
vv

255

Citation: Mezhevikina LM, Reshetnikov DA, Fomkina MG, Fesenko EE (2020) Ultrathin polyethyleneimine (PEI) films for culturing of the human mesenchymal stromal 
cells (hMSCs). J Cardiovasc Med Cardiol 7(3): 255-261.DOI: https://dx.doi.org/10.17352/2455-2976.000148

https://dx.doi.org/10.17352/jcmcDOI: 2455-2976ISSN: 

M
E

D
I

C
A

L
 G

R
O

U
P

Research Article

Ultrathin polyethyleneimine 
(PEI) fi lms for culturing of the 
human mesenchymal stromal 
cells (hMSCs)
Liudmila M Mezhevikina1*, Dmitriy A Reshetnikov1, Maria 
G Fomkina2 and Evgeniy E Fesenko1 
1Institute of Cell Biophysics of the Russian Academy of Sciences, Pushchino, Moscow region 142290, 

Russia

2Institute of Theoretical and Experimental Biophysics of the Russian Academy of Sciences, Pushchino 

Moscow region 142290, Russia

Received: 10 August, 2020
Accepted: 17 August, 2020
Published: 18 August, 2020

*Corresponding author: Liudmila M Mezhevikina, Insti-
tute of Cell Biophysics, RAS, Pushchino, Institutskaya 
Street 3, Moscow Region 142290, Russia, Tel: 8-495-
625-59-84; 8-916-438-34-32; Fax: 8-496-733-05-09; 
E-mail:  

Keywords: Mesenchymal stromal cells; 
Polyethyleneimine; Adhesion; Cell proliferation

https://www.peertechz.com

Summary

A polymer polyethyleneimine (PEI) can be used in various cell technologies, including the nonviral transfection of animal and human eukaryotic cells. We used the 
polymer (in the 1 mg/ml concentration) to produce the ultrathin fi lms at the culture plastic that could enhance the adhesive properties of the human mesenchymal stromal 
cells (hMSCs) isolated from the heterogeneous cell population of the marrow. Our study demonstrated that the PEI fi lms prevent cell-to-cell cooperation and “glomeration” 
of hMSCs at the surface of a cultural plate, and enhance hMSCs viability and metabolic activity in vitro. The stimulating effects of PEI on cell proliferation are negligible. 
Moreover, the immobilization of the human platelet lysate (PL) in 5% or 10% concentrations into the PEI solution increases hMSCs viability and effectiveness of their 
culturing under the deprivation condition and in the serum-free medium. We suggest to use the PEI fi lms containing the immobilized growth factors in the regenerative 
medicine – at the stages of hMSCs isolation and growth of their biomass. 

Inroduction

A synthetic polymer PEI is used in biomedicine and cell 
technologies as an agent for non-viral transfection of the 
eukaryotic cells [1-5]. PEI binds to DNA, RNA, proteins and 
immunoglobulin’s at physiological рН (7.2–7.4) [1,6-8]. 
Nanoscale complexes PEI-DNA (polyplexes) penetrate the 
plasma membranes by endocytosis [9]. This phenomenon was 
shown with the human fi broblasts [9], HEK293, NIH-3T3, 
HeLa cells [7] and epithelium of the upper respiratory tracts 
[10]. The polyplexes are unpacked in the lysosomes of host cells 
and free DNA spreads into the cytoplasm and cell nucleus [1,11]. 
Various modifi cations of PEI are used as adjuvants enhancing 
immune response of a body against action of a vaccine [12]. 
The polyelectrolyte has strong antimicrobial and antiviral 
properties [13-15]. On an industrial scale, PEI can be used as 
a chelating agent at cleaning of water reservoirs from salts of 
heavy metals [16]. 

