monoclonal anti-TFF3 primary antibody and Dako EnVision FLEX system. TFF3 peptide expression was 

quantified in individual samples using the Modified Quick Score method for immunohistochemistry 

protein expression analysis. 

Our results revealed a significant reduction in TFF3 expression after neoadjuvant chemotherapy. 

Further research should be conducted in order to explain the mechanisms underlying this 

phenomenon and confirm or deny its clinical significance, e.g. in monitoring chemotherapy response 

in patients with breast cancer. 
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