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Nanofibrous polymers enriched with bioactive molecules have great potential to improve the durabil-
ity of regenerated tissues. Here QCM instrument qCell T was successfully applied for real time charac-
terization of a bioactive implant for bone tissue reconstruction, where basic fibroblast growth factor
(FGF2) is incorporated into a 3-D nanofibrous scaffold via Layer-by-Layer (LbL) assembly.

Summary

Despite the enormous potential of tissue regeneration us-
ing synthetic yet biodegradable implants, the lack of du-
rability of the regenerated tissue is a serious issue. Thus,
bioactive implants, 3-D scaffolds which are functionalized
with bioactive molecules essential for cellular growth and
differentiation such as growth factors, are attractive ad-
ditions and have proven better success in next generation
of tissue engineering. Herein, we present a characteriza-
tion of a bioactive implant for bone tissue reconstruction,
where basic fibroblast growth factor (FGF2), an essential
protein for bone tissue repair, is incorporated into a 3-D
nanofibrous scaffold via Layer-by-Layer (LbL) assembly.
The real time film formation by the LbL technique was
monitored using a quartz crystal microbalance (QCM,
gCell T by 3T Analytik GmbH, Germany) and the results
indicate a stable film formation with a nominal thickness
of 10 nm under set experimental conditions.

Background

The regeneration, re-growth or repair of cells and tis-
sues, has long attracted biomedical interest due to the
potential of replacing dysfunctional or damaged tissues
with new ones. One of the promising strategies in mod-
ern tissue engineering involves localization of an optimal
combination of regenerative cells (autologous, alloge-
neic, xenogeneic, genetically engineered, or stem cells)
into a 3-D scaffold, which mimics a natural extracellular
matrix [1,2]. These 3-D scaffolds are generally made up of
cell-friendly nanofibrous polymers which are capable of
spatially directing the complex multicellular processes of
tissue formation and regeneration (see figure 1).

Despite the tremendous progress in tissue engineering,
lack of durability of the repaired tissue still persists with
3-D scaffold-based approach. Thus, the scaffold surface is
enriched with bioactive molecules such as growth-, angio-
genic and differentiation factors to facilitate cell adhe-
sion, proliferation, and differentiation.

Strategy
In this study, we surface functionalize a 3-D scaffold with
an osteogenetic growth factor, basic fibroblast growth

Figure 1. SEM visualization at different magnifications
of the electrospun PCL nanofibers A,B) before LbL treat-
ment, C,D) after the deposition of (PLL/BMP-2)3 spheroid
nanoarchitectures,and E,F) after the deposition of (CHI/
BMP-2)3 fish scale-like nanoarchitectures. Scale bars:
A,C,E) Tmm and B,D,F) 100 nm [2].

factor (FGF2), using the LbL approach. The process in-
volves a sequence of simple alternate immersions of the
3-D scaffold into a solution of a polycation, and a solu-
tion of FGF2, with rinsing steps between adsorption steps.
Successful LbL assembly formation, stability and physical
properties of the film is characterized in real time using
quartz crystal microbalance (QCM).

Method
The LbL assembly of poly-L-lysine (pLys, a polycation),
poly-L-glutamic acid (pGlu) and FGF2 with a film archi-
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Figure 2. Real time QCM frequency shift (Af) upon forma-
tion of the film (pLys/pGlu),/FGF2 on a 3-mercaptopropi-
onic acid coated on a 10 MHz QCM resonator at 25 °C.

tecture of (pLys/pGlu),/FGF2 was constructed on 10 MHz
QCM resonators (provided by 3T Analytik GmbH), which
are already functionalized with a negatively charged
monolayer of 0.5 mM 3-mercaptopropionic acid in etha-
nol overnight. The film construction process involved
brief, subsequent flow periods of polyelectrolyte solu-
tions over the sensor surface accompanied by saline
buffer (pH 7.4) washings after each layer, with the QCM
frequency change being monitored in real time (see fig-
ure 2).

Conclusion

The QCM represents an advanced and very useful tech-
nique to investigate the properties of a layer-by-layer
assembled biofilm. Progressive reduction in resonance
frequency upon introduction of polyelectrolytes and FGF2
was successfully monitored by QCM instrument qCell T.
The result indicates stable LbL film formation under our
experimental conditions. The nominal thickness of the
film is 10 nm.
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