
Immobilization of poly (ethylene imine) on poly (L-lactide)
promotes MG63 cell proliferation and function

Zhen-Mei Liu Æ Soo-Yeon Lee Æ Sukhéna Sarun Æ
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Abstract Poly (ethylene imine) (PEI) is a polycation

widely used for DNA transfection to cells but also applied

as primary polycation for layer-by-layer (LBL) assembly

of polyelectrolytes. The aim of the present study was to

investigate the effect of modification with PEI on the

biocompatibility of poly (L-lactide) (PLLA) films. PEI with

different molecular weight was immobilized on PLLA by

either adsorption or covalent binding. Cell morphologies,

immuno-fluorescence staining, cell proliferation by lactate

dehydrogenase assay and cell differentiation by alkaline

phosphatase assay were utilized to assess the biocompati-

bility of the modified PLLA using osteoblast cell line

MG63. Results revealed that PEI modification remarkably

improved cell adhesion, viability, proliferation and func-

tion compared with plain PLLA. Hence, PEI-modified

PLLA is acceptable as transfection vehicle for engineering

of bone and other tissues, or as primary layer to allow LBL

assembly to generate biomimetic surface coatings.

1 Introduction

Biodegradable materials have absorbed great interest in

tissue engineering applications because of the fact that

formation of new tissues must be accompanied by con-

comitant resorption of the scaffold [1, 2]. However, the low

wettability of most synthetic biodegradable polyesters (e.g.,

polylactide) has been recognized to cause certain problems

with regard to the biocompatibility when these polymers

were used as scaffolds, in spite of their advantages such as a

controlled rate of biodegradation, easy and scalable material

manufacturing [3]. It has been shown in a number of studies

that hydrophobic biomaterial surfaces hamper attachment of

cells and/or impair their subsequent growth and function [4,

5]. The underlying reasons for this phenomenon are the

altered adsorption and conformation of adhesive proteins

like fibronectin, which may lead to impaired interaction

with cellular adhesion receptors namely integrins [6, 7].

Surface modification is a feasible approach to make

hydrophobic biomaterials more wettable or to introduce

biospecific cues promoting adhesion of cells [8]. To pre-

serve the bulk properties of the biomaterial, which are

required for specific applications, various surface modifi-

cation methods have been developed, including the surface

chemical reaction [9], surface coating or entrapment [10],

plasma treatment/glow or corona-discharge [11], surface

grafting [12], chemical vapour deposition [13], ion beam

irradiation [14], nanopattern fabrication [15] and so on.

Poly(L-lactide) (PLLA) is a relatively hydrophobic

polymer, whose biocompatibility depends on the molecular

weight besides its crystallinity [16]. To improve the bio-

compatibility of PLLA, plasma treatment was employed

for subsequent immobilization of RGDs, which greatly

promoted attachment and mineralization of osteosarcoma

on modified PLLA scaffold [17]. By incorporation of nat-

ural macromolecules (e.g., fibrin) into PLLA porous scaf-

fold by pore-filling method, both the biocompatibility and

mechanical performances of the scaffold were enhanced

[18]. However, most of the techniques described above
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required additional procedures during or after the forma-

tion of scaffolds, such as blending of PLLA with functional

molecules, physical, plasma, chemical or photochemical

treatment of scaffolds, et al.

Layer-by-layer assembly of polyelectrolytes (LBL) is a

novel technique firstly developed by Decher & Hong for

preparing structure-controlled multilayers on solids or

semisolids for a variety of applications [19]. The ease of

preparation, stability of multilayers formed, nanoscale

controllability of film thickness, applicability to various

charged species make it an attractive technique for the

production of biomimetic structures that can find applica-

tions in biosensors, perm-selective membranes, controlled

drug delivery devices, and biomaterials [20, 21]. Numerous

polyelectrolytes have been used for LBL technique, among

them the polycation poly (ethylene imine) (PEI) has

absorbed great interest. One of the prominent features of

PEI is the high cationic charge density. This makes PEI a

commonly used polyelectrolyte in LBL technique [22, 23].

