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Abstract: 
Accumulating evidence demonstrated many physical and chemical cues from the local 
microenvironment could influence mesenchymal stem cells (MSCs) maintenance and 
differentiation. In this study, we systematically investigated the interaction of rat bone 
marrow-derived mesenchymal stem cells (rBMSCs) and polymeric substrates. Adhesion, 
proliferative capacity, cytoskeleton alteration, cytotoxicity, apoptosis, senescence, and 
adipogenesis potential of rBMSCs were determined on these polymeric inserts prepared 
from polyetherurethane (PEU) and poly(ether imide) (PEI). Inserts for culture plates were 
applied to ensure that the rBMSCs were solely in contact to the tested material. The 
explored inserts exhibited advancing contact angles of 84° (PEU) and 93° (PEI). Finally, 
the micromechanical properties determined by atomic force microscopy (AFM) indentation 
varied in the range from 6 GPa (PEU) to 13 GPa (PEI). We found that both PEU and PEI 
showed a good cell compatibility to rBMSCs. rBMSCs could adherent on both polymeric 
surfaces with the similar adhesion ratio and subsequent division rate. However, cells 
cultured on PEU exhibited higher apoptosis level and senescence ratio, which resulted in 
lower cell density (22061±3000/cm2) compared to that on PEI (68395±8000/cm2) after 20 
days cultivation. Morphological differences of rBMSCs were detected after 5 days 
cultivation. Cells on PEU exhibited flat and enlarged shape with rearranged filamentous 
actin (F-actin) cytoskeleton, while cells on PEI and tissue culture plate (TCP) had similar 
spindle-shape morphology and oriented F-actin. After 20 days, lipid droplets were 
spontaneously formed in rBMSCs on PEU and PEI but not on TCP. Both PEU and PEI 
might trigger rBMSCs towards spontaneous adipogenic commitment, whereas PEI 
provided better cell compatibility on rBMSCs apoptosis, senescence and proliferation. 
 
Keywords: Mesenchymal stem cells, polymeric surface, cell-material interaction, cellular 
senescence, spontaneous differentiation
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1 Introduction 

Cell transplantation utilizing various cell types has emerged as a promising therapeutic 

approach for restoration of organ functions. Among these investigated cells, mesenchymal 

stem cells (MSCs) attracted a lot of attention [26, 34, 36, 45], since they are self-renewing 

clonal precursors of non-hematopoietic stromal tissues and could differentiate into specific 

lineages including osteoblasts, chondrocytes and adipocytes under appropriate environment or 

inductions [28, 35, 38, 44]. However, the unexpected low cellular engraftment after 

transplantation greatly limited their clinical translation. Similar as other somatic cells, MSCs 

also undergo the typical “Hayflick limit” and show the cellular senescence phenotypes [42]. It 

has been speculated that the replicative senescence could be triggered by accumulation of 

cellular defects, changes of telomeres or telomerase and the external culture environments 

such as oxidative stress [23, 43]. In addition, the specific surface features may also influence 

the self-renewal and senescence of stem cells. The senescence could lead to alternation in 

gene expression of molecular signature and decline of cell functions [6, 30]. Thus, it is 

necessary to combine MSCs with biomaterials to establish an optimized condition for MSCs 

maintenance and differentiation and therefore improve the efficacy of cell therapy. 

In recent years, several studies have reported the influence of physicochemical properties of 

cell culture surfaces on the ex vivo maintenance and differentiation of MSCs [11, 13, 15, 16], 

but in most of these investigations, the tested materials were placed in commercially available 

tissue culture plate (TCP), which might involve the influence of the fixation materials or TCP 

itself. Here, a recently introduced polymeric insert system for cell culture plates was applied 

to ensure that the MSCs were solely in contact to the tested material [18]. We selected 

poly(ether imide) (PEI), a biocompatible polymer, which allows to alter the surface chemistry 

[3, 18, 24, 40] and an elastic polyetherurethane (PEU), which allows to adjust the mechanical 

properties by variation of the hard to soft segment ratio and exhibited good biocompatibility 

and a shape-memory effect, which is of high interest for minimally-invasive applications [8, 

22, 25]. 

