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Figure 1. The parameters of the metastasis-free survival of breast cancer patients, depending on the expression level of 
BRCA1 (log-rank test p <0.05)

There was a statistically significant increase in metastasis-free survival values with a BRCA1 
expression level of less than 0.2 (p=0.05) and 0.2-1 (p=0.01) as compared to a BRCA1 value of 
more than 1.

Thus, the association of BRCA1 gene expression in breast tumor with the prognosis of the 
disease was demonstrated. Based on the data obtained, it can be assumed that the expression of 
BRCA1 may also be a marker of the effectiveness of treatment of breast cancer patients, but this 
requires further study.

The work was carried out within the framework of the competition in 2018-2020 for the 
scholarship of the President of the Russian Federation to young scientists and graduate students 
(Order № 231 of April 3, 2018).
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Flotillin 1 and 2 are two ubiquitous, highly conserved and related proteins present in many 
cellular membrane compartments. They exist as hetero-tetramers associated with specific caveolin-
independent membrane microdomains rich in cholesterol and glycosphingolipids. Flotillin hetero-
tetramers assemble in large oligomers to form molecular membrane scaffolds known to participate 
in membrane proteins clustering [1]. When overexpressed, as it occurs in many invasive carcinoma 
and sarcoma, they induce the formation of plasma membrane invaginations and of intracellular 
vesicles and modify the trafficking of several cargos; promoting the Upregulated Flotillin-Induced 
Trafficking (UFIT) pathway [2-3].
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Flotillin overexpression is detected in many invasive carcinoma and sarcoma and is a marker 
of poor prognosis associated with a higher metastatic risk [4-8]. How flotillins participate in the 
acquisition of invasive and metastatic properties remains to be determined.

Our study aims at identifying how the UFIT pathway influences the membrane remodeling and 
modifies the trafficking of cargo leading to the acquisition of invasive properties.

We show that flotillins downregulation in invasive cancer cells dramatically inhibit their invasive 
properties as monitored in vitro using a 3D-collagen invasion assay and in vivo using zebrafish 
xenografts. Reciprocally, ectopic up-regulation of flotillins in non-tumoral cells is sufficient to 
induce their invasive behavior in vitro and in vivo. We show that flotillins are critical regulators 
of the trafficking of several cargo amongst them MT1-MMP, a key metalloproteinase responsible 
for the proteolytic activity of invadopodia [9].

Keywords: flotillins, cancer marker, metastasis, cell invasion.
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Background
Malignant cell transformation is accompanied by two processes of DNA methylation changes: 

hypermethylation in CpG islands of tumor suppressor genes and global hypomethylation in repeti-
tive DNA sequences (retrotransposons) [1, 2]. The composition of circulating DNA (cirDNA) from 
plasma and cell-surface-bound cirDNA (csb-cirDNA) was shown earlier to be altered in the blood 
of cancer patients due to accumulation of tumor-specific aberrantly methylated DNA fragments, 
which are currently considered valuable cancer markers [3, 4].

Material and Methods
The present study compared LINE-1 retrotransposon methylation patterns in free-cirDNA and 

csb-cirDNA from healthy subjects (n=33) and lung cancer (LC) (n=32) patients, and also from 