Another frequent application of PEI is acting as transfec-

tion agent because it readily forms complexes with nega-

tively charged DNA [24]. However, PEI has certain

cytotoxicity depending on its molecular weight [25, 26]. In

the present study, both high and low molecular weight PEI

were immobilized onto PLLA to generate a degradable

scaffold surface, which is intended to be further utilized for

LBL assembly or as transfection vehicle for cells in tissue

engineering applications. The biocompatibility of PEI-

modified surface was evaluated by the osteoblast cell line

MG63 through cell adhesion, spreading, proliferation and

differentiation.

2 Materials and methods

2.1 Materials

PLLA (Mw *148.8 kDa, from Boehringer Ingelheim

Pharma GmbH&Co.KG, Ingelheim, Germany) were pre-

pared as film by the solvent-cast method. The obtained

PLLA films were cut into discs with a diameter of 14 mm

and subsequently cleaned with ethanol and water, dried in

air and kept in a desiccator until use.

Surface modification of PLLA films with PEI (Mw of

750 or 25 kDa, Sigma-Aldrich, Steinheim, Germany) was

conducted by adsorption or chemical methods. For sam-

ples prepared by the adsorption method, PLLA discs were

incubated in 10 mg/ml PEI solution (pH 7.4 adjusted by

diluted NaOH and HCl solution) at room temperature

(RT) for 5 h under constant shaking. Then, the discs were

washed with distilled water and dried. The samples are

assigned as AH (from PEI Mw 750 kDa) or AL (from

PEI Mw 25 kDa), where A stands for adsorption, H and L

for high and low molecular weight PEI, respectively.

For samples prepared by the chemical method, PLLA

discs were firstly wetted with a 50% ethanol/water solution

(1:1, vol:vol) for 30 min. Then, the discs were incubated in

an aqueous solution containing 3 mg/ml N-(3-dimethyl-

aminopropyl)-N0-ethylcarbodiimide hydrochloride (EDC)

and 5 mg/ml N-hydroxysuccinimide (NHS) (Merck Schuc-

hardt OHG, Darmstadt, Germany). After 30 min, discs

were rinsed three times with water and transferred to

10 mg/ml PEI solution (pH 7.4). After 5 h incubation in

PEI solution at RT, discs were washed extensively with

water and dried. The obtained samples are denoted as CH

(from PEI Mw 750 kDa) or CL (from PEI Mw 25 kDa),

where C stands for covalent binding of PEI.

2.2 Surface characterization of substrates

The amino group density on PEI-modified PLLA films was

quantified by acid orange assay as described previously

[27]. Acid Orange II sodium salt was purchased from

Sigma, Germany. Water contact angle measurements were

performed with a contact angle device OCR 15 plus (Da-

taphysics, Germany) using the sessile-drop method. X-ray

photoelectron spectroscopy (XPS) spectra for PLLA sam-

ples were recorded with PHI Quantum 2000 Scanning

ESCA Microprobe (Physical Electronics, Inc., Chanhassen,

USA) employing Al Ka excitation radiation (1486.6 eV).

Zeta potentials of the different PLLA films were measured

with a SurPASS electrokinetic analyzer (Anton Paar

GmbH, Graz, Austria).

2.3 MG63 cells culture

The human osteosarcoma cell line MG63 was used to

characterize the biocompatibility of materials. Cells

were cultured in 75 cm2 culture flasks at 37�C in a

humidified atmosphere with 5% CO2. The medium used

for MG63 subculture and proliferation investigations

was Dulbeccos modified Eagle medium (DMEM,

Sigma), which was supplemented with 10% fetal calf

serum (FCS), 1% Pen/Strep/Fungizone (PromoCell,

Heidelberg, Germany), and 1% Sodium Pyruvate (Bio-

chrom AG, Berlin, Germany). After confluence, cells

were harvested with trypsin-EDTA solution (PromoCell,

Heidelberg, Germany). Cells were resuspended in fresh

DMEM with 10% FCS after centrifugation and counted

with a hematocytometer.

