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Introduction

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 MUC!. Methods. Cell adhesion assay, FACS
analysis, confocal fluorescence microscopy. Results. With an increase in the number of tandem
repeats in the extracellular region of MUC], 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 aSb1 (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 MUCI from 12 to 20 leads to a noticeable decrease in the antagonism
of mucin MUCI1 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

Keywords: MUCI, integrin, avb3, aSbl, adhesion, clustering

Hematogenous metastasis involves several key cells from the primary tumor into the blood
stages. It begins with the invasion of tumor vessel [1]. Then circulating tumor cells (CTC)

© 2019 MS. Syrkina et al.; Published by the Institute of Molecular Biology and Genetics, NAS of Ukraine on behalf of Bio-
polymers and Cell. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium,
provided the original work is properly cited

288


mailto:krimsy@yandex.ru

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

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
molecules 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 mobility, 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. MUCI 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 MUCI1 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 MUCI1 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 MUCI1 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 disrupting 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 MUCI1-
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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 MUCI 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 MUCI) 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
MUCI, 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 containing 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 MUCT 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 MUCT 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 MUCI1
in their extracellular regions [28].

Materials and Methods

Reagents

Monoclonal and polyclonal antibodies were
obtained from the following sources: anti-inte-
grin a5B1, anti-integrin avp3 antibodies,
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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 TRS8, 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 % CO,.

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 % CO,).
Then Versen was aspirated and cells were
detached with a stream of complete DMEM
(2 ml). 400 pl 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).
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For studing the colocalisation 200 pl 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 % CO.,.
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 aSb1 (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 ug/ml) and 60 pl 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 pl 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

8,5x10% cells/ml. 100 pul of cell suspension was
placed in each well of the 96-well plate and
incubated 2 h at 37 °C, 5 % CO,. 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 ul of DMEM
and 50 ul of MTT solution (concentration
1.35 mg/ml) were added to each well. Plates
were incubated for 1.5 h at 37 °C, 5 % CO,.
The solution was removed and 200 ul 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 % CO,. 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 1x100 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 aSb1 (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 Arialll, 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 pm?. 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 MUCI1 transmembrane
domain and anchoring fragment (Cys-Gln-

292

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 abili-
ty to adhere to vitronectin decreases in the
following order: HT-29 TR1 — HT-29 TR4
— HT-29 TR8 — HT-29 TRI12 (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 a5B1 and avp3 integrins
on the surface of HT-29 TR-, HT-29 TRA4,
HT-29 TR12 and HT-29 TR20 cells.
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Fig. 1. Adhesion of stable cell lines expressing recombi-
nant proteins with different numbers of tandem repeats in
the extracellular region of MUCI 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 a5B1 and avf33
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
a5B1) 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 a5B1 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
a5B1 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 avP3 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 MUCI,
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 TRI1 cells
was similar (Fig. 4). The TR1 protein contains
only one tandem repeat and, probably, its ex-
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Fig. 2. FACS analysis of a5B1 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-
HT-29_TR- HT-29_TR1 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
0 clusters R 0 clusters image in xz and
per 100 pm2 ' per 100 pm2 yz planes, respec-
' tively. A number
of clusters per

100 um? is shown
in the lower right
corner of each
image. Data are
expressed as mean
(expressed as cell
number) + SD. At
least 10 fields
were analyzed for
every cell line.
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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 TRI 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 MUCI1
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 a5bl 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 aSb1l anti-
body) were analyzed. Integrin avb3 clustering
did not depend on the number of tandem re-
peats in the MUCI 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 MUCI 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
MUCI1-mediated activation of integrin recep-
tors using the mechanism described by Paszek
et al. [27] or another unknown mechanism.
In the case of integrin a5bl, clustering de-
pends on the number of tandem repeats in the
MUCI 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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Fig. 6. Graphic representation of the cross-talk between mucin MUC1 and integrin a5b1 molecules in cell adhesion.