In this study, we investigated the self-renewal and spontaneous differentiation of rat bone 

marrow-derived mesenchymal stem cells (rBMSCs) on PEU and PEI surfaces in comparison 

to TCP with regard to proliferation, adhesion, cytotoxicity, apoptosis, senescence and 

morphological changes. 
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2 Materials and Methods 

The study was performed in accordance with the ethical guidelines of the journal Clinical 

Hemorheology and Microcirculation [1]. 

2.1 Processing and surface characteristics of the polymeric inserts  

PEU with Mn = 61.000 g/mol (trade name Tecoflex® MG8020, Lubrizol, USA) and PEI with 

Mn = 18.000 g/mol (trade name ULTEM® 1000, General Electric, USA) were used without 

any further purification for preparation of polymeric inserts via injection moulding. The 

injection moulding automat (Alrounder 270U, Arburg Corp., Münsingen, Switzerland) was 

equipped with a custom made mould (Dreuco Formenbau GmbH, Berlin, Germany), allowing 

the parallel fabrication of four inserts with an upper inner diameter of 12.4 mm, an lower 

inner diameter of 10.5 mm, a height of 16.8 mm, and a wall thickness of 1 mm. The structural 

formulas of both polymers are shown in Fig. 1A and the detailed processing parameters are 

summarized in Table 1. Prior to biological testing and surface characterization of the insert 

bottom, PEU inserts were sterilized by gas sterilization using ethylene oxide (gas phase: 10% 

ethylene oxide, 54 °C, 65% relative humidity, 1.7 bar, gas exposure time: 3 h, aeration phase: 

21 h) while PEI inserts were sterilized via steam sterilization at 121 °C and a pressure of 2.0 

bar for 20 minutes using a Systec Autoclav D-65 (Systec GmbH, Wettenberg, Germany). 
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Figure 1. Chemical structures of investigated polymers (A) and characterization of rBMSCs. 

(B) The flowcytometric analysis of rBMSCs. rBMSCs were stained with monoclonal 

antibodies against CD29, CD90 and CD11b (solid black line) and appropriate isotype controls 

(grey filled curve). (C) Typical spindle-shaped morphology of enriched rBMSCs on TCP was 

observed by phase-contrast microscopy. Scale bar =100 µm. 

Table 1. Processing parameters applied for PEU and PEI 

Polymers 

Processing parameter 

Temperature of melt 

– four zone heating [°C] 

Temperature 

of mold 

[°C] 

Injection 

rate 

– two-stage 

[cm³/s] 

Injection 

pressure 

– two-stage 

[bar] 

Injection 

volume 

[cm³] I II III IV 

PEU 35 150 180 190 20 25-30 1200-1800 6.5 

PEI 35 320 350 /360 350 /380 180/140 35-40 1800-2000 11 

 

The surface characteristics of the PEI and PEU inserts were assessed by determination of the 

water contact angle measurements using the captive bubble method and optical profilometry.   

Both inserts exhibited an almost similar wettability with advancing contact angles of 84° for 

PEU and 93° for PEI. While PEI showed a surface roughness (Rq) of R = 0.23 µm and for 

PEU a higher R = 0.86 µm was observed. In addition, the micromechanical characterization of 

the insert bottom was conducted at ambient temperature with an atomic force microscope 

(AFM) equipped with an indenter. Here a Young´s modulus of 6 GPa was determined by 

microindentation for PEU, while PEI exhibited a significant higher value of 13 GPa. The 

lower Young´s modulus as well as the higher surface roughness of PEU can be attributed to 

the relatively low and broad mixed glass transition of PEU in the range from 20 °C to 90 °C, 

which allow relaxation of the polymer chains at ambient temperature [8, 22]. 