Prior to cell-seeding, all films were rinsed twice with

sterilized phosphate-buffered saline (PBS; 2.7 mM KCl,

137 mM NaCl, 1.4 mM KH2PO4, 4.3 mM Na2HPO4, pH

7.4). Then the samples were immersed in sterilized PBS for

1 h. The PBS solution was aspirated and the films were
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incubated in the culture medium for 15 min at 37�C.

Finally, the medium was removed and replaced by cell

suspension at a seeding density of 104 cells/sample. The

medium was changed every 2nd day.

2.4 Vinculin and actin staining

Fibronectin (FN) coating of surfaces was taken to model

the secretion and adsorption of cellular FN on the substrata

after longer culture of cells. First, samples were incubated

in 5 lg/ml FN (Roche Diagnostica, Penzberg, Germany) in

PBS pH 7.4 for 30 min. After rinsing three times with PBS,

1 ml of cells suspended in DMEM without serum was

plated on the samples. The formation of focal adhesions

and actin cytoskeleton was visualized by immunofluores-

cence staining after 24 h incubation. Briefly, adherent cells

were fixed with paraformaldehyde solution (Roti-Histofix,

Roth, Karlsruhe, Germany) for 15 min. After washing with

PBS, cells were permeabilized with 0.5% Triton X-100 in

PBS for 10 min. Samples were incubated with 1% BSA in

PBS for 30 min for blocking non-specific binding sites.

Actin (F-Actin) was stained with BODYPY-phalloidin

(Molecular Probes, New Jersey, USA) for 30 min at RT.

Focal adhesion plaques were stained with a primary mouse

antibody against vinculin (Sigma-Aldrich, Steinheim,

Germany) for 30 min, followed by 30 min incubation with

Cy2 conjugated goat anti-mouse IgG (Dianova, Hamburg,

Germany) as the secondary antibody. BODIPY-phalloidin

and antibodies were dissolved in 1% BSA in PBS at

working dilutions according to the suggestion of the pro-

ducer. After washing of cells with PBS and distilled water,

samples were mounted with Mowiol and viewed with

confocal laser scanning microscopy (CLSM, LEICA DM

IREZ TCS SP2 AOBS spectral confocal microscope,

Germany).

2.5 Cell proliferation

A modified lactate dehydrogenase (LDH) assay was per-

formed using the WST-8 kit (BioCat, Heidelberg, Ger-

many) for cell proliferation test [28]. After 1, 3 and 6 days

of culture, the medium in the wells was removed and

samples were washed twice with PBS. Attached cells were

lysed for 30 min at 37�C with 100 ll 0.5% Triton X-100/

sample to release LDH from the cytosol of all viable cells.

Then the plate was centrifuged at 1300 rpm for 10 min to

separate the cell debris. 10 ll of the cell lysis solution was

transferred into 96 well plates. The blank reference was

taken from 0.5% Triton X-100 solution. 100 ll LDH

reaction reagents were added to the lysates and incubated

for 30 min at RT. The OD value at 450 nm was recorded

and taken as a measure for the quantity of cells.

2.6 Alkaline phosphatase (ALP) activity

After 1, 3, 6, 9 and 14 days of culture, ALP activity was

determined in cell lysates obtained as described above.

ALP activity was measured colorimetrically using p-ni-

trophenylphosphate (pNPP) (Roth, Karlsruhe, Germany) as

a substrate. Briefly, 50 ll cell lysate was incubated in a

96-well plate with 100 ll of 0.2 mg/ml pNPP solution

(pH 10.2) for 1.5 h at 37�C. The absorbance of released

p-nitrophenol was measured by a plate reader (BMG

LABTECH, Fluostar OPTIMA, Offenburg, Germany) at

405 nm.

