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Aim. To determine whether the adhesion capacity of extracellular matrix proteins differs in cells 
stably expressing a recombinant fusion proteins containing different number of tandem repeats 
from the extracellular region of the human mucin MUC1. Methods. Cell adhesion assay, FACS 
analysis, confocal fluorescence microscopy. Results. With an increase in the number of tandem 
repeats in the extracellular region of MUC1, the uniform distribution of the protein in the region 
of contact with glass first changes to discrete, and then compact clusters are formed. Cell adhe-
sion to vitronectin and fibronectin does not depend on the presence of integrin receptors on the 
cell surface and decreases in the following order: HT-29_TR4 → HT-29_TR12. For HT-29_TR20 
cells, an increase in adhesion to these extracellular matrix proteins is observed. Integrins avb3 
(vitronectin receptors) form clusters in all the cell lines analyzed, but integrins a5b1 (fibronectin 
receptors) form compact clusters only on the surface of HT-29_TR20 cells. Both integrins appear 
in the areas devoid of recombinant MUC1 molecules on the surface of HT-29_TR4, HT-29_TR12 
and HT-29_TR20 cells and their distribution on the surface of HT-29_TR- cells does not depend 
on the recombinant protein localization. Conclusions. An increase in the number of repeats in 
the extracellular region of MUC1 from 12 to 20 leads to a noticeable decrease in the antagonism 
of mucin MUC1 with the integrin avb3 in the cell adhesion to vitronectin and an appearance a 
synergism with the integrin a5b1 in the cell adhesion to fibronectin
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Introduction

Hematogenous metastasis involves several key 
stages. It begins with the invasion of tumor 

cells from the primary tumor into the blood 
vessel [1]. Then circulating tumor cells (CTC) 
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are brought by blood to various tissues and 
organs. On the latter stages, CTC attach to the 
endothelium of the blood vessels, which leads 
to extravasation and the formation of secondary 
tumor sites with an active participation of cell 
adhesion molecules at each stage. Thus, before 
an invasion an interaction occurs between the 
metastatic cells and the extracellular matrix 
mo le cules occurs, accompanied by proteolysis 
of matrix proteins and the movement of the 
tumor cell towards the blood vessels [2]. 
Attachment of a tumor cell to the vascular 
endothelium begins with an interaction between 
selectins on the surface of the endothelium cells 
and carbohydrate epitopes, such as sialyl Lewis 
x (sLex) or sialyl Lewis a (sLea), on the surface 
of CTC [3-7]. This process is followed by the 
formation of strong associations between the 
intercellular adhesion molecule 1 (ICAM-1) 
located on the surface of the endothelium and 
integrin receptors, presented by circulating 
cells. Extravasation implies interaction with 
matrix proteins and the motion of a metastatic 
cell from the vessel to adjacent tissues.

Integrin receptors play a key role in metasta-
sis. Indeed, overexpression of integrin receptors 
correlates with a high metastatic potential [8]. 
Integrin-mediated interactions with extracellular 
matrix proteins occur at virtually every stage of 
metastasis, changing the mobi li ty, shape and 
polarity of tumor cells [9] and, as a result, alter-
ing cell adhesion and migration capacity.

Mucin MUC1 may also be involved in the 
formation of intercellular associations and 
interaction of tumor cells with extracellular 
matrix proteins. MUC1 is a transmembrane 
glycoprotein, which is normally distributed on 
the apical surface of epithelial cells in glandu-
lar ducts and overexpressed in different can-

cers. A large highly glycosylated extracellular 
domain of MUC1 forms a rod-like structure 
[10]. Its major part, a tandem repeat region, 
consists of repeated sequences of 20 amino 
acid residues and constitutes up to 50-80 % of 
the entire protein molecule. The size of this 
region is variable and, as a rule, consists of 
20–120 repeats [11, 12]. Moreover, some iso-
forms of MUC1 are devoid of the tandem re-
peat region [13, 14]. Polymorphism of the 
tandem repeat region suggests that it may play 
a role in a cancer susceptibility or reflect the 
stage of the disease. Indeed, the isoforms lack-
ing the tandem repeat region were found only 
in the tumor cells [15], although no clear cor-
relations were identified between the tandem 
repeat number and cell malignization [16, 17].

