
Introduction 
    Although the medical devices made of synthetic 

biomaterials have done lots of contributions to saving lives 

and improved the quality of life, problems still remain in the 

field of biomaterial implants. The most significant one is that 

biomaterials are generally fabricated without biorecognition 

and biospecificity, while the biological systems are bio-

specific [1]. Gene delivery is a process of introducing foreign 

DNA into host cells and is one of the crucial steps necessary 

for gene therapy [2]. It has been widely recognized that 

successful delivery small quantity of gene to cells can induce 

long-term expression [3]. Most importantly, many kinds of 

cells could be simultaneously transfected by a same 

extraneous gene in the cellular microenvironment. Then, the 

secretion of proteins (such as growth factors) could 

specifically influence cellular events because of the special 

function. Therefore, this process makes gene therapy an ideal 

candidate for selective regulating of intercellular 

competitiveness. Recently, it was reported that HGF plays 

very important role in endothelial cells (ECs) regeneration [4]. 

Rapid regeneration of endothelium is a key point to the 

success of prevent restenosis. Therefore, local delivery gene 

encoding HGF could specifically modulate competition 

between ECs and SMCs. Layer-by-layer (LbL) self-assembly 

technique, that introduced by Decher et al. [5] ,has been 

extensively applied to construct gene-embedded thin 

multilayer on the surface of various substrates. LbL technique 

has many advantages especially in terms of constructing gene 

delivery system [6, 7]. Till now, there is lack of research to 

construct functional gene delivery system by using LbL self-

assembly for the purpose of selective regulation of 

intercellular competitiveness.  

 

Results 

Method 
    In the present study, we aimed at enhancing ECs 

competitiveness over SMCs. To achieve this goal surface-

mediated functional gene delivery system was constructed by 

alternatively depositing protamine sulfate (PrS) and HGF-

pDNA on the surface of substrates based on LbL technique. 

 

Conclusion 
    In summary, we demonstrated the surface-mediated 

functional gene delivery system is an effective strategy to 

regulate the intercellular competitiveness. LbL technique was 

applied to successfully incorporate HGF-pDNA and PrS into 

multilayered film. The approach that combination of LbL 

technique and functional gene offers a promising strategy to 

selectively regulate intercellular competitiveness in a multi-

type of cells system, highlighting possibilities for various 

implant applications in biological system where the cell-

specific regulation is desired. 
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Scheme. 1. The Schematic diagrams of process that (PrS/HGF-pDNA) multilayered 

films regulate the intercellular competitiveness between HUVECs and HUASMCs. 

(A) Normal proliferation state of HUVECs and HUASMCs in co-culture.(B) After 

covering (PrS/HGF-pDNA) multilayered film on the top of the co-culture cells, the 

HUVEC growth and competitiveness over HUASMCs were enhanced.  

Fig. 2. The cell transfection and proliferation assay. ELISA results of HGF secreted by 

HUVECs (a) and HUASMCs (b) after attachment with (PrS/HGF-pDNA)12, (PrS/FS-

DNA)12 and glass substrates over 3 days. The proliferating cell density of HUVECs (c) 

and HUASMCs (d) in (PrS/HGF-pDNA)12, (PrS/FS-DNA)12 and glass groups for 

culturing 3 days .The number of cells was calculated from at least 10 images based on the 

fluorescence images using imageJ software (n=3, mean ± SD, *p<0.05 vs (PrS/FS-

DNA)12 and glass groups). 

Fig. 3. Immunofluorescence images of cytoskeletal actin (red) of HUVECs in 

(PrS/HGF-pDNA)12  (a, d, g), (PrS/FS-DNA)12 (b, e, h) and glass (c, f, i) groups after 

1, 2 and 3 days of culture. The nuclei of HUVECs were stained by DAPI (blue). 

Scale bar is 200 μm. 

 Fig. 4. Immunofluorescence images of cytoskeletal actin (red) of HUASMCs in 

(PrS/HGF-pDNA)12 (a, d, g), (PrS/FS-DNA)12 (b, e, h) and glass (c, f, i) groups after 1, 

2 and 3 days of culture. The nuclei of HUASMCs were stained by DAPI (blue). Scale 

bar is 200 μm. 

Fig. 5. The transfection assay in co-culture system. ELISA results of HGF in the cell 

culture media after 1, 2 and 3 days culture. ( n=3, mean ± SD *p<0.05 vs (PrS/FS-

DNA)12 and glass groups). 

Fig. 6. Immunofluorescence images of co-culture of HUVECs and HUASMCs in 

(PrS/HGF-pDNA)12 (a, d, g), (PrS/FS-DNA)12 (b, e, h) and glass (c, f, i) groups after 1, 2 

and 3 days of culture. HUVECs and HUASMCs were stained by anti-vWF (red) and anti-

calponin (green), respectively. These Images from different microscope channels were 

combined together. Scale bar is 200 μm. 

Fig. 7. The three-dimensional column chart of cell density in (PrS/HGF-pDNA)12, 

(PrS/FS-DNA)12 and glass groups over 3 days in co-culture system. The number of 

HUVECs (green column) and HUASMCs (red column) was calculated separately 

according to immunofluorescence images of co-culture. 

Results 

Fig. 1. Characterization of (PrS/HGF-pDNA) multilayered films. (a) Ellipsometry 

measurement of the thickness of (PrS/HGF-pDNA) multilayerd film with 4, 8, 12 and 24 

pairs. (b) The change of frequency shift as a function of number of bilayer during buildup 

of (PrS/HGF-pDNA)n. (c) The mass of HGF-pDNA in 4, 8, 12 and 24 bilayered films. (d) 

The remaining mass of HGF-pDNA in (PrS/HGF-pDNA)12 as function of time after 

incubating in PBS at 37 ºC, pH 7.4. 
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