2.7 Histochemical analysis of glycosaminoglycan

(GAG) synthesis

Alcian blue staining was carried out to visualize the syn-

thesis of GAG as matrix components. After 3 weeks of

culture, cells on each specimen were fixed for 15 min in

4% paraformaldehyde. Alcian blue (Roth, Karlsruhe, Ger-

many) was dissolved in 3% acetic acid (pH 2.5) to obtain a

final concentration of 0.5% and filtrated to remove un-

dissolved crystals. 500 ll of alcian blue solution was added

to the sample well and incubated for 1 h at RT. Excess of

alcian blue was removed and samples were washed with

distilled water four times before micrographs were taken.

Samples cultured with inductors (DMEM containing 10%

FBS, 0.2 mM L-ascorbic acid 2-phosphate, 10 mM ß-

glycerophosphate and 0.1 lM dexamethasone (Sigma-

Aldrich, Steinheim, Germany) from Day 6 were used for

comparison.

2.8 Statistics

Three parallel experiments were performed for the mea-

surements of LDH and ALP assay at different culture time,

and the experiments were repeated three times to get

similar results. Data presented are expressed as (the aver-

age ± standard derivation). Significance testing was per-

formed with ANOVA (Tukey’s test) for paired samples.

Differences were considered as statistically significant at

P B 0.05.

3 Results

3.1 Surface characterization of substrata

XPS is an effective method to characterize the chemical

composition of surfaces. For nascent PLLA (Fig. 1), two

peaks appeared in the XPS survey spectrum, which can be

assigned to the elements C and O. After PEI modification, a
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new peak ascribed to N element became visible at the

binding energy of *400 eV. This was most pronounced

for the sample CH. From the peaks of XPS spectra one can

calculate the ratio of elements on the sample surface, as

listed in Table 1. For blank PLLA, the contents of C and O

were 61.6 and 38.4%, respectively. After PEI modification,

the ratio of C:O increased since more carbon from PEI

molecules was introduced onto the surface. Table 1 indi-

cated that the amount of nitrogen increased obviously for

samples modified with high molecular weight (HMW) PEI,

especially for CH of which 3.7% nitrogen was detectable.

Acid orange was used to quantify surface amino group

density. Data listed in Table 1 revealed that surface amino

group density increased as the surface modification meth-

ods shifted from physical to chemical one and from low

molecular weight (LMW) to HMW PEI. These results were

consistent with XPS data as well. Static water contact angle

(CA) measurements on different samples revealed that

nascent PLLA was relatively hydrophobic with a CA of

72.4�. Surface modification led to decreased surface CAs.

For sample AL the CA was about 60�. When HMW PEI

was used for surface modification either by adsorption or

covalent binding, a further decrease of CA was observed.

The results of zeta-potential measurements are depicted

in Fig. 2. The extrapolated isoelectric points (IP) are also

listed in Table 1 as well as the surface zeta-potential at pH

7.4. The IP for plain PLLA was as low as 3.89, which could

be ascribed to the acidic end groups of PLLA molecules.

After modification, the IP increased slightly due to the

immobilization of positively charged PEI onto the surface.

For samples AL, CL and AH, the surface modification

method or molecular weight of PEI had negligible effects

on the resulting IP value. However, the chemical modifi-

cation with HMW PEI caused a remarkable increase of IP

to 4.48. This should be due to the large quantity of avail-

able amino groups. The increased surface zeta-potential at

pH 7.4 due to PEI-modification may have great effects

when contacting with physiological solutions.

3.2 Cell morphology

Figure 3 shows phase contrast images of cells cultured for

24 h on different samples. Tissue culture polystyrene

(TCPs) was chosen as the control, on which cells spread

and acquired polar cell shape within 24 h. In contrast to

this finding, cells on PLLA were less spread, many cells

were still round with only a few polarized cells visible.