Since MUC1 normally lubricates the epithe-
lium of the glandular ducts, preventing adhesion 
of pathogenic microorganisms [18], it was logi-
cal to assume that in tumor cells, this molecule 
affects cell aggregation, leading to an increase in 
the cell ability to metastasize. For a long period 
of time, MUC1 was considered to be an anti-
adhesive molecule capable of disrup ting intercel-
lular interactions [19–21] and cell adhesion to 
extracellular matrix proteins [17]. However, in 
recent years more and more works have appeared 
indicating that the mucin MUC1 might enhance 
the cell adhesion capacity [22–26].

In addition to the ability of interaction with 
ICAM-1 molecules on the surface of vascular 
endothelium cells [25], the large tumor-associ-
ated glycoproteins (such as MUC1) were found 
to participate in integrin-mediated cell adhesion. 
Early works showed that cell adhesion to extra-
cellular matrix proteins increased in response to 
clustering of MUC1 molecules on the cell sur-
face [17], but the mechanism of the MUC1-
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medated adhesion was not described. On the 
contrary, the authors concluded that MUC1 dis-
rupted cell adhesion, hiding integrin receptors, 
but MUC1 clustering led to demasking of inte-
grin receptors giving them an opportunity to 
interact with ECM molecules. Many years later, 
it was discovered that bulk surface glycoproteins 
(such as MUC1) facilitated the clustering of 
integrin receptors thus leading to mechanical 
activation of integrins and an increase in the cell 
adhesion [27]. Using synthetic analogs of mucin 
MUC1, it was demonstrated that the size of the 
extracellular domain was essential for a cell 
adhesion. In case of using polymers extended 
from the cytoplasmic membrane by 80 nm 
(40 tandem repeats), the cell surface was “di-
vided” into areas contai ning glycocalyx proteins 
and adhesion sites containing integrin receptors. 
Such separation was absent in case of using the 
polymers with a length of 3 nm. Thus, with an 
increase in the size of the extracellular domain, 
the mucin MUC1 acquired the ability to modify 
the cell surface and “separate” it into the func-
tional areas. At the same time, it is not entirely 
clear which size of the extracellular domain of 
the mucin MUC1 is sufficient for this molecule 
to facilitate integrin-mediated adhesion. To an-
swer this question, we used HT-29 cell lines 
stably expressing recombinant proteins contain-
ing a different number of tandem repeats from 
the VNTR region of the human mucin MUC1 
in their extracellular regions [28].

Materials and Methods

Reagents
Monoclonal and polyclonal antibodies were 
obtained from the following sources: anti-inte-
grin α5β1, anti-integrin αvβ3 antibodies, 

Alexa647-conjugated goat anti-mouse immu-
noglobulin were purchased from Abcam (USA). 
All other chemicals and salts were purchased 
from Merck (Germany) and Amresco (USA). 
Tripan Blue solution was purchased from 
Thermo Fisher Scientific (USA).

Cell culture was performed using a 
Dulbecco’s modified Eagle’s medium 
(DMEM), Versen solution and trypsin solution 
(PanEco, Russian Federation); fetal calf serum 
(FCS) (Hyclone, USA); geneticin (G418), 
penicillin and streptomycin antibiotics were 
purchased from Sigma-Aldrich (USA).

Human vitronectin and fibronectin were 
purchased from Advanced Bio Matrix (USA).

Cell Culture
HT-29 cells (HT-29_TR-, HT-29_TR1, HT-
29_TR4, HT-29_TR8, HT-29_TR12 and HT-
29_TR20) expressing proteins with a different 
number of tandem repeats (0, 1, 4, 8, 12 and 
20, respectively) [28] were maintained in 
DMEM supplemented with 10 % heat-inacti-
vated fetal bovine serum, penicillin/streptomy-
cin and 700 mg/ml G418 in a humidified in-
cubator at 37 °C and 5 % CO2.

Fluorescence microscopy
The cells with 70 % confluence grown on 
35 mm plastic dishes, were washed with DPBS 
and incubated with Versen (10–15 minutes in 
a humidified incubator at 37 °C and 5 % CO2). 
Then Versen was aspirated and cells were 
detached with a stream of complete DMEM 
(2 ml). 400 μl of cell suspension were put on 
the glass bottom of 35-mm plates. EGFP fluo-
rescence in live cells was analyzed after 24–
48 h using an Eclipse Ts100 conformal fluo-
rescent microscope (Nikon, Japan).