The literature sources contain the data on the PEI application 
to improve adhesion of the cells with weak adherence to culture 
plastic, such as endothelial [17,18] and neural cells of a mature 
body [17,19,20], while just the adhesion serves as a key factor 
in their proliferation and differentiation [17,21,22]. In case of 
the neural cells, the effectiveness of the customary adhesion 
factors from the polypeptides of the extracellular cell matrix 
(ECM) is much lower than the effectiveness of the PEI [19,20]. 
For example, as a result of poor coupling of the primary cortical 
neurons with the ECM proteins (laminin, polylysine) the cells 
never adhere to the surface of a culture plastic and lose their 
potential to differentiate in vitro [20]. At the same time, when 
the culture plastic is covered with the PEI, the cortical neurons 
grow and differentiate on its surface, forming the functional 
neurites and sinus-like structures. A polyelectrolyte PEI has 
obvious advantages over such natural adhesion factors as 
collagen and polylysine [17], that was proved with the cultures 
of the immortal cell lines PC-12 and HEK-293. 
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The lower effectiveness of the eukaryotic cells culturing at 
the coatings from the ECM polypeptides comparatively with 
culturing on the coatings from the synthetic polymer PEI can 
be the result of the protein amide groups hydrolysis at the 
physiological conditions [23]. ECM debris may exert negative 
effects on cell metabolism, proliferation and differentiation, 
while the cell adhesive PEI fi lms have, at the physiological 
conditions of culturing, the enhanced resistance and stability. 
Moreover, they keep their physico-chemical and biological 
properties over time, becoming an advantageous adhesive 
material for the isolation and culturing of the mesenchymal 
stromal/stem cells of the human marrow (hMSCs). In case 
of the hMSCs, their adhesion, sticking and spreading within 
the culture plastic underlie production of a homogeneous 
cell population [24,25]. However the mentioned authors note 
that a method of ECM isolation from the marrow based on a 
dominating adhesion of the mesenchymal cells to culture 
plastic is ineffi cient. Various approaches can be used to improve 
effi ciency of the ECMs isolation from the heterogeneous 
population of marrow cells, for example, use of the fi brin 
microgranules (FMB) that establish an adhesive matrix for the 
following cell propagation in vitro [25]. The yields of the ECMs 
produced with the FMB are an order higher than the results of 
adhesion at culture plastic. The FMB-isolated ECM differentiate 
into the mesodermal derivatives, including osteocytes [25].

All abovementioned became our reason to examine the PEI 
fi lms as a potential adhesive coating for hMSCs. We supposed 
that enhance of the adhesive properties of hMSCs will promote 
forming of a dense and uniform monolayer in vitro that, in 
turn, will improve the effectiveness of cultivation and, hence, 
will promote growth of the cell biomass. The hMSCs are a 
perspective material for the recovery of damaged organs and 
tissues, so issues of improvement of culturing effi ciency are of 
great importance for regenerative medicine and biotechnology. 

The aim of the investigation was evaluation of the PEI 
adhesive properties and cytotoxicity towards the primary 
cultures of the hMSCs with the known parameters of growth, 
propagation and differentiation in the directions of adipo-, 
chondro- and osteogenesis [26]. The hMSCs were cultured in 
the standard media at plastic and at PEI ultrathin fi lms. The 
adhesive fi lms were prepared by the method of electrostatic 
adsorption of the PEI solution (1 mg/ml) on the culture plastic, 
including solutions supplemented with 5% and 10% human 
platelet lysate (PL) that provides a possibility to investigate the 
hMSCs growth opportunities in serum-free media or under the 
deprivation conditions at a low content of fetal serum in the 
culture medium. 

Materials and methods

Objects of study

A primary culture of human Mesenchymal Stromal 
Cells (hMSCs) was kindly provided by the International 
Biotechnological Company Kintaro Cells power (Moscow 
Branch, Moscow). The cells were isolated from a female 
volunteer donor who consented to the appropriate medical 
procedures. The cells were characterized as positive for CD29, 

CD44, CD73, CD90, CD105 and negative for CD34, CD45 and 
HLA-DRP markers (Cell Technology Laboratory, Federal 
Scientifi c and Clinical Center, Federal Medical and Biological 
Agency (FMBA), 115682, Moscow, 28 Orekhovy Boulevard, 
RF). All the experiments with the cell cultures were performed 
in accordance with the Guidelines approved by the IEC of 
the Institute of Cell Biophysics, RAS (Approval no. 57 dated 
December 30, 2011).