(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 MUCI 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 MUCI1 extracellular region reaches
20 tandem repeats (TR20), MUCI 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 MUCI
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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Yuacte mynuny MUC1 y inTerpin-
onocepeaKoBaHii aaresii KJIiTHH 10 (PiOpOHEKTHHY
Ta BITPOHEKTHUHY 3aJI€KUTH Bill JOBKHHH HOro
NMO3aAKJITHHHOIO JOMEHY

M. C. Cupkina, [I. M. IToramuikoBa, M. A. PyOmios

Mera. BcTaHOBHTH, YU iICHY€E BIIMIHHICTB y ajresii 1o
O1JIKIB O3aKIITHHHOTO MaTPUKCY Y KIITHH CTaOITBHUX
JIHIA, MO0 eKCIPEeCyITh PeKOMOIHAHTHI 3MHUTI OLIKH,
10 MICTATH B IMO3aKJIITHHHOMY JIOMEHI Pi3HY KUIBKICTb
TaHIeMHHUX OBTOPIB 3 o6macti VNTR myrmmaa MUC1
moauHu. MeToau. AHami3 KITITHHHOT aare3ii, mpoToyHa
IUTOMETPIi, KOH(pOKaIbHA (IIyOPECIIEHTHA MiKPOCKO-
mist. Pesyabraru. [Ipu 30inbmIeHHI 9uCiia TaHAEMHUX
MTOBTOPIB B MO3aKIiTHHHIN obmacti mynnaa MUCI
JIFOJIMHY CIIOYATKy PIBHOMIPHUI pO3MO/ii peKoMOiHaHT-
HOTO OiKa B 00NTacTi KOHTAKTy KIIITHHH 31 CKJIOM 3Mi-
HIOETHCSI Ha TUCKPETHUH, a TOTIM BinOyBaeTbes Qop-
MyBaHHSI KOMITAaKTHUX KJacTepiB. AJresis KIITHH 10O
BITpOHEKTHHY 1 ()iOPOHEKTHHY HE 3aJICKUTH BiJl Kilb-
KOCTI1 1HTETPiHOBHUX PENENTOPiB Ha KIIITHHHIA MOBEPX-
Hi, 3MeHnTyouuch B psny: HT-29 TR4 — HT-29 TR12.
VY xaitua HT-29 TR20 cnocrepiraerbest 301IbIIEHHS
anresii 10 maHUX OiTKIB MO3aKIITHHHOTO MaTPHUKCY.
IaTerpun avb3 (penentop BITPOHEKTHHY) KIaCTEPU3Y-
FOTBCS B KIIITHHAX BCIX MMPOAHAIII30BAHUX JIiHIHA, B TOH
yac gk uHTerpuH aSbl (peuentop GpidpoHEKTHHY) YTBO-
PIOE KOMITaKTHI KJIaCTePH TIJIbKW Ha MOBEPXHI KIIITHH
HT-29 TR20. O6uaBa iHTerpiHa po3noaiieHi B oonac-
T4X, mo36aBnennx monekyr MUC] Ha moBepXHi KIIITHH
HT-29 TR4, HT-29 TR12 i HT-29 TR20, a po3noxin
JlaHWX iHTerpiHOB Ha moBepxHi kmituH HT-29 TR- He
3aJISKHUTh BiJ JOKami3allii peKOMOiHaHTHOTO OiJNKYy.
BucHoBkmu. 30i7bIIEHHS YUCIIa TAHIEMHHX ITOBTOPIB B
rmo3akmiTHHHIA obOmacti mymmaa MUCI Bix 12 go 20
MIPU3BOJIUTE JI0 TIOMITHOTO OCIAaOJIEHHS aHTaroHi3My
myruHy MUCI 1o BiZHOIIEHHIO O iHTErpuHiB avb3
IIpH aare3ii KIITHH 10 BITPOHEKTHHY 1 TOSIBH CHHEPT13-
My II0 BiTHOIIEHHIO IO iHTETpHHIB a5bl mpwu axaresii
KJIITUH 10 (iOpPOHEKTHHY

KawuoBi caosa: MUCI, iarerpinu, avb3, a5bl,
ajresis , Kjlacrepizaris
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Yuactue mynuaa MUC1 B nHTerpuH-
ONOCPEAOBAHHOI aAre3un KJIETOK