291

The length of mucin MUC1 extracellular domain affects integrin-mediated cell adhesion to fibronectin and vitronectin 

For studing the colocalisation 200 μl of cell 
suspension (cells were detached with Versen) 
put in the center of the washed and sterilized 
glass coverslips and incubated 24-48 h in a 
humidified incubator at 37 °C and 5 % CO2. 
Then growth medium was removed, cells were 
washed gently with DPBS and fixed with 4 % 
PFA in PBS for 10 minutes at room tempera-
ture. After gently washing 3 times with PBS, 
cells were incubated with a blocking solution 
(3 % BSA in PBS) for 40 minutes at room 
temperature. Then cells were incubated with 
the primary anti-integrin a5b1 (dilution 1:1000) 
or anti-integrin avb3 antibodies (dilution 
1:500) for 1h at room temperature, washed 
three times with the blocking solution and 
incubated with Alexa647-labeled secondary 
antibodies (dilution 1:2000) for one hour at 
37 °C. Then cells were washed three times 
with PBS and coverslips were mounted on the 
microscope slides with the mounting medium.

Cell adhesion assay
One day before the assay, the ECM proteins 
(human fibronectin and vitronectin) were di-
luted with cold RPMI (final concentration of 
each protein was 20 µg/ml) and 60 µl of pro-
tein solution were placed into each well of a 
96-well plate. The procedure was performed 
on ice to avoid ECM protein polymerization. 
The plate was incubated 1-2 h at 37 °C, and 
then the wells were washed 3 times by DPBS. 
100 µl of 2 % BSA were placed into each well 
and the plate was incubated 1 h at 37 °C. Then 
solution was aspirated and the wells were 
washed 3 times by DPBS. 

HT-29 cells were detached with Versen, 
counted using Tripan Blue and diluted with the 
complete DMEM to the final concentration of 

8,5х104 cells/ml. 100 µl of cell suspension was 
placed in each well of the 96-well plate and 
incubated 2 h at 37 °C, 5 % CO2. The specified 
time interval was determined for the selected 
lines experimentally as a result of preliminary 
experiments (data not shown). Increased incu-
bation time led to the disapperance of the dif-
ference in the adhesion ability between differ-
ent cell lines. Then growth medium with non-
bound cells was removed and wells were gen-
tly washed twice with DPBS. 100 µl of DMEM 
and 50 µl of MTT solution (concentration 
1.35 mg/ml) were added to each well. Plates 
were incubated for 1.5 h at 37 °C, 5 % CO2. 
The solution was removed and 200 µl of 
DMSO was added in each well. The absor-
bance of samples were recorded at 570 nm 
with the NanoQuant Infinite M200 Pro plate 
reader (Tecan, Switzerland). Each assay was 
performed in triplicate and repeated at least 
three times.

The number of the attached cells was de-
termined using the calibration curves plotted 
for each cell line. For calibration curves plot-
ting cells were detached and counted as de-
scribed above. 500, 1000, 2000 and 3600 cells 
suspended in the complete DMEM, were 
placed into the 96-well culture plate (each in 
triplicate) and incubated for 14 h at 37 °C in 
5 % CO2. Then the growth medium was re-
moved and the wells were gently washed twice 
with DPBS. MTT solution was added and 
after 1.5 h it was replaced by DMSO as de-
scribed above. The absorbance of samples 
were recorded at 570 nm.

Analysis of integrin receptor expression
Cells grown in 100 mm tissue culture plates 
to 70–90 % confluence were detached with 
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Versen, diluted with DPBS to a concentration 
of 1х106 cells/ml. 1 ml of cell suspension was 
centrifuged (3 min at 1000 g), DPBS was as-
pirated and the cells were resuspended in the 
mixture of primary anti-integrin a5b1 (dilution 
1:500) or anti-integrin avb3 (dilution 1:500) 
and Alexa647-labeled secondary antibodies 
(dilution 1:1000) for 1 h at 4 °C. Then cells 
were washed 3 times with DPBS and kept at 
4 °C until analyzed by flow cytometry (BD 
FACS AriaIII, USA). Control cells were incu-
bated with the secondary antibody only (dilu-
tion 1:2000).