Culture of h-MSCs 

The h-MSCs were cultured in a high glucose medium 
DMEM/F12 (Gibco, USA) supplemented with 10% fetal 
bovine serum (FBS, Gibco, USA), 1 mM glutamine, 100 U/ml 
penicillin and streptomycin. The cultures were maintained in 
the atmosphere of 5% CO2 at 37°С and high humidity in a CO2 
incubator (Sanyo, Japan). The cells were seeded into 24-, 48-, 
and 96-well plates (Nunc, USA) with fi lms from PEI (1 mg/ml) 
preliminarily deposited on the surface of wells. Cells growing 
on the polyelectrolyte coating-free culture plastic were 
used as the control. Both the test and control samples were 
cultured for 24–96 hours, depending on the conditions of an 
experiment. During this time, the changes in the morphology 
of the colonies and the MSCs monolayer was monitored with an 
inverted microscope (Axiovert 25, Zeiss, Germany) at a 10x and 
20x objective magnifi cation.

The h-MSCs were passaged, when they reached 80%–90% 
of monolayer. Before passaging, the DMEM/F12 was removed, 
and the monolayer was washed twice in a phosphate buffer 
solution (PBS), then the cells were removed from the surface 
of the culture plate or polyelectrolyte fi lm with a solution of 
0.25% trypsin-EDTA (NPP PanEco LLC, Russia). For a more 
complete detachment of the cell mass from the surface, the 
culture plates were placed into the CO2 incubator for 5-10 min. 
Trypsin was inactivated by adding of a the DMEM/F12 with 10% 
FBS, the cells were pipetted several times in the medium with 
FBS and their numbers were counted in the Goryaev chamber.

Manufacturing of the PEI nanofi lms

The fi lms were made from polyethyleneimine (PEI, 50 wt.% 
soln. in water, MN: 60 kDa, MW: 750 kDa, MP Biomedicals 
Inc., USA). The PBS solution of PEI in the concentration 1 
mg/ml was applied with a thin layer (3 mm) on the surface 
of culture plates, kept at room temperature for 30 min., then 
the excess polyelectrolyte was removed from the plate surface, 
the plates were dried a little, and the formed PEI fi lms were 
gently washed in PBS. The fi lms were made under sterile 
conditions in the laminar box. To avoid contamination, culture 
plates with nanofi lms deposited on the surface of the wells 
were additionally sterilized for 3 hours under a UV lamp before 
culturing. 

In vitro h-MSCs analysis

 The morphology of cells, colonies and a monolayer was 
evaluated with an inverted microscope (Axiovert 25, Zeiss, 
Germany) throughout the culture period. Test samples (culture 
on polyelectrolyte nanofi lms) and control samples (culture 
on plastic) were recorded by photographing and compared 
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with each other in relation to their morphology, cell adhesion 
and growth rate, mitochondrial dehydrogenase activity (MTT 
assay) and the number of nonviable cells with damaged plasma 
membranes. Each test involving the nanofi lms was performed 
in 5-6 parallels.

Viability test

 To assess viability of h-MSCs, we used a vital die 1% trypan 
blue (Fluka, Switzerland) revealing the cells with damaged 
cell membranes, and the MTT assay evaluating activity of 
mitochondrial dehydrogenases. The ratio of viable cells to 
nonviable, that is, passing the vital dye through the plasma 
membranes, was determined with the Goryaev chamber. For 
this purpose, 20 μl of the cell suspension was mixed with 20 μl 
of a 1% trypan blue solution and placed into the chamber, where 
the stained and unstained cells were counted according to the 
standard method. The cell multiplication rate and population 
doubling time under different conditions of h-MSCs culture 
(on polyelectrolyte fi lms and without them) were calculated in 
the logarithmic growth phase according to the formula: V = 
3.32 x lg [X/Xo], where Xo is the initial cell concentration, X is 
the fi nal cell concentration in the culture medium. In order to 
determine the population doubling time, the following formula 
was used: [T = (ln2 x dt) / ln (X/Xo)] that considers the duration 
of h-MSCs culture. 