K (GUOPOHEKTHHY H BUTPOHEKTHHY 3aBHCUT
OT AJIMHBI €r0 BHEKJIETOYHOI0 J0MeHa

M. C. Ceipxuna, JI. M. [Totamraukosa, M. A. Py6mos

esab. YcTaHOBUTH, CYIIECTBYET JI OTINYHE B aIe3UH
K OeIKaM BHEKJIETOYHOTO MaTPHKCA Y KJIETOK CTaOMIIbHBIX
JIUHUH, SKCIPECCUPYIONTUX PEKOMOWHAHTHBIC CIIUTHIC
Oenku, cosep>kalie B BHEKJIETOYHOM JIOMEHE Pa3IMIHOE
KOJIMYECTBO TaHAEMHBIX MOBTOPOB m3 obmact VNTR
mynuHa MUC] uenoBeka. MeToabl. AHaJIN3 KJICTOUHOM
aJIre3uy, IPOTOYHAsT TUTOMETPHsI, KOH(pOKaIbHast (iryo-
pecueHTHas Mukpockonus. Pesyabrarsl. [Ipu yBenuye-
HUU YUCJia TAaHAECMHBIX ITOBTOPOB B BHEKJIETOYHOM 00J1a-
ctu myunHa MUC] yenoBeka cHauaja paBHOMEPHOE
pacripeneneHne peKoMOMHAHTHOTO OeJka B 00JIacTH KOH-
TakTa KJIETKH CO CTEKJIOM M3MEHSeTCs Ha JUCKpPETHOE,
a 3areM MPOHMCXOANUT (POpMHPOBAHHE KOMITAKTHBIX KJIa-
CTepoB. ANre3ust KIETOK K BUTPOHEKTHHY U (PpHOpOHEK-
TUHY HC 3aBUCUT OT KOJIMYECTBA MHTCTPHUHOBBLIX PCUECII-
TOPOB Ha KJIETOYHON ITOBEPXHOCTH, YMEHBIIASCH B PSIATY:
HT-29 TR4 — HT-29 TRI12. V xnerok HT-29 TR20

302

HaOIroaeTcsl yBeIMUeHUE aAre3uH K JaHHBIM OeKaM
BHEKJIESTOYHOTO Marpukca. MaTerpun avb3 (pementop
BUTPOHEKTHHA) KIACTEPU3yeTCsl B KJIETKaX BCEX MpOaHa-
JTU3UPOBAHHBIX JIMHUH, B TO BpeMs Kak MHTETpuH a5Sbl
(peuenrop ¢pubpoHeKkTHHA) 00pazyeT KOMIAKTHBIE Kila-
CTepBI TONBKO Ha roBepxHocTH KieTok HT-29 TR20. O6a
HMHTETrpHHA PACTIPEAEIICHBI B 00IACTSIX, JIUIIEHHBIX MOJIe-
kyn MUCI1 na nosepxnoctu xierok HT-29 TR4, HT-
29 TRI12 u HT-29 TR20, a pacnpeneneHrue JaHHBIX
UHTErpUHOB Ha noBepxHocTH KieTok HT-29 TR- ue
3aBHUCHT OT JIOKAJIM3alMM PEKOMOMHAHTHOTO OeJKa.
BbIBonabl. YBennueHUe Yuciia TaHAEMHBIX TTOBTOPOB B
SKCTpaneIuIrosipHoii oonmactu myraa MUCT ot 12 no
20 mpUBOAMUT K 3aMETHOMY OCIJIAOJICHHIO aHTaroHW3Ma
mytmaa MUCT o oTHOIIEHHIO K UHTErpuHy avb3 mpu
a/re3un KJICTOK K BUTPOHEKTHHY U TIOSIBJICHUIO CHHEp-
TU3Ma 0 OTHONICHHUIO K MHTErpuHy aSbl mpu aare3un
KJIETOK K (prOpOHEKTHHY.

KnawueBnbie ciaoBa: MUCI, uareprunsl, avb3, aSbl,
ajre3usi, KjacTepu3alivs
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