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Introduction 
One of the primary challenges in tissue engineering is to 
create a scaffold that can mimic the intrinsic mechanical 
properties of the native tissue in order for resident cells to 
retain their inherent function and phenotype based on 
physical induction. Individual cells are highly sensitized 
to external cues arising from their interactions with the 
extracellular matrix (ECM), which include both 
biochemical signals, as well as physical features of the 
ECM. Indeed, it has been demonstrated that some cells 
will alter their behavior and phenotype when presented 
with a drastic change in physical milieu. In order to 
design a tissue replacement using a tissue engineering 
methodology, one needs to provide the cells with a 
scaffold environment that can favorably stimulate the 
cells to achieve the intended outcome, based in part on 
physical induction. In this work, we explore the 
relationship between the physical features imposed by the 
3-D amorphous hydrogel scaffold environment (e.g. 
matrix stiffness, ligand density) and the mechano-sensing 
events that lead to augmented cell morphology in 2-D and 
3-D cultures. This relationship will be investigated using 
a biocompatible hydrogel culture system made from 
adducts of fibrinogen and synthetic polymers such as 
poly(ethylene glycol) (PEG). In this system, pseudo-
independent control of ligand density and matrix modulus 
is achieved. We hypothesize that precisely controlled 
compliance and ligand density of a tissue engineered 
biomaterial scaffold can augment the morphology of 
mesenchymal cells in 3-D culture. This hypothesis is 
based on the rationale that the cells initially use 
lamellipodia together with traction-induced strains to 
sense their physical 3-D environment as part of their 
commitment process to morphogenesis events associated 
with a compliant or stiff ECM. 
 
Methods 
PEG conjugated Fibrinogen (PEG-Fib) was made by 
Michael-type addition reaction of PEG-diacrylate (10 or 
20 KDa) to denatured fibrinogen under reducing 
conditions for 3 h in the dark [1]. The PEG-Fib was cross-
linked into a hydrogel by a free-radical polymerization 
reaction of the free acrylate groups on the pendant PEG 
chains. A non-toxic reaction condition was chosen using 
Irgacure2959 initiator and long-wave UV light (365 nm, 
4-5 mW/cm2). The mechanical properties of the PEG-Fib 
hydrogels (shear modulus, G’) were measured using a 
strain-rate controlled shear rheometer with an in situ UV 
curing attachment. The G' of the hydrogels was adjusted 
by changing the molecular weight of the pendant PEG or 
by adding additional PEG-diacrylate cross-linker. PEG-
Fib bioactivity was altered by changing the Fibrinogen 
concentration (i.e., ligand density [mg/ml]). In order to 
quantify the cell-scaffold interactions, we used a custom 

made time-lapse microscope with an incubation chamber. 
Motion analysis and cell morphology parameters such as 
persistence time, mean square speed and shape index 
were documented in 2-D and 3-D smooth muscle cell 
(SMC) cultures during 6-12 h incubation.   
 
Results 
SMCs cultured on 2-D PEG-Fib substrates demonstrated 
significantly less motility  in comparison to tissue culture 
polystyrene (TCP). In 3-D culture, motility was further 
restricted by the encapsulating hydrogel. In general, the 
motility parameters were not affected by the ligand 
density or the matrix stiffness during the first few hours of 
cell culture. In contrast, SMC morphology parameters 
such as shape index and cell size were significantly 
affected by the ligand density of the PEG-Fib matrix (Fig 
1). 
  

 
 
 
 
 
 
 
 
Conclusions 
We conclude that ligand density and compliance of the 
PEG-Fib matrix have a significant influence on the 
regulation of cell morphogenesis in 2-D and 3-D. These 
results provide further insight into the respective roles of 
matrix stiffness and ligand density in regulating the 
process of cellular mechano-sensing in an amorphous 3-D 
hydrogel environment. Ultimately, identifying 
environmental conditions that are optimal for directing 
cell morphogenesis based on biophysical induction can 
contribute to successfully designing scaffolds that 
favorably affect the final outcome in tissue engineering.   
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Figure 1: Quantitative analysis of SMC shape index 
performed by image analysis using MATLAB provides 
important information about the relationship between 
morphology and matrix properties. The cell size and shape 
index was affected by the ligand concentration (i.e. protein 
concentration) of the PEG-Fib hydrogel matrix. 