Statistical analysis
For the EGFP fluorescence evaluation, the im-
ages of cells were divided into squares of 
100 µm2. The number of clusters was counted 
in each square. Data are represented as 
mean±SD. At least 10 areas were analyzed for 
each cell line.

Results and Discussion

Cell adhesion to vitronectin and fibro-
nectin decreases with an increase in the 
number of tandem repeats up to 12. Ad-
dition of 8 supplementary repeats leads 
to a change in the cell adhesion profile 
An ability of stably transfected cell lines ex-
pressing recombinant proteins to adhere to 
vitronectin and fibronectin was studied. The 
extracellular domains of these proteins (TR-, 
TR1, TR4, TR8, TR12 and TR20) are com-
posed of different numbers of tandem repeats 
from the VNTR region of human mucin MUC1 
(0, 1, 4, 8, 12 and 20, respectively). These 
proteins also contain MUC1 transmembrane 
domain and anchoring fragment (Cys-Gln-

Cys). EGFP is located in the C-terminus [28]. 
The difference in the length of the recombinant 
proteins was confirmed by immunoblot-
ting. [28].

In stably transfected HT-29 cells, the abi li-
ty to adhere to vitronectin decreases in the 
following order: HT-29_TR1 → HT-29_TR4 
→ HT-29_TR8 → HT-29_TR12 (Fig. 1). An 
addition of 8 tandem repeats to TR12 leads to 
an unexpected increase in the cell adhesion to 
the extracellular matrix proteins. In the case 
of fibronectin, only HT-29_TR20 cells dem-
onstrated increased adhesion ability in contrast 
with an extremely low adhesion in other cells.

This marked difference in the adhesion of 
HT-29_TR20 cells may be due to different 
expression levels of integrin receptors mediat-
ing the interaction with extracellular matrix 
proteins. To test this hypothesis, we deter-
mined the content of α5β1 and αvβ3 integrins 
on the surface of HT-29_TR-, HT-29_TR4, 
HT-29_TR12 and HT-29_TR20 cells.

Fig. 1. Adhesion of stable cell lines expressing recombi-
nant proteins with different numbers of tandem repeats in 
the extracellular region of MUC1 to fibronectin and vit-
ronectin from fibroblasts. Data are expressed as mean 
cell number ± SD. Each assay was performed in triplicate 
and repeated at least three times. 
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The content of fibronectin- and vitro-
nectin-binding integrin receptors on the 
surface of the stably transfected cells 
does not correlate with their adhesion 
capacity
Comparison of the amount of α5β1 and αvβ3 
integrin receptors on the surface of the HT-
29_TR-, HT-29_TR4, HT-29_TR12 and HT-
29_TR20 cells was performed by measuring 
the median of fluorescence intensity using 
FACS analysis with fluorescently labeled anti-
bodies to different chains of integrin receptors.

The separation of cells of each line into two 
subpopulations characterized by different le-
vels of integrin receptor expression was ob-
served. In each case, a minor subpopulation of 
the cells was identified, where the content of 
integrin receptors on the cells surface was 10 
times higher than in the major population 
(Fig. 2, 3). It should also be noted that the 
expression level of recombinant protein was 
almost the same in both subpopulations.

So, for the fibronectin receptor (integrin 
α5β1) the minor subpopulation (P3) includes 
approximately 10 % of cells (NOT (P3). P3 
populations were different in median of fluo-
rescence intensity among different cell lines 
and the difference reached 2.5 times (Fig. 2). 
However, despite the differences in the content 
of integrin receptors in cells from the P3 pop-
ulation of the HT-29_TR-, HT-29_TR4 and 
HT-29_TR12 lines, their adhesion to fibronec-
tin was almost the same. Moreover, HT-29_
TR20 cells which had the lowest expression 
level of α5β1 integrin in the P3 population, 
had the strongest adhesion to fibronectin, five 
times stronger than the other cell lines. Thus, 
neither the size of the cell population with 
α5β1 integrin overexpression, nor the expres-

sion level of the integrin receptors in this pop-
ulation or in the total population reflects the 
dynamics of changes in the adhesion ability of 
cells of stable lines to fibronectin.