2.2 Culture and characterization of rBMSCs  

rBMSCs were kindly provided by Dr. Jun Li (University of Rostock, Germany. Approval 

number: LALLF M-V/TSD/7221.3-2.3-019/07), which were isolated from rat bone marrow 

from Lewis rat as described previously [14]. Dulbecco’s modified Eagle’s medium (Life 

Technologies GmbH, Germany) supplemented with 10% fetal bovine serum (Biochrom AG, 

Berlin, Germany) and 10 U/mL penicillin plus 100 μg/mL streptomycin was used as 

expansion medium for culturing cells at 37 °C in a humidified atmosphere containing 5% CO2. 
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The cells from passage 3 were used for experiments. The morphology of cells was observed 

by inverted phase contrast microscope (Axiovert 40c, Carl Zeiss GmbH, Germany). The 

surface marker expression of rBMSCs was examined by flow cytometry 

(MACSQuant® Analyzer, Miltenyi Biotec, Germany). The following cell-surface epitopes 

were stained with following antibodies: anti-rat CD29-FITC, CD11b-FITC and CD90-PE 

(BD Biosciences, Heidelberg, Germany). Mouse and hamster isotype antibodies served as 

control. For each flow cytometric running, 1.5×104 labeled cells were acquired and the data 

were analyzed using “Flowjo” software (v7.6.1, Tree Star Inc., USA). 

2.3 Cell growth on polymeric surfaces 

rBMSCs expansion on polymeric surfaces was evaluated using Cell Counting kit-8 (CCK-8, 

Dojindo Laboratories, Kumamoto, Japan) according to the product manual. TCP was applied 

as a positive control. Briefly, cells were seeded at a density of 1.0×104/cm2 in polymeric 

inserts and 24-well culture plates (Corning Costar®, Corning Life Sciences, USA). The 

culture medium was changed regularly at a volume of 300 μL/cm2 of culture area. On days 1, 

5 and 20 post cell-seeding, the soluble monosodium salt from CCK-8 kit was added to the 

culture medium (33 μL/cm2). After 2.5 hours of incubation at 37 °C, the water soluble 

formazan dye with a yellow colour was produced. 100 µL of supernatant from each sample 

was taken into 96-well plate with a clear flat bottom and the absorbance was measured at 490 

nm (reference wavelength: 650 nm) by using Tecan Infinite® 200 PRO microplate reader 

(Tecan Deutschland GmbH, Germany). The experiment was performed at least in triplicates. 

2.3.1 Cell division  

3×105 rBMSCs were suspended in phosphate buffered saline (PBS) and labeled with 20 μM 

carboxyfluorescein diacetate succinimidyl ester (CFDA-SE) for 15 minutes at 37 °C. Then, 

the cells were washed twice with PBS and subsequently seeded into the inserts and TCP at a 

cell density of 1.0×104 cells/cm2. The non-fluorescent dye CFDA-SE is cleaved by 

intracellular to carboxyfluorescein succinimidyl ester (CFSE) esterase and irreversibly 

couples to amines to form fluorescent conjugates. The fluorescent CFSE-conjugates are 

distributed equally between daughter cells. The reduction of CFSE mean fluorescence 

intensity (MFI) due to the division of the cells was assessed by flow cytometry 

(MACSQuant® Analyzer, Miltenyi Biotec, Germany) and the data were analyzed by using 

Flowjo software (v7.6.1, Tree Star Inc., USA). 
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2.3.2 Cytotoxicity assay 

Cell viability staining was performed using fluorescein diacetate (FDA) and propidium iodide 

(PI) (Sigma Aldrich Chemie GmbH, Germany). In brief, on day 1, 5 and 20 after cell-seeding 

(1×104 cells/cm2), FDA (25 µg/mL) and PI (2 µg/mL) were directly added to the cells and 

incubated for 3 minutes at 37 °C. A confocal laser scanning microscope (LSM 510 META 

with the AxioVision image analysis software v4.2, Carl Zeiss GmbH, Germany) was utilized 

to observe the stained cells. Cells cultured in TCP were used as control. 

