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Introduction:  In vivo, plasma proteins (e.g. fibrinogen) 
and extracellular matrix proteins (e.g. collagen, fibro-
nectin) will come in contact with biomaterial surfac-
es(1), influencing both cell adhesion and phenotype.  
The latter proteins are important in the differentiation of 
the monocyte, which can shift to pro-inflammatory or 
wound-healing monocyte-derived macrophages 
(MDM).  A wound healing phenotype MDM can aid in 
the success of tissue regeneration, as it directs the ne-
cessary cells to adopt the proper phenotype and func-
tion, however little research has been done on the role 
of protein coating in inducing the wound healing MDM.  
Fibrinogen coating has been found to induce monocyte 
adhesion(2).  Plasma fibronectin knockout mice have 
been found to have a greater foreign body response than 
control mice, however leukocyte recruitment was unaf-
fected(3).  Also it has been shown that fibronectin and 
fibrinogen coatings do not induce transforming growth 
factor-α (TNF-α) release, a common inflammatory 
cytokine, from monocytes/MDM on tissue culture po-
lystyrene (TCPS)(4).  Esterase activity (EA) was used 
as a marker of monocyte/MDM activation as it has 
previously been shown to degrade polyurethanes(5) and 
its activity was shown to be dependent on polyurethane 
surface chemistry(6).  In this study vinyl-lysine diiso-
cyanate polycarbonate polyurethane (VPU-0) was hy-
pothesized to induce a more pro-wound healing pheno-
type monocyte/MDM than TCPS since its potential 
degradation products and chemical function are mod-
eled from amino acid chemistry.  In this study, the ef-
fect of material surface (VPU-0 versus TCPS) and pro-
tein coating (fibrillar type I collagen, fibronectin or 
fibrinogen) on monocyte attachment (DNA) and in-
flammatory markers (EA, TNF-α release) were assessed 
following 24h cell/material interaction.   
Materials and Methods:  A divinyl oligomer (DVO) 
was synthesized by mixing 2-hydroxyethylmeth-
acrylate, poly(hexamethylene carbonate) diol and lysine 
diisocyanate in a 2:1:2 molar ratio in the presence of 
dibutyltin dilaurate catalyst at 50°C overnight.  The 
VPU-0 films consisted of DVO, methacrylic acid and 
methyl methacrylate at a 1:5:15 molar ratio with ben-
zoyl peroxide initiator.  The solution was cured at 
110°C overnight in a 96 well polypropylene plate.  
Type I fibrillar collagen (Williams et al(7) at 0.1 
mg/mL),  fibronectin (1μg/mL) and fibrinogen 
(1mg/mL) (8) were coated onto plates or films before 
monocyte seeding.  Human monocytes were isolated(9) 
and plated at 2x105 cells per well in 200μL of 10% fetal 
bovine serum in RPMI medium.  Cells were lysed with 
120μL of 0.05% Triton X-100 lysis buffer at 24h and 
lysates were assayed for DNA and EA(9).  Conditioned 
media were analysed for TNF-α  release by ELISA.   
Results and Discussion:  After 24h, the DNA bound to 
control VPU-0 wells was 2513 +/- 548ng and for TCPS 
it was 4499 +/- 957ng; however, this difference was not 
significant.  Collagen and fibronectin coatings signifi-
cantly increased the monocyte attachment to TCPS 

(Fig.1a); however, protein coatings had no significant 
effect on the monocyte attachment to VPU-0 (Fig.1b).     

 
Figure 1:  Effect of protein coating on DNA (gray), EA 
(white) and TNF-α release (black) for monocytes seeded on 
(a)TCPS and (b)VPU-0 for 24h in the absence or presence of 
collagen, fibronectin, or fibrinogen. Averages of 3 donors (+/-
standard error).  *Significantly greater than no protein control 
(dashed line, p<0.02).   
 
Two markers of inflammatory monocytes and MDM 
were evaluated: EA, and TNF-α release.  Collagen 
coating significantly increased TNF-α release and EA 
in monocytes on TCPS suggesting a more inflammatory 
phenotype (Fig.1a), whereas  fibronectin coating 
increased EA only (Fig.1a).  Neither marker was 
increased for monocytes on VPU-0 or TCPS with the 
fibrinogen coating over control (Fig.1a+b).  These 
results suggest that collagen and fibronectin attach 
differently to TCPS than VPU-0, inducing a more 
inflammatory monocyte phenotype on TCPS.  Since 
TCPS has previously been found to be an activating 
surface in terms of EA in MDM(10), it implies that the 
surface remains an influencing factor even after protein 
deposition onto the surface.  Given the different effects 
of fibrinogen versus collagen and fibronectin protein 
coatings it suggests that protein coatings be used strate-
gically in applications with tissue engineering scaffolds.                       
Significance:  Further testing is required in order to 
confirm that VPU-0 can induce the wound-healing 
phenotype MDM regardless of protein coating by study-
ing longer time points and co-culture of monocytes with 
other cells involved in the tissue repair process.  
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