Similar results were obtained when studying 
the content of αvβ3 integrin on the cell surface. 
There was no significant difference in the ex-
pression levels between lines in both the major 
and minor populations (Fig. 3). It should be 
noted that the largest size of the P3 subpopula-
tion was observed in HT-29_TR- cells. 
However, a comparison of the number of in-
tegrin receptors on the surface of cell from 
different populations allowed us to conclude 
that there were no significant differences with-
in each population. Thus, the difference in cell 
adhesion to fibronectin and vitronectin could 
not be accounted for by the differences in the 
content of fibronectin and vitronectin-recog-
nizing receptors.

The distribution of mucin in the area 
of cell adhesion varies with the length 
of its extracellular region
Using a confocal microscope, we obtained a 
series of optical sections of cells expressing 
fusion proteins. We observed a uniform distri-
bution of EGFP fluorescence in the adhesion 
region (the “lower” cell membrane attached to 
the glass) in HT_TR- cells (Fig. 4), indicating 
that the recombinant protein TR- did not par-
ticipate in adhesion. Given the fact that TR- 
lacks almost all functional domains of MUC1, 
this polypeptide has no regions capable of 
participating in adhesion and represents just 
an EGFP anchored in the membrane. The dis-
tribution of fluorescence in HT-29_TR1 cells 
was similar (Fig. 4). The TR1 protein contains 
only one tandem repeat and, probably, its ex-



294

M. S. Syrkina, DM. Potashnikova, MA. Rubtsov

Fig. 2. FACS analysis of α5β1 integrin expression on the surface of stable cell lines.
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Fig. 3. FACS analysis of avb3 integrin expression on the surface of stable cell lines.
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Fig. 4. EGFP fluo-
rescence in the ar-
eas of attachment 
of stably transfec-
ted HT-29 cells to 
glass. The bottom 
and side panels of 
each image de-
monstrate the op-
tical section of the 
three-dimensional 
image in xz and 
yz planes, respec-
tively. A number 
of clusters per 
100 µm2 is shown 
in the lower right 
corner of each 
ima ge. Data are 
expressed as mean 
(expressed as cell 
number) ± SD. At 
least 10 fields 
were analyzed for 
every cell line. 
Scale bar=10 mi-
crometers. 
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tracellular domain is too short to exert any 
effect on cell adhesion and form clusters. This 
is also confirmed by the analysis of vitronectin 
and fibronectin binding: the adhesion of HT-
29_TR1 cells is even stronger than in HT-
29_TR- cells.

Starting with four tandem repeats, the fluo-
rescence clusters become observable on the 
lower membrane, being the most notable in 
cells expressing a protein with 20 tandem re-
peats. The comparison of the number of MUC1 
clusters per square unit between cell lines 
identified an increase in fluorescence discreet-
ness with an increasing number of tandem 
repeats in the recombinant proteins (Fig. 4, 
lower right corner of each image). In the case 
of TR4, TR8 and TR12 proteins such cluste-
ring is rather sporadic: the protein is evenly 
distributed on the cell membrane, although 
there are large areas almost completely devoid 
of EGFP fluorescence. Possibly the size of the 
extracellular region is not sufficient to indi-
rectly activate integrin receptors [27], but suf-
ficient to hinder the interaction of integrin 
receptors with extracellular matrix proteins 
(Fig. 1). In cells expressing MUC1 glycopro-
tein with 20 tandem repeats, a pronounced 
clustering of EGFP fluorescence is noticeable. 
This may indicate an indirect activation of 
integrin receptors [27] leading to an unex-
pected increase in the adhesion ability to fi-
bronectin and vitronectin (Fig. 1).

The effect of mucin proteins on the in-
tegrin avb3 and a5b1 clustering on the 
cell surface
To investigate the effect of mucin proteins with 
extracellular domains of various lengths on 
integrin avb3 and a5b1 distribution, a series of 