MTT assay

The assay is based on the ability of mitochondrial 
dehydrogenases of viable cells to reduce a yellow water-soluble 
salt of 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazole 
bromide (MTT) into insoluble intracellular MTT-formazan 
crystals. The test was performed in 96-well culture plates with 
PEI nanofi lms preliminary applied at the well surface. Equal 
amounts of h-MSCs calculated as 2.5–3.3 х 104 per 100 μl of 
DMEM/F12 culture medium with 5 and 10% FBS or without 
FBS were seeded into plates. At the end of the culturing, 20 
μl of MTT solution (Thiazolyl blue, MTT, Sigma, USA) was 
added to each well. The MTT solution at a concentration of 5 
mg/ml MTT salt (pH 7.4) was prepared immediately before 
use. The cells were incubated with MTT for 4 hours at 37°C 
in the CO2 incubator, the supernatant was removed, and the 
precipitate (reduced dark blue formazan crystals generated 
by mitochondrial dehydrogenases) was dissolved in 150 μl of 
dimethyl sulfoxide (DMSO, Sigma). The quantity of reduced 
product was measured spectrophotometrically with a plate 
reader (Model 680 MicroplaReader S/N 20324) at a wavelength 
of 546 nm. The results were compared with the optical density 
of the control cells (cultured on the nanofi lm-free plastic). The 
calculations were performed using the nonparametric Mann-
Whitney u-test. Differences in optical density of more than 
20% were considered as signifi cant. 

Determination of differential cell adhesion to the PEI 
surface

The analysis was performed with a 48-hour h-MSCs 
culture (3-4 passages after isolation from marrow). The cells 
were washed twice with PBS solution, trypsinized, counted and 

distributed in equal volumes into 4-well embryological plates 
(Nunc, Denmark). Three wells of each plate were pretreated 
with the PEI solution and served as tests, while the fourth, 
PEI-free, served as a control. The h-MSCs were plated at a 
concentration of 5–7 x 104 cells/ml of DMEM/F12 with 10% 
FBS, then the plates were placed in the CO2 incubator. After 
1 or 3 hours of incubation, the cells were thoroughly washed 
in PBS (2 times) and in trypsin-EDTA solution (2–3 min at 
ambient temperature), then DMEM with 10% FBS was added 
to inactivate the enzyme. The cells remaining attached to the 
surface were counted in 20 fi elds of view of each well at a 
20x objective magnifi cation (Olympus IX70, Japan). To detect 
differences in the adhesive properties of the polymers, the 
numbers of attached cells in three parallel test were averaged. 
To make the results more obvious and signifi cant, the h-MSCs 
were fi xed with methyl alcohol (20 min at room temperature 
20°C) and stained by Giemsa. The numbers of attached cells 
were calculated with a cytophotometry image analysis software 
program (PhotoM). 

Statistical processing of the results

The results were processed by simple averaging and 
standard deviation computing with computer programs 
Sigma Plot and Microsoft Offi ce Excel. To assess the statistical 
signifi cance of the differences between the comparison groups, 
we used the nonparametric Mann-Whitney test that considers 
p <0.05 as a signifi cant difference between the two comparison 
groups.

Results

Culturing of the hMSCs for 24–48 h in the standard 
medium DMEM/F12 with 10% FBS either at plastic or at PEI 
fi lms showed little changes in cell and monolayer morphology 
(Figure 1). However, at the PEI surface, the h-MSCs distributed 
more regularly and formed denser monolayers than at the 
culture plastic (Figure 1d). The PEI fi lms enhanced the adhesive 
properties of the hMSCs (Figure 2). After an hour exposition 
at 37оС and 5% СО2 in the air atmosphere, the most part of 
cultured cells (over 80%) attached to the fi lm surface and 
spread, forming the processes. Adhesion of the h-MSCs to the 

Figure 1: Morphology of the hMSCs monolayer after 24 and 48 h culturing in DMEM/
F12 with 10% fetal bovine serum (FBS) at culture plastic and at polyelectrolyte PEI 
fi lm. The cells were taken at the third passage after isolation from human marrow.
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culture plastic was in this period much weaker and did not 
exceed 50% (Figure 2). In this case, the main mass of cells 
attached to the surface within three hours of exposition in СО2-
incubator at physiological conditions. 