2.4 Cytoskeleton staining  

On day 5 after cell-seeding (1×104 cells/cm2), cells were fixed with 4% (w/v) 

paraformaldehyde and permeabilized by 0.3% (v/v) Triton® X-100 (both from Sigma Aldrich 

Chemie GmbH, Germany), followed by a staining of filamentous actin (F-actin) by 

rhodamine conjugated phalloidin (6.6 nM; Life Technologies GmbH, Germany). Each 

experiment was conducted in duplicates. 

2.5 Apoptosis assay 

ApoLive-Glo™ Multiplex Assay Kit (Promega GmbH, Germany) was used for determination 

of early apoptotic rBMSCs. Cells were cultured in inserts and TCP for growing. On day 1, 5 

and 20 post cell-seeding, cells were harvested and reseeded (100 µL per well, duplicate for 

each sample) in Nunc™ F96 MicroWell™ 96-well solid-bottom black plates (Thermo 

Electron LED GmbH, Germany) to perform apoptosis assay. Following the product manual, 

20 µL of Viability Reagent were added to each well, and briefly mixed by orbital shaking at 

500 rpm for 30 seconds. The mixture was subsequently incubated for 1 hour at 37 °C. The 

relative fluorescence units (RFU) from viable cells were measured at the following 

wavelength of 400 nm (excitation) /505 nm (emission). Then 100 µl of Caspase-Glo® 3/7 

Reagent were directly added to each well, and briefly mixed at 500 rpm for 30 seconds. After 

another 2 hours of incubation at room temperature in dark, the Caspase-3/7 activation was 

determined by measuring the relative light units (RLU) of the luminescence intensity. Both 

fluorescence and luminescence were measured by Tecan Infinite® 200 PRO microplate reader 

(Tecan Deutschland GmbH, Germany). Duplicate samples containing only culture medium 

were served as the negative control for background subtraction. 
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2.6 SA beta-gal activity assay 

Senescence Cells Histochemical Staining Kit (Sigma Aldrich Chemie GmbH, Germany) was 

used to identify senescent cells with a rapid staining procedure for detecting 

senescence-associated beta-galactosidase (SA beta-gal) activity at pH 6. In brief, on day 5 and 

20, the growth medium from inserts and TCP was aspirated and the cells were washed twice 

with PBS. rBMSCs were fixed by adding 1×Fixation Buffer (300 μL/well) and incubating for 

7 minutes at room temperature. Subsequently, these cells were rinsed 3 times with PBS and 

stained by Staining Mixture (200 μL/well) overnight at 37 °C at the absence of CO2 until the 

senescent cells became cyan. The numbers of senescent cells and the total cells were counted 

at four different fields of view under a microscope (Axiovert 40c, Carl Zeiss GmbH, 

Germany), and the senescence ratio was expressed as the percentage of the number of 

senescent cells out of the number of total cells.  

2.7 Detection of morphological change 

To further study the morphological change of the cells after a period of culture, the cells were 

seeded in polymeric inserts and TCP and the expansion media were changed regularly. After 

20 days of culture, the morphology of cells was recorded by inverted phase contrast 

microscope (Axiovert 40c, Carl Zeiss GmbH, Germany).  

2.8 Statistics 

Data were presented as mean value ± standard deviation (Mean ± SD), and were statistically 

analyzed by two-tailed independent samples t-test. A p value less than 0.05 was considered to 

be statistically significant. 