Adsorptive binding of LMW PEI (AL) improved the cy-

tocompatibility on which more spread and less round cells

were observed. For sample AH and CL, cell adhesion was

similar to those on plain PLLA. However, when HMW PEI

was immobilized covalently (CH), similar to TCPs, more

polarized cells were found indicating better biocompati-

bility on this surface compared with nascent PLLA.

Immunofluorescence staining was carried out to show

the cytoskeleton developments for MG63 cells after cul-

tured 24 h on the various PLLA surfaces. Due to practical

reason, glass was used as reference material instead of

TCPs to show normal expression of these structures in

Fig. 1 XPS survey spectra for different PLLA samples. Sample

illustration: PLLA nascent PLLA, AL low molecular weight PEI

modified PLLA by adsorption, CL low molecular weight PEI

modified PLLA by chemical method, AH high molecular weight

PEI modified PLLA by adsorption, CH high molecular weight PEI

modified PLLA by chemical method

Table 1 Surface properties for different PLLA films

Samples Surface element composition (mol.%) Amino group

density (*1016/cm2)

Contact angle (o) Isoelectric

point

Zeta-potential

at pH 7.4 (mV)
C N O

PLLA 61.6 – 38.4 – 72.4 ± 0.3 3.89 -94.8

AL 64.2 0.5 35.3 2.51 ± 0.19 60.5 ± 0.9 4.06 -79.8

CL 63.7 0.5 35.8 9.36 ± 0.62 59.4 ± 0.6 4.10 -94.8

AH 65.1 1.0 33.9 12.14 ± 0.40 56.8 ± 2.7 4.08 -65.7

CH 63.3 3.7 33.0 12.79 ± 0.36 56.2 ± 1.9 4.48 -53.4
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MG63 cells. It is evident that MG63 cells on glass pos-

sessed well developed focal adhesion plaques (Fig. 4a) and

actin stress fibres (Fig. 4b). The shape of cells cultured on

plain PLLA films coated with FN was irregular, focal

adhesions were completely absent (Fig. 4a) and no actin

stress fibres were detected (Fig. 4b). By contrast, focal

adhesions were well developed in cells cultured on AL

where numerous focal adhesion plaques were observed.

This was also the case for sample CH though adhesions

appeared to be weaker. On the other hand, no focal adhe-

sions could be observed on sample AH and CL (Fig. 4a).

When stained for F-actin, longitudinal stress fibres were

visible in cells on AL and CH, and to some extend also on

CL, while the absence of stress fibres in cells on AH cor-

responded well with their irregular shape (Fig. 4b).

3.3 Cell proliferation

The growth of MG63 on sample surfaces was quantified by

a modified LDH assay. Results shown in Fig. 5 indicated

that after a culture period of 24 h, the highest number of

viable cells was detected on sample AL, while on plain

PLLA surface the lowest cell number was observed. Up to

day 6 the quantity of viable MG63 cells was significantly

lower on PLLA (P B 0.05) than on PEI modified surfaces.

There was a slightly enhanced cell growth on AL, though

no remarkable differences were found among the PEI-

modified samples.

3.4 Cell differentiation

ALP assay was used to quantify the osteogenic activity of

MG63 cells on different substrates. As is shown in Fig. 6,

there was no ALP activity of MG63 on the tested surfaces

at day 1. After 6 days, the ALP activity of MG63 cells

increased dramatically. It kept increasing up to day 9.

Among PLLA samples, cells on the PEI-modified samples

expressed significantly higher ALP activity (P B 0.05)

than those growing on plain PLLA. No distinct differences

could be observed among the PEI-modified surfaces con-

cerning ALP activity.

