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Introduction:  One challenging obstacle in the use of 
implantable cardiovascular devices has been their limited 
life span due to thrombosis, calcification, and 
biodegradation.   A promising strategy to overcome this 
complication is to endothelialize the surface of 
polyurethane (PE), a common component of the devices, 
to minimize adverse foreign-body reactions elicited by 
implanted PEs.  Previously, our group has developed a 
bulk-modified PE configured with cholesterol residues via 
bromoalkylation of hard segment urethane nitrogens 
(Chol-PE), and endothelialized with autologous ovine 
blood outgrowth endothelial cells (BOECs), also known 
as endothelial progenitor cells.  While increased BOEC 
retention under physiological conditions has been shown 
by our group both in vitro and in BOEC seeded Chol-PE 
pulmonary valve leaflet replacement in sheep (1,2), the 
molecular mechanisms of enhanced BOEC adherence and 
retention have not been elucidated.  One possible 
candidate CD47 is a transmembrane glycoprotein that 
forms a cholesterol-dependent complex with integrin αvβ3 
and heterotrimeric G protein complex.  Investigations by 
others have shown that this multimeric complex is 
localized in lipid raft microdomains of the cell membrane 
and enhances cellular attachment and spreading (4,5).  In 
our experiments, we have investigated the molecular 
mechanisms that facilitate BOEC binding to Chol-PE.  
Our hypothesis is that the cholesterol-dependent CD47 
complex may be an important contributor to the enhanced 
BOEC attachment and retention on Chol-PE. In addition, 
the cholesterol appended on Chol-PE surface may 
actively participate in this process.    
Material and Methods:  Chol-PE was synthesized by 
bromoalkylation of the urethane nitrogens of Tecothane® 
TT1074A (Thermedics) followed by reactive attachment 
of 3-cholesteryloxy-2-hydroxypropanethiol as previously 
described (1).  BOECs were obtained from the peripheral 
blood of human or of sheep, and cultured in EBM-2 
medium (Clonetics) as reported (1,3).  To confirm the 
presence of the CD47 complex, BOEC lysates were 
immunoprecipitated with immunoaffinity bead conjugated 
anti-CD47 antibody.  The associated components of the 
CD47 molecular complex were resolved on an SDS-
PAGE gel, and they were identified using standard 
Western blotting techniques.  The contribution of CD47 
complex in BOEC attachment was assessed by 
performing an attachment assay using suspended ovine 
BOECs (100,000/ml) preincubated for 30 minutes with 
various interfering agents against each component of the 
complex (anti-CD47 antibody, cholera toxin, pertussus 
toxin or RGD peptide).  Furthermore, the contribution of 
the membrane cholesterol was investigated by 
preincubation of BOECs for 15 minutes in 10 mM of 
methyl-β-cyclodextrin (MβCD), a known disruptor of the 
CD47 complex as well as of the membrane cholesterol 
(6).  Suspended BOECs + blocking agents were seeded on 
100 mm2 Chol-PE or unmodified PE films in a 24-well 

plate.  The role of the cholesterol appended on Chol-PE 
was assessed by pretreating Chol-PE with 10 mM of 
MβCD, and after washing the films with PBS, BOECs 
were seeded without MβCD.  At timed endpoints, the 
films were washed with PBS, fixed with 4% 
paraformaldehyde, and stained with DAPI nuclear 
staining.  Fifteen fields per film were selected at random 
for cell quantification. 
Results:  Western blotting of CD47 immunoprecipitated 
complexes detected both integrin αvβ3 and Gi protein.  As 
expected, there was a 3-fold increase in the number of 
adherent BOECs on Chol-PE compared to unmodified 
PE.  The presence of anti-CD47 antibodies reduced the 
number of adherent BOECs by about 49% (p<0.05) on 
Chol-PE; however, anti-CD47 had no effect on 
unmodified PE.  Other blocking agents (cholera toxin, 
pertussus toxin or RGD peptide) also decreased the 
number of adherent BOECs on Chol-PE.  Furthermore, 
the treatment of BOECs with MβCD reduced their 
attachment to Chol-PE by 67% compared with a non-
significant reduction on unmodified PE (Fig. 1).  
Surprisingly, the MβCD pretreatment of Chol-PE also 
reduced the number of adherent BOECs on Chol-PE 
indicating the active role of Chol-PE in BOEC 
attachment. 
Conclusions/Discussion:  These data are the first 
demonstration of a role for the CD47 signaling complex 
in BOEC attachment to synthetic surfaces, which may be 
the underlying molecular mechanism of the successful 
adhesion and retention of seeded BOECs on Chol-PE 
originally observed in sheep circulatory explants.  The 
above results with MβCD treatments also suggest that the 
cholesterol content of both the cell membrane and PE 
play a critical in BOEC attachment on Chol PE.  In 
addition, it clearly showed the participation of the 
cholesterol appended on the Chol-PE surface in the 
enhanced attachment.  Our results demonstrate the 
presence of multiple attachment mechanisms of BOECs 
on artificial surfaces. 
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Fig 1.  
The treatment 
with MβCD 
markedly 
reduced (67%) 
the number of 
BOEC 
attachment after 
30 minutes of 
seeding.  


