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Editorial Use of proteins provided from natural sources has several limitations which are overcome

Article History:
Received: 04 June 2012
Accepted: 05 June 2012
ePublished: 07 June 2012

by the use of recombinant proteins. So far, the recombinant forms of many proteins with
tissue engineering applications have been developed including structural proteins, growth
factors and cytokines. This technology has enabled the development of specifically
designed proteins such as growth factors with matrix binding domains, and hybrid

structural proteins with improved mechanical properties. Recombinant proteins are
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produced either ex vivo or in vivo, by local gene therapy protocols, and are of medical and
economic benefits. Due to the high applicability of recombinant proteins in tissue
engineering, it is recommended to include this platform as an infrastructural element in
any tissue engineering program.

issue engineering is a developing field in medical

and surgical therapeutics aiming at fabrication of

biointeractive  substitutes ~ for  functional
restoration of lost tissues and impaired organs. Using
three basic elements of cells, scaffolds and signaling
molecules and depending on the complexity of the target
tissue, different design methods and technologies may be
applied to the engineering of a substitute. The three basic
elements are known as the tissue engineering triad and
could be inter-related by protein molecules. The proteins
not only contribute to the structure of many signaling
molecules and affect the cellular behavior, but also could
be used for fabrication of scaffolds. Therefore, proteins
constitute a group of key molecules that should be dealt
with for many tissue engineering purposes. However,
several limitations are implicit in the application of
proteins including source availability and stability,
batch-to-batch variability, transmission of infecting
organisms and immunogenicity. These limitations have
been overcome by the development of recombinant
protein technology, which also has enabled the design of
proteins with targeted properties.
As fibrous proteins have several cell and matrix
functional domains (Sweeney et al 2008) and have
excellent structural properties, they have been one of the
integral components of synthetic scaffolds for a long
time. However, sourcing of these proteins has imposed a
major limit on their clinical use and encouraged the
application of recombinant technology for their

production. There are several successful reports of
expression of proteins such as collagens (Wang et al
2008, Liu et al 2008), elastin (Jordan et al 2007, Sallach
et al 2009), and spider silk (Rabotyagova et al 2009,
Agapov et al 2009) in both prokaryotic and eukaryotic
systems. These recombinant proteins can serve as
invaluable safe and reproducible sources of structural
proteins for fabrication of tissue engineering scaffolds.
Although, these proteins naturally interact with both
cellular and extracellular components of many tissues,
their biological properties could be enhanced by further
functionalization with other bioactive molecules such as
growth factors or antibiotics. Functionalization is usually
achieved by physical or chemical immobilization of the
target molecules on the surface of the scaffold. However,
recombinant technology enabled engineering of fusion
proteins with bioactive properties and matrix binding
domains. This approach leads to superior functionaliza-
tion and higher stability of the product. The list of
published fusion proteins is long, but FGF-1-collagen
binding domain (Pang et al 2010) and VEGF-collagen
binding domain (Yan et al 2010) could be referred to as
prototype examples. Production of proteins containing
additional functional domains such as silk-RGD (Kambe
et al 2010), or production of antimicrobial peptides fused
with a matrix binding domain or a structural
protein (Gomes et al 2011) are other novel strategies to
enhance reparative properties of the synthetic matrices.
Additionally, fusion proteins could be designed for
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combining certain properties of different structural
proteins. For example, a fusion protein made of silk and
elastin (Qiu et al 2010) has been shown to possess the
tensile strength of silk and the durability and resilience
of elastin.

As it has been mentioned above, growth factors and
cytokines are a group of proteins with important applica-
tions in tissue engineering. However, as the half-lives of
these proteins are typically short, continuous or repeated
delivery, often in high dosages, is necessary to ensure
implementation of their desired action. This has been
addressed by manual or pump delivery or by incorpora-
tion into the scaffolds (as described above) and design of
a controlled release method. Manual or pump delivery,
either in vitro or in vivo, is far from being optimal. For
the controlled release, the applied chemistry may affect
the potency of the protein. Therefore, some local gene
therapy methods have been developed in order to use
genetically modified cells which secrete the protein in
question. Using transient or conditional transfection
methods, the cells could be engineered to secrete the
protein during a particular period of time. Although,
several organs were included in this methodology, much
of the work in this field has been performed for bone
healing (Tang et al 2008, Peterson et al 2005).

Studies on the two FDA-approved growth factor-based
bone substitutes INFUSE® (rhBMP-2, Medtronic,
Minneapolis, MN) and OP-1™ (rhBMP-7, Stryker
Biotech, Hopkinton, MA) have shown not only the
clinical efficacy, but also the economic values of these
products. For example, a detailed cost and benefit
analysis of the surgical application of INFUSE® in UK,
Germany and France has shown that despite the high
direct cost of this product, it leads to a high net cost
saving at the national level from a societal perspective.
The saving is due to improvements in indicators such as
return-to-work time, secondary interventions costs, and
the overall treatment costs (Alt et al 2009). Same results
are predicted for similar products. But, as the use of
recombinant proteins face several challenges, the cost of
development of these products is high. The main
challenges that should overcome for most recombinant
proteins are their short half-lives, development of
immune response against proteins of non-human origin,
and the need for post-translational modification of the
protein. These hurdles preclude many of the recombinant
proteins to be therapeutically effective and to clear
regulatory approvals for clinical applications. However,
there is a significant potential to address these hurdles
when local gene therapy is considered as the means for
delivery of recombinant proteins.