To visualize the differentiation of cells cultured on PLLA

samples, they were stained with alcian blue, the micrographs

observed by transmitting light were shown in Fig. 7. It is

worth noting that in the absence of osteogenic inductors, a

more pronounced blue staining, which indicates deposition

of extracellular matrix related to glycosaminoglycans, was

Fig. 2 Zeta potential for different PLLA samples acquired by

steaming potential and streaming current method at various pH values

Fig. 3 Cell morphology of MG63 on different samples taken by phase contrast microscopy after 24 h incubation
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observed on AL and CH if compared with other PLLA

surfaces. When MG63 cells were cultured in the presence of

osteogenic inductors, no strong differences were detectable

(images not shown here).

4 Discussions

It was the aim of this study to investigate the effects of PEI

modification on the biocompatibility of PLLA films. The

Fig. 4 Immunofluorescence staining for the visualisation of cellular structures, such as vinculin (a) and actin (b) for MG63 seeded onto FN-

precoated PLLA films after incubation for 24 h. Scale bar = 23.81 lm
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osteoblast cell line MG63, which is derived from a human

osteosarcoma, was used for these studies. MG63 cells are

supposed to express a number of characteristics typical for

osteoblasts with a reduced ability to produce calcified tis-

sue, but have also a poor growth control [29]. Despite the

toxic effects of PEI described in the literature, a distinct

result of the present study was that modifications with PEI

by either adsorption or covalently binding improved the

biocompatibility of PLLA significantly.

Physicochemical investigations demonstrated that PEI

can be feasibly immobilized on PLLA. Since PEI has a

certain cytotoxicity which is dependent on the molecular

weight, both HMW (750 kDa) and LMW (25 kDa) PEI

were used in this study. Results of XPS and acid orange

assay revealed that the application of HMW PEI is superior

to induce larger quantities of amino groups on the surface,

particularly for chemical method. Streaming potential

measurements confirmed this, which revealed that sample

CH provoked the greatest increase in surface zeta potential.

Though the change in contact angle after modification of

PLLA with PEI was only moderate, previous studies

showed that amino groups promoted the adhesion of a

variety of cells [30, 31]. Therefore improved cell contact-

ing properties of PEI modified surfaces were anticipated.

On the other hand, cytotoxic effects of PEI are dependent

on its molecular weight, but maybe also the way how is

PEI attached to substrata. In a recent paper we could show

that LMW PEI promoted adhesion and growth of kerati-

nocytes, while HMW PEI inhibited it [27]. Hence, distinct

effects of the molecular weight of PEI and its way of

attachment on adhesion, growth and function of MG63

cells were expected.

When adhesion of MG63 cells was studied by phase

contrast microscopy, TCPs was used as a control surface to

visualize normal morphology of MG63 cells, which was

represented by a spread, polarized shape [32]. By contrast,

MG63 cells adhered to the PLLA surfaces with remarkable

differences in morphology. These morphological differ-

ences decreased after longer culture of cells, which is

consistent with the malignant character of sarcoma cell line

[33]. However, short term cultures gave interesting insights

into the biocompatibility of the investigated surfaces. It

was obvious that plain PLLA did not provide sufficient

attachment sites since cells remained round. This seems to

be related to the lower wettability of PLLA, which may

lead to conformational changes and stronger binding of

non-specifically adsorbed adhesive proteins [34, 35].

Results in this paper revealed that modification of PLLA

with PEI (both LMW and HMW) improved the adhesion of

cells by their better spreading with less round cells

adhered. The presence of different amine functionalities

may be beneficial because amino groups promote adsorp-

tion of fibronectin and do not disturb its conformation and

activity [37], nevertheless HMW PEI is normally cytotoxic

[26, 36]. Hence, the biological activity of such function-

alized surfaces might be improved.

Also immunofluorescence microscopy supported these

findings. Focal adhesion formation requires sufficient

quantities of adsorbed adhesive proteins like fibronectin

[38, 39], and is related to signal transduction processes

regulating actin polymerization, cell growth and differen-

tiation [40]. It was visible that even after coating with

fibronectin, plain PLLA did not support focal adhesion

formation and actin polymerization. Hence it was not

surprising that growth of MG63 cells was delayed on this

substratum as found with the modified LDH method.

