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Aim:

To detect and investigate the cells in question, we

have designed the 500 bp double-stranded DNA

(dsDNA) probe, which is TAMRA-labeled PCR-

amplified human Alu-repeat (Alu-TAMRA DNA

probe)

However, the exact mechanism of extracellular dsDNA internalization into cells has not yet been clarified.

fluorescent 

analysis

Previously, we have demonstrated poorly differentiated cells of various origin and genesis, including

tumor stem-like ones, to be capable of native, i.e. without using any artificial compounds or procedures,

internalizing extracellular double-stranded DNA (dsDNA) fragments.



Methods: In the current report, for murine Krebs-2 carcinoma and human Epstein-Barr Virus-induced B-lymphoma

(EBV+ B-lymphoma), there have been determined the mechanisms mediating the interaction of dsDNA

with the surface of tumor stem-like cells (TSCs) and its consequent internalization into these cells.

The following approaches were used:

(A) Electrophoretic separation of cells

in a free volume

(B) Pre-exposure of

cells to various

proteases and/or

compounds

inhibiting pino- and

endocytosis

(C) RNA-seq analysis



Results: We have developed an approach to estimate the charge of cells using an electrophoretic separation in a free volume 

of physiological saline solution. For Krebs-2 cells the content of TAMRA+ cells turned out to be always higher in 

the “–” area of the dialysis bag than in the “+” area, indicating these cells to be a positively charged (Figure 1). The 

same result was obtain for EBV+ B-lymphoma cells. 

The analysis performed suggests the following. For Krebs-2, the first factor mediating the interaction of dsDNA with a cell

is either the general positive charge of a cell or some molecular component present on the surface of “positive” cells only.

For EBV+ B-lymphoma, the results obtained in experiments on electrophoretic separation also do not contradict the

proposed concept of positively charged tumor stem-like cells interacting with the TAMRA-dsDNA probe.

Figure 1. Determination of the charge of Krebs-2 carcinoma cells capable of interacting with the TAMRA-labeled dsDNA probe. (A) Microscopic images of 

Krebs-2 cells taken from the opposite “plus” and “minus” sides of the electrophoretic chamber (hermetically sealed dialysis bag) and exposed to TAMRA-

dsDNA. In the right upper corner, the percentage of cells with the bound DNA probe is indicated. (B) Counting the TAMRA+ cells in fractions of Krebs-2 

cells taken from the opposite sides of the electrophoretic chamber after separation (n=4). 



We have designed an experiment based on the micro-gel-electrophoresis of cells. It has been presumed that the surface

localization of the bound dsDNA probe should (or should not) change during the electrophoresis accordingly to the type and

character of its interaction with cell surface components (Figure 2).

Figure 2. Changes in the spatial location of TAMRA-dsDNA, bound to Krebs-2 and EBV+ B-lymphoma cells, after micro-gel-electrophoresis. (A, C)

TAMRA-dsDNA retains its spatial location during electrophoresis. (B) TAMRA-dsDNA gradually exfoliates from the surface during electrophoresis (for

demonstrative comparison, the cell with “immobile” fluorescent material is shown). (D) TAMRA-dsDNA “drifts” across the membrane towards the anode.

(E) Electrophoresis of EBV+ B-lymphoma cells. (F) Digitally processed schematic image of EBV+ B-lymphoma cells electrophoresis. The numbers denote

the cells shifted towards the anode.
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The result obtained has determined the second factor of the interaction of the extracellular dsDNA probe with a cell. 

It is a chemical/molecular interaction with elements of the cell surface. 

Krebs-2 carcinoma EBV+ B-lymphoma



Figure 3. Molecular characterization of the surface elements of TAMRA+ cells, determining the interaction of cells with the TAMRA-dsDNA probe. (А) Effect

of heparin on the interaction of Krebs-2 and EBV+ B-lymphoma cells with TAMRA-dsDNA. (B) Effect of various compounds on the binding of TAMRA-

dsDNA to Krebs-2 cells. (C) The same for EBV+ B-lymphoma cells. The plots display the content of TAMRA+ cells after their exposure to appropriate

compounds at different concentrations (n=3-6). *р<0.05 according to the Mann-Whitney U-test.

