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Introduction: Transforming growth factor-�1 (TGF) 

can induce upregulation of late SMC markers from 

hMSCS.
1
 Therefore, a system that can maintain TGF 

presentation should provide signals for long-term SMC 

differentiation. The aim of the current study is to 

sequester TGF within a fibrin gel either via a 

bifunctional succinimidyl �-methylbutanote 

poly(ethylene glycol) (PEG-(SMB)2) linkage or direct 

affinity binding with the matrix. The degree of 

PEGylation of the fibrin gel allows for control of the 

degradation rate and further, allows control of TGF 

release rate and presentation. 

Materials and Methods: Porcine Fib (Sigma) was 

PEGylated with PEG-(SMB)2, 3400 MW (Nektar) at  

1:10 and 1:2 molar ratios over 1 hour. Human TGF 

(R&D Systems) was reacted with the PEGylated Fib for 

30 min. Dialysis with a 100000 MWCO membrane 

against TBS was performed overnight. All previous 

reactions occurred in TBS, pH 7.8 at 37ºC.  Human 

thrombin in 40 mM CaCl2 (Sigma) was then added to 

the PEGylated Fib to begin crosslinking. The final 

concentration of TGF was 25 ng/ml; Fib, 10 mg/ml; and 

thrombin, 12.5 U/ml. Monofunctional mPEG-SMB was 

utilized to test GF affinity to the matrix. TBS was used 

in lieu of PEG as a control. Gelation occurred at 37ºC 

over 30 minutes. HMSC (Lonza) can be embedded 

within fibrin gels by mixing GF loaded Fib solution 

with hMSC in maintenance media (Lonza) before 

thrombin addition. 

 Release curves for TGF were quantified using 

purchased TGF ELISA kits (R&D Systems). Protein 

release was quantified with a commercial BCA kit 

(Pierce). Released TGF bioactivity was analyzed by 

using the Mv1Lu growth inhibition assay. Gels were 

formed in transwells and exposed to a subconfluent 

culture of Mv1Lu cells. Proliferation was measured by 

calcein AM dye (Sigma) uptake and normalized to 

untreated cells. TGF interaction with Fib was analyzed 

using a binding ELISA with a Fib antibody (Affinity 

BioReagents) and a corresponding FITC-conjugated 

secondary antibody (Jackson ImmunoResearch). 

Differentiation potential was analyzed by rtPCR and 

immunohistochemistry. 

Results and Discussion: TGF and protein release were 

measured over 12 days from fibrin gels. Figure 1 

demonstrates that PEGylated fibrin gels can sequester 

TGF for up to 12 days. Release of TGF is correlated 

with degradation curves (Figure 2) (�>0.85), indicating 

that TGF has high physical affinity for Fib. Thus, TGF 

release is degradation controlled. Degradation rate can 

be controlled by modifying the degree of PEGylation, 

and therefore alter TGF release rate. Additionally, since 

TGF can be sequestered within the matrix, presentation 

of TGF to embedded hMSCs can be altered. 

 Bioactivity of released TGF was assessed using the 

Mv1Lu growth inhibition assays. Proliferation of 

Mv1Lu cells exposed to gels containing TGF was 

significantly inhibited when compared to gels without 

TGF addition, and thus, released TGF bioactivity is 

maintained. HMSCs embedded within PEGylated fibrin 

gels demonstrated a change in phenotype dependent on 

TGF presentation (Figure 3). Non-PEGylated fibrin gels 

with entrapped TGF demonstrated similar results to 

fibrin gels PEGylated at a 10:1 molar ratio without 

sequestered TGF. 

 
Figure 1: TGF release from fibrin gels 

 
Figure 2: Protein release from fibrin gels 
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Figure 3: HMSC cultured in 10:1 PEG-(SMB)2 

fibrin gels without (A) and with TGF (B). Image is 

Day 4 culture 

Conclusions/Summary: TGF can be incorporated into 

a PEGylated fibrin gel with PEG-(SMB)2 and released 

at varying rates. TGF can be sequestered within 

PEGylated fibrin gels for at least 12 days. Further, by 

altering the degree of PEGylation, TGF release rate can 

be controlled.  Released TGF bioactivity is maintained 

as demonstrated with the Mv1Lu growth inhibition 

assay.  Further, a change in phenotype of hMSC is 

shown when hMSCs are embedded within fibrin gels 

containing sequestered TGF. 
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