 

3 Results 

3.1 Cell characterization  

To characterize rBMSCs, their phenotype was examined via flow cytometry. rBMSCs were 

positive for CD29, CD90 and devoid of hematopoietic marker CD11b. All rBMSCs expressed 

CD29 and 99.9% expressed CD90, while only 4.13% expressed CD11b (Fig. 1B). The 

cultured rBMSCs displayed a typical spindle-shaped morphology (Fig. 1C).  
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3.2 Cell adhesion, expansion and division 

The cells could adhere to PEU, PEI and TCP surfaces, and then divide and expand. By 

dividing the number of the adherent cells with the number of seeded cells, the cell adhesion 

rate could be calculated. 24 hours after cell-seeding, the cell adhesion rate was 44±9% (PEU), 

45±2% (PEI) and 80±4% (TCP), respectively (Fig. 2A). The adherent cells proliferated on 

PEU, PEI and TCP surfaces. The MFI of CFSE of the cells on PEU, PEI and TCP exhibited a 

similar trend, indicating the similar division rate of the cells on these three different surfaces 

(Fig. 2B). However, the numbers of cells on PEU, PEI and TCP measured via CCK-8 

exhibited a remarkable difference (Fig. 2A). Cells growing on PEU showed the lowest 

proliferation rate, whose value was statistically lower than that on PEI and TCP, after both 

short-term (5 days) and long-term (20 days) cultivation. Although the cell number on PEI was 

statistically lower than that on TCP at early stage (5 days), it achieved a comparable level to 

that on TCP at day 20, indicating that PEI possesses the excellent biocompatibility for 

rBMSCs expansion. After 20 days cultivation, the cell density reached to 22061±3000/cm2 

(PEU) and 68395±8000/cm2 (PEI) respectively, resulting in the fold change of 5.0 and 15.1 

compared to the number of attached cells (Fig. 2A).  

3.3 Cell viability 

In order to determine the viability of rBMSCs growing on the polymeric surface, cells were 

stained by fluorescent dyes FDA and PI (Fig. 2C). We found that the polymeric surfaces 

exhibited low cytotoxicity and allowed high cell viability in a time-independent way. As a 

result, the low death rate of cells cultured in PEU and PEI inserts was observed from 1 to 20 

days cultivation time. The polymeric inserts did not show obvious differences to TCP with 

respect to cytotoxicity and viability. 

3.4 Morphological study 

On PEU, the spread out, flat enlarged cell shape of rBMSCs was observed, whereas on other 

surfaces the typical spindle shapes were exhibited at day 5 of cultivation (Fig. 3A). The 

F-actin cytoskeleton structures were stained as described in the Materials and Methods 

section. 
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Figure 2. Expansion and viability of rBMSCs on polymeric surfaces. (A) Expansion of 

rBMSCs cultured on PEU, PEI and TCP (Mean ± SD, n=3, * p<0.05, ** p<0.01 by 

independent samples t test). (B) rBMSCs division was analyzed by CFSE tracking. MFI 

values of CFSE at different time points of rBMSCs cultivation were calculated by Flowjo 

software. (C) Fluorescent images of rBMSCs stained by FDA (green)-PI (red). Few dead 

cells (around 0-4) were observed in one high-power field. Scale bar =100 µm. 

 

At 5 days cultivation time, cells growing on both PEI and TCP surfaces showed the similar 

stress fibers distribution, which aligned on the long-axis of cells. In contrast, on the surface of 

PEU, predominantly random stress fiber orientation was visualized, which may relate to the 

low glass transition temperature of PEU and more randomly orientated macromolecules (Fig. 

3B).  
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3.5 Level of apoptotic cells  

ApoLive-Glo™ multiplex assay kit was used for detecting caspase-3/7 activation, which is a 

key biomarker of early apoptosis. The apoptosis level was expressed as the luminescence 

intensity (RLU) of Caspase-3/7 activation normalized by the fluorescence intensity (RFU) 

from viable cells. 

