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To date, most efforts to understand and improve the ef-
ficiency of nonviral gene delivery have focused on alter-
ing the physicochemical properties of delivery systems 
and developing new delivery strategies. The importance 
of the cellular microenvironment in achieving successful 
nonviral gene transfer has not been thoroughly exam-
ined, though proteins of the extracellular matrix (ECM) 
mediate cell adhesion and serve to regulate cellular be-
havior that may, in turn, dictate the cellular responsive-
ness to nonviral gene delivery. Self-assembled monolay-
ers (SAMs) of alkanethiols on gold were used to control 
adsorption of ECM molecules and thus control the ar-
chitecture of the extracellular environment presented to 
cells. SAMs of different surface chemistries were used 
to modulate the structure and activity of adsorbed ECM 
molecules to investigate how cells adhered to these 
ECM-immobilized SAMs respond to nonviral gene de-
livery. As an example ECM, fibronectin was immobi-
lized to both hydrophobic and hydrophilic SAMs and 
mouse fibroblasts (NIH/3T3) were seeded onto the fi-
bronectin- immobilized SAMs. DNA complexes (formed 
with plasmid encoding luciferase complexed with poly-

ethylenimine or Lipofectamine 2000) were subsequently 
delivered as a bolus and transfection was assayed at 24 
and 48 hours. Transfection on ECM-immobilized SAMs 
was measured using luciferase assays and compared 
to transfection in cells adhered to traditional polysty-
rene surfaces. Fibronectin immobilized on hydrophobic 
SAMs resulted in increased transfection levels relative to 
hydrophilic SAMs or control polystyrene surfaces. Fur-
thermore, transfection was shown to increase as the con-
centration of fibronectin on the hydrophobic SAM was 
increased, indicating that hydrophobic interactions be-
tween the SAM and fibronectin resulted in a protein ori-
entation that enhanced the ability of the cells to respond 
to gene delivery. A greater understanding of the ability 
of the extracellular environment to modulate gene deliv-
ery will enable the development of controlled and effi-
cient nonviral delivery methods that incorporate appro-
priate ECM-cell interactions. In particular, controlling 
the architecture of the ECM could serve as an approach 
to enhance the ability of cells within a tissue engineering 
scaffold to internalize DNA, where gene delivery can 
present chemical factors to guide tissue formation.
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