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Statement of Purpose: Extracellular matrix (ECM) 
scaffolds prepared from different tissue sources or 
prepared using different methods have been demonstrated 
to have distinctive effects upon cell adhesion patterns as 
well as the ability to support and maintain differentiated 
cell phenotypes.  It is unknown whether the composition 
or the ultrastructure of the ECM plays a greater role in 
determining the phenotype of the cells with which it 
comes into contact.  However, when implanted, the 
topology and ligand landscape of the scaffold material 
will determine the host molecules that bind and the type 
and behavior of cells that mediate the host response.  
Therefore, a comprehensive understanding of surface 
characteristics is essential in the design of scaffolds for 
specific clinical applications. 
 The present study investigated the surface 
characteristics of ECM scaffolds derived from porcine 
urinary bladder (UBM-ECM), as well as UBM-ECM that 
was chemically crosslinked with either carbodiimide or 
glutaraldehyde.  Immunohistochemistry, electron 
microscopy (SEM), and time of flight secondary ion mass 
spectroscopy (ToF-SIMS) were used to examine surface 
characteristics.  Both luminal and abluminal sides were 
examined. Cell culture studies were performed to 
determine the effects of differences in ECM surface 
characteristics upon growth patterns of NIH 3T3 
fibroblasts, human microvascular endothelial cells 
(HMEC), and embryonic spinal cord neurons. 
 

Materials and Methods: 
 

Immunohistochemistry: Sections of UBM-ECM were 
labeled with antibodies specific for laminin, collagen IV, 
and collagen VII to determine the localization of 
basement membrane proteins. 
 

SEM: Specimens were dehydrated through a graded 
series of ethanol, and immersed in hexamethyldisilazane 
then allowed to air dry.  The samples were then attached 
to aluminum stubs and sputter coated with gold palladium 
alloy prior to analysis.   
 

ToF-SIMS: Spectra were acquired on an ION-TOF 
ToF.SIMS V spectrometer.  Secondary ions were 
extracted and detected using a Reflectron time-of-flight 
mass analyzer. Principal components analysis was used to 
analyze the spectra using an in-house program. Negative 
spectra were not considered in the results due to the lack 
of characteristic peaks for this project.  
 

Cell Culture: Single sheets of UBM were cut with a 
1.5cm diameter circular punch to create discs for use in 
cell culture experiments.   
 NIH 3T3 fibroblasts and HMECs were cultivated 
until approximately 70-80% confluent. Cells were 
harvested and seeded onto the luminal or abluminal side 
of UBM-ECM and crosslinked UBM-ECM scaffolds at 
concentrations of either 0.5X106 or 1X106 cells per 

scaffold. The seeded scaffolds were cultured for 10 days 
and harvested for staining with hematoxylin and eosin. 

Spinal cord neurons were isolated from 
embryonic day 14 rats and seeded on the luminal and 
abluminal surface of UBM-ECM scaffolds at a density of 
3x105 cells/cm2.  The cells were cultured for 5 days and 
then the seeded scaffolds were harvested for examination 
using antibodies against β-tubulin III and glial fibrillary 
acidic protein.  Scaffolds were also examined using SEM. 
 

Results: Immunohistochemical staining indicated that 
UBM-ECM stained positive for all proteins examined and 
staining showed an intact basement membrane layer on 
the luminal surface.  
 SEM showed the presence of a smooth surface 
ultrastructure, consistent with a basement membrane on 
the luminal surface of UBM-ECM, but not on the 
abluminal surface of UBM-ECM.  The abluminal surface 
was characterized by a meshwork of connective tissue.  
SEM also showed that the ultrastructure of both the 
luminal and abluminal side UBM-ECM was altered when 
the scaffold was chemically crosslinked. 
 ToF-SIMS data indicated distinct spectra for the 
luminal and abluminal surface of UBM-ECM.  The 
results further showed distinct changes in the spectra 
associated with each side following crosslinking. 
 Cell culture experiments showed that neither 
NIH 3T3 nor HMEC cells were able to invade below the 
luminal surface of UBM-ECM during culture, but were 
able to invade the abluminal side of UBM-ECM. Changes 
in the growth patterns of NIH 3T3 cells following 
crosslinking were also assessed. 
 The results of the embryonic spinal cord neuron 
culture showed that spinal cord neurons cultured on the 
abluminal surface formed dense neural networks, aligned 
to the surface structures and invaded the surface 
architecture of UBM-ECM.  However, the luminal 
surface of UBM-ECM did not support the adhesion and 
growth of embryonic spinal cord neurons in-vitro. 
 

Discussion/Conclusions: The results of this study show 
that ECM scaffolds have unique morphologic and 
structural properties which are dependant on the organ or 
tissue from which the scaffold is harvested.  Furthermore, 
the results show that the surface characteristics of an 
ECM scaffold can be changed through chemical 
crosslinking, a process used in the production of many 
commercially available ECM scaffolds. The results of this 
study have also shown that the surface characteristics of 
ECM scaffolds are associated with specific patterns of 
cell behavior in vitro.  Further analysis is needed to 
determine the type and spatial distribution of ligands 
present on the scaffold surface which lead to the observed 
cell behavior.  We speculate that these distinct surface 
characteristics also affect downstream remodeling events 
in-vivo. 