High rates of hMSCs adhesion and spreading at PEI 
fi lms was followed by the regular distribution of cells along 
its total surface. These phenomena could be considered as 
characteristics of electrostatic interaction between negatively 
charged plasma membranes of live cells and positive charge of 
the PEI fi lm surface. 

Examination of growth characteristics of hMSCs shows that 
rates of cell propagation and monolayer growth at PEI fi lms are 
the same as that at culture plastic (Table 1). It is expected that 
contact of hMSCs with PEI does not affect the cell proliferation. 
However, when the cells h-MSCs are cultured at PEI, such key 
parameter as doubling time their population is signifi cantly 
lower than in the control: 22.7±4.76 h and 29.1±4.23 h, 
respectively. At that, cell death by the necrosis mechanism 
at the PEI fi lms is twice higher (Table 1). These results may 
be the indicator of the polyelectrolyte used for hMSCs with a 
concentration 1 mg/ml. 

The polymer PEI binds to DNA, RNA and proteins under the 
physiological conditions [1], so we investigated a possibility of 
the h-MSCs culturing at the fi lms with the immobilized human 
PL factors (Table 2). These experiments used the hMSCs of the 
9–10 passages after isolation from marrow and showed that 
the growth parameters can be affected by the h-MSCs age. 
In the cells of the later passages, rate of monolayer growth 
decreased, while population doubling time increased from 
29.1±4.23 h (Table 1) to 33.7±4.1 h (Table 2). 

At culturing at composite fi lms PEI-PL, the maximal 
amount of the hMSCs in FBS-free DMEM/F12 was found, when 
the concentration of human PL was 5% (Table 2). The fi lms 
PEI-5% PL kept relatively high rate of the hMSCs growth as 
a monolayer even in the serum-free medium. The similar 

effi ciency of the hMSCs culturing was observed at use of the 
PEI fi lms with 10% human PL. 

Evaluation of the hMSCs with the МТТ assay showed that 
culturing at the PEI fi lms with 5% human PL keeps high activity 
of mitochondrial dehydrogenases under the deprivation and at 
total absence of FBS in the culture medium (Figure 3). At that, 
the metabolic activity of the cells was even higher than in the 
control, when the cells were cultured at the plastic with 10% 
FBS (Figure 3).

Discussion

The described above results were obtained with the hMSCs 
of the 3–10 passages after their isolation from a heterogeneous 
population of marrow cells. Lifetime of such primary hMSCs 
cultures in vitro is limited. We found that at later passages their 
growth inhibits, while population doubling time increases. 
These observations can be confi rmed by our experiments using 
PEI fi lms as an adhesive coating for h-MSCs (Tables 1,2). The 
PEI was chosen to enhance the hMSCs adhesion because there 
are the electrostatic contacts between positively charged amine 
groups at the surface of a PEI fi lm and negatively charges 
phospholipids of cell membranes. In this case, the electrostatic 
interactions promote the hMSCs attachment to the surface 
of positively charged PEI fi lm, enhancing processes of cells 

Figure 2: Effectiveness of the hMSCs adhesion (% of adhesive cells) at culture 
plastic and PEI fi lm (1 mg/ml). This is the MSCs culture at the 3-4 passages after 
isolation from marrow. The cells were incubated for one or three hours in СО2-
incubator in DMEM/F12 with 10% FBS. The experiments were performed in three 
parallels. * - signifi cant differences at hMSCs incubation at plastic (Р ≤ 0.01); ** - 
lack of differences at the cells incubation at the PEI fi lms (Р ≥ 0.05).

Table 1: Growth characteristics of hMSCs after 72 h incubation at culture plastic and 
polyelectrolyte PEI fi lms.