Among the PEI modifications, sample AL seemed to pro-

vide best conditions for focal adhesion formation and actin

polymerization. If one compares this finding with the

results of growth experiments, it seems to be correlated

Fig. 5 LDH assay for cell number measured as optical density

function of culture time on different types of surfaces. * P \ 0.01;

** P \ 0.05

Fig. 6 ALP assay for MG63 differentiation measured as optical

density function of culture time on different types of surfaces
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with the slightly enhanced growth of MG63 cells on AL

surface, which corresponds well to our recent finding

showing enhanced growth of keratinocytes on poly (ether

imide) membranes modified with LMW PEI [27].

The functional activity of MG63 cells was measured by

the release of alkaline phosphatase which is one of the

early markers of osteogenic activity [29]. Investigations to

detect calcified tissue by a histochemical approach were

carried out, but failed to show any significant quantities of

calcified material, which seems to be related to the reduced

ability of MG63 cells to form a calcified matrix after longer

culture time [32, 41]. In concordance with other studies it

was demonstrated that ALP activity was low during the

initial cell culture period [42]. To find notable quantities of

ALP, experiments were conducted for 14 days instead of

one week. The quantitative results with ALP revealed that

plain PLLA did not provide favorable conditions for

functioning of osteoblasts, on which the ALP activity of

cells was significantly lower from day 6 until day 14

compared with that on surface modified samples. On the

other hand, the differences among PEI modified PLLA

were negligible. These findings are basically in line with

the results of alcian blue staining. A reduced synthesis of

GAG by MG63 cells on blank PLLA could be observed if

compared to AL and CH. Overall, one can state that

modification of PLLA in either way—adsorptive or cova-

lently bound, low or high molecular weight, improves the

biocompatibility of PLLA in terms of MG63 cell adhesion,

growth and function obviously. Reasons for the observed

effects can be deduced particularly from the presence of

amino groups and concomitant increase of surface charge

for most of PEI modifications. Less negatively charged

surfaces attract proteins and cells more strongly [7, 37].

Also the improved wettability of PLLA after modification

with PEI is in line with those findings [4–6]. Moreover, it

has been demonstrated by us and many other groups that

the amino group carrying surfaces can promote adsorption

of adhesive proteins such as fibronectin and vitronectin,

which retain their biological activity [7, 8, 37–39]. This

may also explain why such a small change of surface

properties after minor adsorption of LMW PEI had a pro-

nounced effect on adhesion, growth and function of MG-63

cells.

5 Conclusions

High and low molecular weight PEI were immobilized

onto the surface of PLLA films by either physical or

chemical methods. The morphologies of MG 63 cells

visualized by phase contrast microscope, and immuno-

fluorescence staining investigated by CLSM revealed that

cell adhesion was remarkably enhanced upon PEI modifi-

cation compared with nascent PLLA. Results from LDH

and ALP assay demonstrated that PEI modification could

further improve the proliferation and function of MG 63,

nevertheless the surface derived from LMW PEI was

slightly better. Hence, method introduced in this paper may

Fig. 7 Micrographs taken by transmitting light for alcian blue stained MG63 cells. The cells were cultured on different types of surfaces for

3 weeks in normal medium
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be explored for the modification of scaffolds for tissue

engineering of bone [18, 43]. It is worth noting that

methods presented here is simple and applicable to scaf-

folds with various morphologies. The choice of immobi-

lization method (adsorptive or covalent) and the molecular

weight of PEI (low or high) depends on the desired

application. The adsorptive immobilization with LMW PEI

may find applications for in situ gene transfection [44],

while covalently binding with HMW PEI are promising to

prepare polyelectrolyte multilayers on tissue engineering

scaffolds, which will be shown by us in future

investigations.
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