In conclusion, recombinant protein technology will
highly enrich the field of tissue engineering and bring it
closer to the clinical applications. Therefore, it is
recommended to integrate this technology, as an infra-

structural element, into any tissue engineering
program (Samadikuchaksaraei 2007, Samadikuchak-
saraei and Mousavizadeh 2008). The importance of such
a platform needs a special emphasis, as most tissue
engineering programs, in both developed and developing
countries, do not take advantage of this platform.

Ethical issues
No ethical issues to be declared.

Conflict of interests

No conflict of interest to be declared.

References

Agapov Il, pustovalova OL, Moisenovich MM, Bogush VG,
Sokolova OS, Sevastyanov VI et al. 2009. Three-dimensional
scaffold made from recombinant spider Silk protein for tissue
engineering. Dokl Biochem Biophys, 426127-30.

Alt V, Donell ST, Chhabra A, Bentley A, Eicher A and
Schnettler R. 2009. A health economic analysis of the use of
rhBMP-2 in Gustilo-Anderson grade Il open tibial fractures
for the UK, Germany and France. Injury, 40(12), 1269-75.

Gomes SC, Leonor 1B, Mano JF, Reis RL and Kaplan DL.
2011. Antimicrobial functionalized genetically engineered
spider silk. Biomaterials, 32(18), 4255-66.

Jordan SW, Haller CA, Sallach RE, Apkarian RP, Hanson SR
and Chaikof EL. 2007. The effect of a recombinant elastin-
mimetic coating of an ePTFE prosthesis on acute
thrombogenicity in a baboon arteriovenous shunt.
Biomaterials, 28(6), 1191-7.

Kambe Y, Yamamoto K, Kojima K, Tamada Y and Tomita N.
2010. Effects of RGDS sequence genetically interfused in the
silk fibroin light chain protein on chondrocyte adhesion and
cartilage synthesis. Biomaterials, 31(29), 7503-11.

Liu W, Merrett K, Griffith M, Fagerholm P, Dravida S, Heyne
B et al. 2008. Recombinant human collagen for tissue
engineered corneal substitutes. Biomaterials, 29(9), 1147-58.

Pang Y, Wang X, Ucuzian AA, Brey EM, Burgess WH, Jones
KJ et al. 2010. Local delivery of a collagen-binding FGF-1
chimera to smooth muscle cells in collagen scaffolds for
vascular tissue engineering. Biomaterials, 31(5), 878-85.

Peterson B, Zhang J, Iglesias R, Kabo M, Hedrick M, Benhaim
P et al. 2005. Healing of critically sized femoral defects, using
genetically modified mesenchymal stem cells from human
adipose tissue. Tissue Eng, 11(1-2), 120-9.

Qiu W, Huang Y, Teng W, Cohn CM, Cappello J and Wu X.
2010. Complete recombinant silk-elastinlike protein-based
tissue scaffold. Biomacromolecules, 11(12), 3219-27.

Rabotyagova OS, Cebe P and Kaplan DL. 2009. Self-assembly
of genetically engineered spider silk block copolymers.
Biomacromolecules, 10(2), 229-36.

124 | Biolmpacts, 2012, 2(3), 123-125

Copyright © 2011 by Tabriz University of Medical Sciences



Recombinant proteins: hopes for tissue engineering

Sallach RE, Conticello VP and Chaikof EL. 2009. Expression
of a recombinant elastin-like protein in pichia pastoris.
Biotechnol Prog, 25(6), 1810-8.

Samadikuchaksaraei A. 2007. Scientific and industrial status of
tissue engineering. Afr.J.Biotechnol., 6(25), 2897-29009.

Samadikuchaksaraei A and Mousavizadeh K. 2008. High-tech
biomedical research: lessons from Iran's experience. Biomed
Eng Online, 717.

Sweeney SM, Orgel JP, Fertala A, Mcauliffe JD, Turner KR,
DI Lullo GA et al. 2008. Candidate cell and matrix interaction
domains on the collagen fibril, the predominant protein of
vertebrates. J Biol Chem, 283(30), 21187-97.

Tang Y, Tang W, Lin Y, Long J, Wang H, Liu L et al. 2008.
Combination of bone tissue engineering and BMP-2 gene
transfection promotes bone healing in osteoporotic rats. Cell
Biol Int, 32(9), 1150-7.

Wang Y, Cui FZ, Hu K, Zhu XD and Fan DD. 2008. Bone
regeneration by wusing scaffold based on mineralized
recombinant collagen. J Biomed Mater Res B Appl Biomater,
86(1), 29-35.

Yan X, Chen B, Lin VY, Li Y, Xiao Z, Hou X et al. 2010.
Acceleration of diabetic wound healing by collagen-binding
vascular endothelial growth factor in diabetic rat model.
Diabetes Res Clin Pract, 90(1), 66-72.

Copyright © 2012 by Tabriz University of Medical Sciences

Biolmpacts, 2012, 2(3), 123-125

|125