Culturing 
conditions

Growth rates 
for colonies and 

monolayer 

Population 
doubling time, h 

Proportion of cells 
with damaged plasma 

membranes, %
Control 
(plastic)

2.18±0.17* 29.1±4.23 6.2

PEI fi lm 2.13±0.15* 22.7±4.76** 13.4

Note: We used hMSCs at 3–5 passages after isolation from marrow. The cells were 
cultured in DМЕМ/F12 with 10% fetal bovine serum (Sigma). By the results of the 
test with 1% vital die trypan blue, the cells with damaged plasma membranes were 
considered as inviable. Each experiment was performed in four parallels.
* - lack of signifi cant differences in the rates of a monolayer growth ( P ≥ 0.01); 
**- signifi cant reduction in hMSCs population doubling at the PEI fi lm comparatively 
with the control culture at the plastic (P ≤ 0.01). 

Table 2: Effectiveness of the h-MSCs culturing at the polyelectrolyte fi lms PEI with 
the immobilized human platelet lysate (PL) in the serum-free DМЕМ/F12.

Culturing conditions 
Cell numbers after 48 h 

culturing (х104)
Growth 

rate
Population 

doubling time, h 
Control 1

(with 10% FBS) 
8.8±0.9 1.4±0.2 33.7±4.1*

Control 2 
(without FBS)

5.6±1.2 0.4±0.1 105.8±6.9

PEI + 5% PL
(without FBS) 

12.1±0.6** 1.8±0.3 25.4±2.7*

PEI + 10% PL
(without FBS)

9.9±1.2 1.6±0.2 30.4±3.2*

Note: We used hMSCs at 9–10 passages after isolation from marrow. The initial 
concentration of the cells explanted into culture was 3.3–3.5 х 104/ml of medium. 
The cells were cultured in the serum-free DМЕМ/F12 in three parallels. The cells 
cultured at the plastic served as controls: in the medium + 10% FBS (1), in the serum-
free medium without (2) 
* - lack of signifi cant differences in the times of the hMSCs populations doubling at 
the composite fi lms PEI with 5 or 10% PL (P ≥ 0.01); ** - signifi cant increase in the 
growth rate and cells amount at the PEI fi lms with 5% PL comparatively with the 
controls 1 and 2, and with 10% PL (Р ≤ 0.05) 
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adhesion and spreading in vitro (Figure 2). Inclusion of the 
platelet lysate (PL) into the PEI solution does not exert negative 
effects on the adhesive properties of the polymer fi lms. 

The hMSCs quickly attach to the PEI surface (one hour 
incubation at СО2-incubator under the physiological conditions) 
and form a regular monolayer in 2–3 days of culturing (Figure 
1, d). Direct contacts between the h-MSCs and PEI do not exert 
negative effects on a monolayer morphology during 24–48-h 
culturing (Figure 1 b,d). Note also that we used a linear polymer 
PEI, which, in the eyes of some experts, is less toxic for the 
eukaryotic cells than a branched one [27,28]. Nevertheless, a 
contact between the hMSCs and surface of a linear polymer PEI 
doubles a number of cells with the damaged cell membranes 
in a cell population (13.4% versus 6.2% in the control). The 
polyelectrolyte can damage cell membranes and cause quick 
death of the eukaryotic cells, and can cause the delayed 
apoptosis, destroying the mitochondrial membranes after its 
internalization into cells [29,30]. The cells die, fi rst of all, due 
to effects of free PEI molecules on the lipid matrix [31-33], and 
because of inhibition of cytoplasm pH potential regulation 
[34]. Forming of total hMSCs monolayer at the PEI fi lms never 
took more than 72–96 hours, so we could not observe any long-term 
negative eff ects of the PEI use except for the increased cell death 
due to the necrosis (Table 1). Studies on neural and endothelial cells 
[10, 18, 20, 35], cells of rat pheochromocytoma PC-12 and human 
embryonic kidney HEK-293 [17] did not show cytotoxic effects 
of PEI [17,18,20]. The polymer is good for cell cultures of tissues 
with weak adhesion to cultural plastic [19 - 22]. 