 

Figure 3. Morphology of rBMSCs on PEU, PEI and TCP. (A) Phase contrast microscopic 

images and (B) fluorescent microscopic images showing F-actin cytoskeleton of rBMSCs 

cultured on PEU, PEI and TCP at 5 days cultivation time. (Upper panel: scale bar=100µm 

and lower panel: scale bar=10µm, respectively)  



 

 11

 

Figure 4. Analysis of caspase 3/7 activation-based apoptosis. Levels of apoptotic rBMSCs 

were measured at different time points on PEU, PEI inserts as well as TCP. RLU from 

apoptotic cells was normalized with RFU from viable cells. (Mean ± SD, n=2, * p<0.05, by 

independent samples t test) 

During a 20 days cultivation time period, with the increase of time, the apoptosis levels of 

rBMSCs were dramatically decreased for all tested contact surfaces. There were no significant 

differences in apoptosis level between PEU, PEI and TCP group at day 1 and day 5. At day 20 

of cultivation, the apoptosis level of rBMSCs on PEI and TCP was significantly lower 

compared to PEU (Fig. 4). 

 

3.6 Ratio of senescent cells 

To access the senescence level, we analyzed SA beta-gal expression in rBMSCs cultured on 

different polymeric surfaces. We found that the polymers induced the cell senescence in a 

time-independent manner, since no significant changes of senescence rate between day 5 and 

day 20 of cultivation were observed. The percentage of beta-gal positive rBMSCs on PEU 

surface was higher compared to those on PEI and TCP (Fig. 5A, Fig. 5B). These results 

suggest that in contrast to PEI, PEU might induce SA beta-gal up-regulation of rBMSCs and 

maintain it at the high level.  
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Figure 5. Effect of different polymeric surfaces on rBMSCs cellular senescence. SA beta-gal 

assay was performed on rBMSCs. (A) The number of cyan stained SA beta-gal-positive cells 

and total cells were counted at four different fields of view. The result was expressed as the 

percentage of the number of senescent cells out of the number of total cells (Mean ± SD, n=4, 

* p<0.05, ** p<0.01 by independent samples t test). (B) Representative photographs of SA 

beta-gal staining of cells on PEU, PEI and TCP at pH 6. Scale bar =100 µm.  

 

3.7 Spontaneous adipogenic differentiation 

Without any additional differentiation stimuli, after 20 days of cultivation, cells’ growing in 

polymeric inserts and TCP exhibited different morphologies. rBMSCs cultured in TCP 

showed a typical spindle-like shape, whereas lipid droplets were found in numerous cells in 

both polymeric inserts (Fig. 6). The morphological change indicated that the rBMSCs 

differentiated towards adipogenic lineage. 
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4 Discussion 

MSCs offer tremendous potential for regenerative medicine [41]. However, MSCs could only 

be expanded ex vivo to a certain passage. Then the cells will go through growth arrest and 

replicative aging. The long term expansion of MSCs is still an unrealized challenge. Plasma 

treated polystyrene is widely used as cell culture plate material, which is poorly resistant to 

some organic solvents and is fragile. Recent developments in the field of biomaterials can 

provide a powerful approach to maintain the MSCs phenotype, stemness and multipotency in 

the absence of complex growth factors [32]. 

 

Figure 6. Spontaneous morphological change of rBMSCs. After 20 days of cultivation, no 

spontaneous morphological change of cells occurred on TCP. However, the formation of lipid 

droplets was observed by phase-contrast microscopy for cells cultured on PEU and PEI. 

Scale bar =100 µm. 
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The appropriate chemical signals and/or physical features of the surface could influence the 

cell behaviour and may modulate cell aging [21, 37]. In our present study, we employed 

polymeric inserts prepared from PEU and PEI for the assessment of the interaction between 

rBMSCs and the polymer surfaces. 

rBMSCs could be expanded on both PEU and PEI surfaces, which exhibited a remarkably 

low cytotoxicity. Nevertheless, different responses of rBMSCs on the two types of polymeric 

surfaces were detected. A lower expansion rate and a higher apoptosis level of rBMSCs were 

found on PEU surface compared to PEI. We also observed a remarkable alteration of 

morphology, cytoskeleton reorganization and high enzymatic SA beta-gal activity of cells on 

PEU, which may be associated with senescence. Furthermore, both polymers could induce 

spontaneous adipogenesis of rBMSCs. Based on our findings, PEI might be considered as a 

better polymer for rBMSCs cultivation with lower senescence ratio and apoptosis level.  

