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Statement of Purpose: The long-term clinical application 
of this study is to generate a combined biological and 
engineering approach to deliver human mesenchymal 
stem cells (hMSC) for treating chronic wounds. Adult 
mesenchymal stem cells are multipotent stem cells that 
can differentiate into a variety of cells.  The current study 
investigates the adhesion, matrix assembly, and 
differentiation behavior of hMSCs in three-dimensional 
scaffolds fabricated from tyrosine-derived polycarbonates 
following the local presentation of biodynamic albumin 
nanoparticles (ANP) functionalized with a RGD-
containing fibronectin fragment (FNf). The hypothesis is 
that the nanoscale ligand presentation and dynamics 
promotes matrix remodeling and differentiation of hMSCs 
to different stromal lineages of relevance to wound repair. 
 
Methods: ANPs were fabricated from human albumin 
using previously developed techniques based on pH and 
temperature changes to induce self-assembly of the 
albumin chains through intermolecular disulfide bonding 
(1). We have shown that the ANP-based nanoscale 
presentation of FNf stimulated both human keratinocyte 
migration and ECM assembly of dermal fibroblasts (2). 
Tyrosine-derived polycarbonates were electrospun into 
porous scaffolds, as previously described (3). FNf–ANPs 
were incorporated on poly(DTE carbonate)-based, 3-D 
scaffolds of varying polymer chemistry using passive 
adsorption or centrifugal seeding. Fluorescent micrograph 
of ANPs seeded via centrifugation within poly(DTE 
carbonate) scaffolds, labeled with anti-albumin antibody. 
hMSCs were cultured on scaffolds pre-adsorbed with FNf-
ANPs, ANPs or FNf alone for 1 day and 7 days. Cell 
morphology was obtained by FITC-pholloidin staining and 
imaged by Leica TCS SP2 laser scanning confocal 
microscopy. MSC adhesion assay was conducted in Fnf or 
Fnf-ANP precoated-96-well TCPS plate. Early passage 
MSCs were seeded in serum-free media for 90 min at 
37°C.  Wells were washed twice with PBS and the number 
of cells adhered to surface determined using the 
hexosaminidase assay.  Cell differentiation and matrix 
deposition were assessed using established protocols. 
 
Results: Figure 1 shows a confocal microscopy image of 
ANPs adsorbed on an electrospun poly(DTE carbonate) 
scaffold, demonstrating the feasibility of decorating 3-D 
constructs with the ANPs. The surface presentation of the 
functionalized ANP’s to hMSCs enhances cell adhesion 
(Table 1) without compromising cell viability (not 
shown). Scaffolds were incubated with Fnf-ANPs to 
promote bioactivity.  Cells attached to FNf-treated 
scaffolds and appeared to spread along individual fibers 

(Fig. 2). In contrast, FNf-ANP treated scaffolds showed 
enhanced cell attachment with cells spread among the 
fibers and forming cell-cell contacts.  Interestingly, a 
similar behavior was observed when full length 
fibronectin was adsorbed onto fibers (not shown). 
Therefore, presentation of FNf on nanoparticles increased 
efficiency of cell spreading and induced more cell-fiber 
interactions than adsorbed FNf alone.   

 
Table 1. hMSC adhesion to fibronectin substrates 
Adsorbed protein % cell attachment 
Full length fibronectin 100.0  
FNf 23.8 ± 5.6 
FNf-ANP 45.7 ± 1.8 
FNf-ANP + anti-α5β1 10.5 ± 8.7 

Conclusions:  A 3-D cell-interactive combinatorially 
designed biomaterial model was developed for hMSC 
seeding and transplantation. Fnf-ANPs promote hMSC 
adhesion through activation of integrin receptors. When 
seeded on microporous scaffold pre-adsorbed with Fnf-
ANPs, MSCs adopted dendritic morphology and 
integrated well with the surrounding fibers. Our results 
suggest a new delivery approach for MSC-based therapy 
for chronic wounds. 
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Figure 2.  hMSC’s (green) cultured on scaffolds (red) 
pre-adsorbed with FNf-ANPs (left) or FNf (right). 
Very few cells attached in the absence of FNf (not 
shown).
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