Additionally, It turned out that cells exposed to dextran sulfate completely lose their capability of internalizing the dsDNA probe.

The abrogation of internalization by dextran sulfate implies the role of scavenger receptors (SRs) in this process.
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A series of experiments indicating that cell surface proteins are the factors of dsDNA binding by cancer stem cells has been

conducted. It was shown, that inhibitors of caveolae-dependent internalization abrogate the DNA uptake in Krebs-2 cells, and

inhibitors of clathrin/caveolar mechanism block the internalization in EBV+ B-lymphoma cells (Figure 3).



Groups of the 
membrane-anchored 

proteins with the same 
particular function

«Ideal» cancer stem cell 
based on the published data Krebs-2 EBV+ B-lymphoma

PGs/GPs

Adipoq, Caprin2, Cdh13, Clec4, 
Col12A1, Fcn2 , Gldn , Gpc3, 
Hip, Itgam, Ncam, Otol1, Sell, 
Selplg

Apoc1, Catsperg2, Cd200, 
Col3a1, Col6a2, Cldn1, 
Dsc2, Dnaja4, Fcna, 
Adgrg3, Hepacam, Itm2a, 
Itga9, Itln1, Jsrp1, Lyve1, 
Mreg, Nectin1, Ncam, 
Psd2, Pgr, Selplg, Rab15, 
Tnfrsf13c

Acvr1, Cdh11, Cdh17, 
Chodl, Col4a5, Col4a6, 
Col7a1, Cthrc1, Fcrl3, 
Gpc 1, Gpc2, Igf1r, 
Itga10, Itga5, Kcnip3, 
Kel, Ncam, Sell, Podxl,

Ptprm, Tenm4, Tspan15, 
Treml4, Vcam1

SRs Marco, Megf, Scara, Scarb Marco Megf6, Scarf2, Scart1

GPI-APs

Aamp, Ache, Car4, Cd14, 
Cd24a, Cd48, Cd55, Cd59a,
Cdh1, Ceacam5, Cntfr, Cpm, 
Fgfr, Folr1, Gpc3, Gpihbp1 , 
H2-Q7, Ly6a, Lypd1 , Mdp1,
Msln, Nrp1, Parp1, Plaur, 
Robo, Thy1

Cd55, Fgfr1 Cd14, Gdpd5

Table 1. The general comparative table of the group-specific factors of the

integral cell surface molecular profile of an “ideal” tumor stem-like cell and

those of real Krebs-2 and EBV+ B-lymphoma cancer stem cells.

Based on the data obtained, there was conducted a bioinformatic analysis of RNAseq data for Krebs-2 and EBV+ B-lymphoma cells

combined with the analysis of published data In other words, there has been defined an integral “portrait” of the cell surface factors.

The analysis performed indicates that proteins meeting the established prerequisites belong to three functional groups of the cell

surface factors, namely, proteoglycans/glycoproteins, SRs and Glycosylphosphatidylinositol associated proteins (GPI-Aps) (Table 1).

Proposed mechanism for dsDNA probe 

internalization
Conclusions:

The first factor determining the interaction of extracellular

dsDNA with stem-like tumor cells is their positive general charge.

The second phase of the interaction of extracellular dsDNA with

stem-like tumor cells is associated with the formation of a

chemical/molecular bond of dsDNA fragments with the cell

surface proteins (PGs, SRs, GPI-APs).

In Krebs-2, dsDNA fragments are internalized via caveolae-

dependent endocytosis and macropinocytosis. In the case of B-

lymphoma, the process involves both caveolae- and clathrin-

dependent endocytosis, as well as macropinocytosis.
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The principle of the organization of the stem-like tumor cell

surface factors to be formulated as a concept of “group-specific

cell surface factors, which form the profile of tumor stem-like

cells”.