Hayflick and Moorhead discovered that human diploid fibroblasts could only have a limited 

ability to divide and then enter a growth arrest [17]. Like other somatic cells, MSCs also 

undergo the replicative senescence, which may be characterized by morphological change 

with spread out, flat enlarged cell shape and up-regulation of SA beta-gal [2, 4, 10, 20, 42, 46]. 

There are many possible reasons for cell senescence including chemical signals and physical 

features. It was reported that hydrophilic polymeric surface could accelerate the fibroblast cell 

aging [27]. However, in our study there was no statistical difference on hydrophilicity 

between PEI and PEU surface. We speculate that MSCs senescence, as a reflection of the 

local environment or culture stress, may be associated to the cultivation microenvironment 

including the chemical structure of the polymer. Different chemical composition may induce 

different absorption of proteins, particular elements of ECM, which may either trigger or 

delay the aging process. To identify the possible reasons is a very interesting topic but beyond 

the scope of this study.  

Both polymeric surfaces had similar cell initial adhesion and division rate. However, the cell 

density on PEU was much lower than that on PEI surfaces after 20 days cultivation. This 

discrepancy may be attributed to the higher apoptosis and senescence on PEU. This finding 

was in agreement with previous studies, in which the proliferation rate of MSCs has a 

negative correlation with cell senescence and apoptosis [2, 7, 29, 39]. Therefore, we believe it 

will be of great importance to monitor the apoptosis level and senescence ratio as crucial 

parameters to study cell-material interaction. 
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Accumulating evidence indicates that MSCs are highly sensitive to their local environments 

and their linage commitment could be regulated by many cues provided by chemistry [31], 

stiffness [19], and topography [9]. Interestingly, we found the formation of numerous nascent 

lipid droplets in rBMSCs on PEI and PEU surface, which indicates the early adipogenic 

differentiation without any additional induction. Previous studies have suggested that 

adipogenesis could be triggered by high cell density and cytoskeleton reorganization [4, 5, 20, 

31, 46]. In the present study, the high cell density was excluded as the possible reason for 

adipogenesis since on both PEU and PEI surfaces the cell densities were sparse and lower 

than that on TCP when the differentiation occurred. The morphological change might be one 

of the factors for driving the spontaneous differentiation. It was suggested that cell shape 

might regulate the dedicated adipogenic/osteogenic MSCs fate decisions [5, 31]. The different 

cytoskeleton rearrangement might influence the cell spreading and cellular conformation, the 

signal of which could be further transferred into the nucleus and alter the gene transcription of 

cells, which might result in the outcome of spontaneous adipogenesis [12]. Furthermore, we 

also found that there were high levels of both senescent and adipogenic differentiated cells on 

PEU and PEI surfaces. The soluble factors, which have been secreted from the senescent cells, 

may also alter the local environment and elicit the spontaneous adipogenic commitment [33]. 

In addition, the different chemical composition of cell culture surfaces may play a role for the 

adipogenic differentiation, which needs to be further clarified and protein adsorption on the 

polymeric surfaces should be investigated as well. 

 

5 Conclusions 

In this study, we compared the influences of PEU and PEI on rBMSCs with respect to cell 

adhesion, proliferation, cytoskeleton reorganization, cytotoxicity, apoptosis, senescence and 

differentiation potential. Our results demonstrated that both tested polymeric surfaces were 

compatible for rBMSCs cultivation. PEI was the better suitable surface for rBMSCs 

expansion with a low senescence ratio and apoptosis level. Both PEU and PEI surfaces 

promoted a spontaneous adipogenic commitment, which may be attributed to morphological 

change of cells and chemical composition of the polymeric surfaces. The underline 

mechanism of spontaneous differentiation without any induction should be further clarified. 

Moreover, it is of great importance to employ the chemical and physical characters of 

biomaterials to influence the stem cell fate decision in cell therapy.  
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