confocal microscope images of the cells with 
double fluorescent label (EGFP label of the 
recombinant protein and Alexa647 label of the 
anti-integrin avb3 or anti-integrin a5b1 anti-
body) were analyzed. Integrin avb3 clustering 
did not depend on the number of tandem re-
peats in the MUC1 protein (Fig. 5, A). It is 
noteworthy that in the HT-29_TR- cells, the 
areas of integrin avb3 distribution overlap with 
the areas of MUC1 distribution, but in the HT-
29_TR4, HT-29_TR12 and HT-29_TR-20 
cells, integrin receptors localize in the areas 
devoid of the recombinant proteins (the peaks 
of Alexa647 fluorescence do not overlap with 
the peaks of the EGFP fluorescence) (Fig. 5, 
A, left panels). On the basis of these observa-
tions and the results of cell adhesion assay 
(Fig. 1), we can assume that the extension of 
the VNTR region up to 12 tandem repeats 
inhibits the integrin avb3-mediated adhesion 
to vitronectin. Considering the direct relation-
ship between a decrease in adhesion and an 
increase in the number of tandem repeats, we 
suppose the steric hindrance of integrin-ligand 
interaction. The surprising increase in the ad-
hesion ability of HT-29_TR-20 cells in com-
parison with HT-29_TR-12 cells without any 
visible changes in the surface architecture may 
indicate the switching of the pathway of 
MUC1-mediated activation of integrin recep-
tors using the mechanism described by Paszek 
et al. [27] or another unknown mechanism.

In the case of integrin a5b1, clustering de-
pends on the number of tandem repeats in the 
MUC1 protein (Fig. 5, B). In the HT-29_TR- 
cells, the molecules of integrin a5b are distrib-
uted uniformly (no peaks of Alexa647 fluores-
cence). In the cells bearing on their surfaces 
proteins with tandemly repeated sequences 
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A

B

Fig. 5. Colocalization of EGFP fluorescence of recombinant proteins and Alexa647 fluorescence of anti-integrin avb3 
A — or anti-integrin a5b1; B — antibodies in HT-29_TR-, HT-29_TR4, HT-29_TR12 and HT-29_TR20 cell lines. 
Scale bar 1 micrometer. Left panel of each image represents fluorescence intensity profiles for the rectangles marked 
by an arrow. Each image represented is one of at least 10 images, which were analyzed for every cell line.
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(HT-29_TR4, HT-29_TR12 and HT-29_TR-
20), the signal of Alexa647 fluorescence local-
izes in the areas devoid of recombinant pro-
teins (the peaks of Alexa647 fluorescence do 
not overlap with the peaks of the EGFP fluo-
rescence) (Fig. 5, B). But only in the HT-29_
TR-20 cells, the clusters with a high density 
of receptors form on the cell surface. This 
observation was made by comparing the 
Alexa647 fluorescence signal intensity in the 
integrin-rich areas on the surfaces of the cells 
from different cell lines (Fig. 5, B, left panels). 
The correlation of these data with the cell 
adhesion (Fig. 1) suggests an activation of 
integrin a5b1 receptors by TR20, due to induc-
tion of the integrin clustering, followed by 
enhanced cell adhesion to fibronectin (Fig. 6).

Conclusions
1. The adhesion of cells overexpressing human 
mucin MUC1 to extracellular matrix proteins 
depends on the size of the tandem repeat region.

2. The increase in the number of tandem 
repeats up to 12 (TR12) may disrupt an in-
teraction of integrin avb3 receptors with 
vitronectin (but does not interfere with inte-
grin clustering); this is reflected in the re-
duction in adhesion. However, when the 
length of MUC1 extracellular region rea ches 
20 tandem repeats (TR20), MUC1 stimulates 
adhesion.

3. An apperance of tandem repeats on the 
cell surface leads to the aggregation of integrin 
a5b1 molecules in the areas devoid of MUC1 
molecules. Integrin a5b1 molecules form clus-
ters with the high density of the receptors on 
the surface of TR20-expressing cells. As a 
result, HT-29_TR20 cells demonstrate an in-
creased adhesion to fibronectin in contrast to 
other cell lines (Fig. 6).
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Fig. 6. Graphic representation of the cross-talk between mucin MUC1 and integrin a5b1 molecules in cell adhesion.
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Участь муцину MUC1 у інтегрін-
опосередкованій адгезії клітин до фібронектину 
та вітронектину залежить від довжини його 
позаклітинного домену

