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Statement of Purpose: When recombinant human bone 
morphogenetic protein (rhBMP-2) is administered as a 
solution or delivered in a collagen or PLGA sponge, a 
large fraction of the protein is lost in the process of 
irrigating the wound, by the action of antibiotics in the 
first 24 h after the surgical placement, and by soft tissue 
compression. Therefore, 4-5 orders of magnitude higher 
than the amount found endogenously (1 mg/ml for 
rhBMP-2) have to be loaded in the graft to induce bone 
formation. Such high doses cause adverse effects such 
as bony overgrowth and immunological reactions. The 
objective of this work was to determine the effect of 
conjugation of rhBMP-2 to biodegradable NPs on 
release characteristics and osteogenic differentiation of 
bone marrow stromal (BMS) cells.  
 
Methods: Poly(lactide fumarate) PLAF, PLGF, and 
poly(lactide-co-ethylene oxide fumarate) (PLEOF) were 
synthesized by condensation polymerization [1]. 
Succinimide-terminated macromers (PLAF-NHS or 
PLGF-NHS) were produced by reacting the hydroxyl 
end-groups of the PLAF or PLGF macromers with the 
carbonate group of N,N'-Disuccinimidyl carbonate 
(DSC) [1]. The reaction was allowed to continue for 8 h 
at ambient conditions. The resulting mixture was 
precipitated in ether and the product was separated by 
filtration. PLAF-NHS and PLGF-NHS NPs were 
produced by dialysis with amphiphilic PLEOF used as 
surfactant to stabilize the NPs. For conjugation, rhBMP-
2 (1µg/ml in PBS) was incubated with succinimide 
terminated NPs under ambient conditions for 12 h. 
After reaction, the suspension was dialyzed against PBS 
to remove the by-product, N-hydroxyl succinimide. For 
determination of release kinetics, 1 mg rhBMP-2 loaded 
NPs were incubated with 1 ml PBS (pH 7.4) at 37°C 
with orbital shaking. At each time interval, the 
suspension was centrifuged at 15,000 rpm, and the 
enzymatically-active concentration of released rhBMP-
2 was measured by ELISA using the BMP Quantikine 
kit (R&D Systems). BMS cells, isolated from the bone 
marrow of Wistar rats, were seeded at a density of 
5x104 cells/ml in basal media. After cell attachment, the 
media was replaced with osteogenic media with the 
addition of the time-released rhBMP-2 from a 
suspension of 200ng/ml rhBMP-2 conjugated NPs. At 
each time point ( 4, 7, 14, ands 21 days), DNA content, 
alkaline phosphatase activity (ALPase) activity, and 
calcium content of BMS cell cultures were measured. 
 
Results: The average size of PLAF-NHS and PLGF-
MHS NPs was 325 and 250 nm, respectively. 
Conjugation efficiency was >95% for PLAF-NHS and 
PLGF-NHS NPs. The release of enzymatically active 
rhBMP-2 from PLAF-NHS and PLGF-NHS NPs is 
shown in Figure 1. rhBMP-2 release from PLAF-NHS 
NPs was linear with time and >0.4 µg was released after 
2 weeks; release from PLGF-NHS NPs was non-linear 
and >0.2 µg was released after 2 weeks. PLGF-NHS 
and PLAF-NHS NPs completely degraded in 25 and 38 

days which demonstrated that the release was 
dominated by erosion of the matrix. 

 
Fig 1. Release kinetics of rhBMP-2 from PLAF-NHS 
and PLGF-NHS NPs. 
 
The extent of mineralization of BMS cells (as measured 
by calcium content) cultured in media supplemented 
with timed-release rhBMP-2 from PLAF-NHS and 
PLGF-NHS NPs is shown in Figure 2. Calcium content 
of BMS cells cultured in media supplemented with 
rhBMP-2 timed-release from PLAF-NHS NPs (blue) 
and PLGF-NHS NPs (green) was similar to that of 
directly-added rhBMP-2 to the media. These results 
demonstrate that timed-release rhBMP-2 from PLGF 
NPs has the same activity to that of directly-added 
rhBMP-2 to the culture media. 
 

  
Figure 2. Calcium content of BMS cells with time. 

 
Conclusion: Immobilization of rhBMP-2 by 
conjugation to NPs can minimize rhBMP-2 diffusion 
away from the regeneration site, thus lowering the 
required dose and eliminating bony overgrowth. 
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