The adhesion of h-MSCs to the surface of a culture plate and 
their further spreading at this surface is a key moment at the 
stage of their isolation from the heterogeneous cell population 
of a marrow [24,25]. Covering of the culture plastic with the 
PEI fi lms solves this problem. In spite of the PEI cytotoxicity, 
the polymer enhance adhesive properties of the hMSCs (Figure 
2), reduce time of population doubling (Table 1), and promote 

high activity of mitochondrial dehydrogenases (МТТ test) even 
at deprivation (5% FBS in the culture medium). Reduction in 
time of the hMSCs population doubling at the PEI fi lms results 
in the increase in total amount of cell mass in vitro and levelling 
of the inviable cells at the following passages. Inclusion of the 
growth factors of the human PL into the composition of the PEI 
fi lm makes monolayer growth of the hMSCs real even at the 
totally serum-free culture medium (Figure 3). 

The growth factors and cytokines may release from the 
composite PEI-PL fi lms into the culture medium along the 
concentration gradient, though this issue needs some more 
clarifi cation. For example, we failed to fi nd any signifi cant 
differences in the amounts of cells and their metabolic activity 
at PEI and PEI-5% PL at culturing in the serum-free DMEM/
F12 and in the same medium supplemented with 5% FВS (Table 
2, Figure 3). These parameters differed essentially only for 
the fi lms PEI-5%PL and PEI-10%PL, at that, the functional 
properties of the fi rst provided better conditions for culturing 
of h-MSCs in a serum-free medium (Table 2). The results tell 
that the polyelectrolyte fi lms PEI with the immobilized factors 
of the human PL meet the metabolic requirements of hMSCs 
in vitro. Such fi lms can take a practical part and be used for 
isolation and growth of the marrow mesenchyme cells in 
the serum-free media for the purposes of the regenerative 
medicine. 

From an economic perspective, positively charged PEI fi lms 
are more affordable and more advantageous adhesive coatings 
for the hMSCs isolation and culturing than the fi lms based on 
the expensive polypeptides of the ECM. PEI interacts actively 
with the negatively charged cell membranes [33,34,36]. Binding 
of PEI to the human platelet lysate PL increases functionality 
of the PEI-PL fi lms and provides for the regular growth and 
propagation of the hMSCs in DМЕМ/F12 with low FBS content 
(5%), the same as FBS-free. At that, the hMSCs keep their 
adhesion ability and remain viable at in vitro culturing. 

Conclusions

The primary hMSCs populations in the serum-free media 
and under the deprivation (5% FSC in a culture medium) have 
limited abilities to adhesion and spreading at the surface of 
culture plastic. These factors tell on the weak secretory activity 
of the respective components of the ECM. According to our data, 
a linear polymer PEI can substitute lack or defi cit of the ECM by 
self-assembling of a synthetic hydrogel with the immobilized 
growth factors and cytokines at the surface of culture plastic. 
The PEI fi lms promote the increase in: (1) rate of adhesion and 
(2) effectiveness of isolation of hMSCs from marrow and their 
culturing that leads inevitably to the increase in cell mass in 
vitro. A current hMSCs-based therapeutic approaches involves 
the transplantation of great amounts of functionally active 
cells into affected areas. Growth of the cell mass in course of 
the hMSCs culturing in the serum-free media is a key issue of 
the regenerative medicine. In this context the PEI fi lms with 
the immobilized growth factors, for example, with the human 
PL factors, can serve as an effective base for isolation and 
culturing of the hMSCs from the human marrow. 

Figure 3: Viability and metabolic activity of the hMSCs (by МТТ-assay) at 48-h 
culturing at the plastic and PEI fi lms with or without 5% platelet lysate (PL) under the 
deprivation (5% FBS) and at complete FBS absence in culture medium. * - differences 
are not signifi cant (Р ≥ 0.01); ** - lack of differences between the h-MSCs culturing 
in the serum-free medium DМЕМ/F12 and in the medium supplemented with 5% 
FBS with the use of the PEI fi lms with the immobilized 5% human PL (Р ≥ 0.05).
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