М. С. Сиркіна, Д. М. Поташнікова, М. А. Рубцов

Мета. Встановити, чи існує відмінність у адгезії до 
білків позаклітинного матриксу у клітин стабільних 
ліній, що експресують рекомбінантні злиті білки, 
що містять в позаклітинному домені різну кількість 
тандемних повторів з області VNTR муцина MUC1 
людини. Методи. Аналіз клітинної адгезії, проточна 
цитометрії, конфокальна флуоресцентна мікроско-
пія. Результати. При збільшенні числа тандемних 
повторів в позаклітинній області муцина MUC1 
людини спочатку рівномірний розподіл рекомбінант-
ного білка в області контакту клітини зі склом змі-
нюється на дискретний, а потім відбувається фор-
мування компактних кластерів. Адгезія клітин до 
вітронектину і фібронектину не залежить від кіль-
кості інтегрінових рецепторів на клітинній поверх-
ні, зменшуючись в ряду: HT-29_TR4 → HT-29_TR12. 
У клітин HT-29_TR20 спостерігається збільшення 
адгезії до даних білків позаклітинного матриксу. 
Інтегрин avb3 (рецептор вітронектину) кластеризу-
ються в клітинах всіх проаналізованих ліній, в той 
час як интегрин a5b1 (рецептор фібронектину) утво-
рює компактні кластери тільки на поверхні клітин 
HT-29_TR20. Обидва інтегріна розподілені в облас-
тях, позбавлених молекул MUC1 на поверхні клітин 
HT-29_TR4, HT-29_TR12 і HT-29_TR20, а розподіл 
даних інтегрінов на поверхні клітин HT-29_TR- не 
залежить від локалізації рекомбінантного білку. 
Висновки. Збільшення числа тандемних повторів в 
позаклітинній області муцина MUC1 від 12 до 20 
призводить до помітного ослаблення антагонізму 
муцину MUC1 по відношенню до інтегринів avb3 
при адгезії клітин до вітронектину і появи синергіз-
му по відношенню до інтегринів a5b1 при адгезії 
клітин до фібронектину

К л юч ов і  с л ов а: MUC1, інтегріни, avb3, a5b1, 
адгезія , кластерізація
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Участие муцина MUC1 в интегрин-
опосредованной адгезии клеток 
к фибронектину и витронектину зависит 
от длины его внеклеточного домена

М. С. Сыркина, Д. М. Поташникова, М. А. Рубцов

Цель. Установить, существует ли отличие в адгезии 
к белкам внеклеточного матрикса у клеток стабильных 
линий, экспрессирующих рекомбинантные слитые 
белки, содержащие в внеклеточном домене различное 
количество тандемных повторов из области VNTR 
муцина MUC1 человека. Методы. Анализ клеточной 
адгезии, проточная цитометрия, конфокальная флуо-
ресцентная микроскопия. Результаты. При увеличе-
нии числа тандемных повторов в внеклеточной обла-
сти муцина MUC1 человека сначала равномерное 
распределение рекомбинантного белка в области кон-
такта клетки со стеклом изменяется на дискретное, 
а затем происходит формирование компактных кла-
стеров. Адгезия клеток к витронектину и фибронек-
тину не зависит от количества интегриновых рецеп-
торов на клеточной поверхности, уменьшаясь в ряду: 
HT-29_TR4 → HT-29_TR12. У клеток HT-29_TR20 

наблюдается увеличение адгезии к данным белкам 
внеклеточного матрикса. Интегрин avb3 (рецептор 
витронектина) кластеризуется в клетках всех проана-
лизированных линий, в то время как интегрин a5b1 
(рецептор фибронектина) образует компактные кла-
стеры только на поверхности клеток HT-29_TR20. Оба 
интегрина распределены в областях, лишенных моле-
кул MUC1 на поверхности клеток HT-29_TR4, HT-
29_TR12 и HT-29_TR20, а распределение данных 
интегринов на поверхности клеток HT-29_TR- не 
зависит от локализации рекомбинантного белка. 
Выводы. Увеличение числа тандемных повторов в 
экстрацеллюлярной области муцина MUC1 от 12 до 
20 приводит к заметному ослаблению антагонизма 
муцина MUC1 по отношению к интегрину avb3 при 
адгезии клеток к витронектину и появлению синер-
гизма по отношению к интегрину a5b1 при адгезии 
клеток к фибронектину.

К л юч е в ы е  с л ов а: MUC1, интергины, avb3, a5b1, 
адгезия, кластеризация
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