
Biomedical Materials      

EDITORIAL

Scaffold technologies for controlling cell behavior
in tissue engineering
To cite this article: Sang Jin Lee and Anthony Atala 2013 Biomed. Mater. 8 010201

 

View the article online for updates and enhancements.

You may also like
Focus on Cold Atoms in Optical Lattices
Immanuel Bloch and Peter Zoller

-

Frontiers in urethra regeneration: current
state and future perspective
Igor Vasyutin, Denis Butnaru, Alexey
Lyundup et al.

-

Controllable dual protein delivery through
electrospun fibrous scaffolds with different
hydrophilicities
Weijie Xu, Anthony Atala, James J Yoo et
al.

-

This content was downloaded from IP address 18.216.115.44 on 21/05/2024 at 16:52

https://doi.org/10.1088/1748-6041/8/1/010201
https://iopscience.iop.org/article/10.1088/1367-2630/8/8/E02
https://iopscience.iop.org/article/10.1088/1748-605X/ab99d2
https://iopscience.iop.org/article/10.1088/1748-605X/ab99d2
https://iopscience.iop.org/article/10.1088/1748-6041/8/1/014104
https://iopscience.iop.org/article/10.1088/1748-6041/8/1/014104
https://iopscience.iop.org/article/10.1088/1748-6041/8/1/014104
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvMdsqu9qNY02vg6q2Su-UqoABA7n0akag2ZtMvG6xq4fVzswBtFTAY-HSr-ZyUZ8f83sNdmor8CqCtH2ULCjfbgqMoLR7KYwyG-r-San0IQvlbT9383NsORvbvPugeSgmZDjrNae0DadeX9VXF4bGESA_I5fd6x9eGyDqZA4FryzZDtsENK8GLn-D7ZHf9PH1Z07juq3Oj2gWZMGbbcAOGbTcIh8FXOE3RCUwJMZkN3pwyMXDvO1INgfc6Fwnh1nuJZohdfTFj_hQt3O4pZHtwWYgpw37qL6Ui3_RqmdejNEENqpedqz4DPcTHP_7i-f3AztL7v9l0o87B0s_fC05OymgIOJ3A&sig=Cg0ArKJSzHj3WVuYYrsE&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.owlstonemedical.com/about/events/breath-biopsy-conference-2024/%3Futm_source%3Diop%26utm_medium%3Dad-lg%26utm_campaign%3Dbbcon-bbcon24-reg%26utm_term%3Diop-journal


IOP PUBLISHING BIOMEDICAL MATERIALS

Biomed. Mater. 8 (2013) 010201 (2pp) doi:10.1088/1748-6041/8/1/010201

EDITORIAL

Scaffold technologies for controlling cell
behavior in tissue engineering

Guest Editors

Sang Jin Lee and
Anthony Atala
Wake Forest Institute for
Regenerative Medicine,
Wake Forest School of
Medicine, Winston-Salem,
NC 27157, USA

Scientists in the field of tissue engineering are now applying the principles of cell biology,
material science and biomedical engineering to create biological substitutes that will restore
and maintain normal function in diseased and injured tissues/organs [1–3]. Tissue-engineered
scaffolds should (i) facilitate the localization and delivery of tissue-specific cells to precise
sites in the body, (ii) maintain a three-dimensional architecture that permits the formation of
new tissues, and (iii) guide the development of new tissues with appropriate function.
Moreover, it has been demonstrated that tissue morphogenesis is heavily influenced by the
interactions between cells and the extracellular matrix (ECM) during normal tissue
development. While simple polymeric scaffolds that have been used in the past provide
architectural support for neo-tissue development, they do not adequately mimic the complex
interactions between tissue-specific cells and the tissue-specific ECMs that promote
functional tissue regeneration. Thus, future advances in tissue engineering will depend on the
development of novel scaffolding systems that actively modulate cell behaviors for
functional tissue regeneration. In this regard, the present special issue describes the current
status of scaffold technologies in tissue engineering and regenerative medicine applications.

This special issue includes a range of review and original articles related to various
scaffolding technologies in tissue engineering. Oh and Lee review hydrophilization of
synthetic biodegradable polymeric scaffolds for improving cell/tissue compatibility [4]. This
technique has been considered as a simple and effective approach to achieve desirable
in vitro cell culture and in vivo tissue regeneration within the synthetic polymeric scaffolds.
Today, electrospinning has been widely used as a fabrication method to generate nanofibers
with a diameter range of several micrometers to 100 nm or less for various tissue
applications. Although many other scaffold fabrication technologies are used in tissue
engineering applications, few provide scaffolds with the critical similarities to natural ECM,
which electrospinning of nanofibers can provide. Electrospinning has become a popular
alternative fabrication method during the previous two decades, as it can be applied to many
disciplines and is a relatively simple and inexpensive scaffold fabrication process. Shin and
colleagues review the current approaches to the development of electrospun nanofibers as a
scaffold for tissue engineering application [5]. These electrospun scaffolds can also be
functionalized by adding biochemical and mechanical cues to enhance cellular interactions
for tissue engineering applications. Levorson et al describe their work with fabrication and
characterization of multi-scale electrospun scaffolds for cartilage regeneration [6]. These
scaffolds were able to maintain scaffold cellularity in serum-free conditions as well as aid the
deposition of glycosaminoglycans. Xu et al present a novel controllable dual protein delivery
system through electrospun fibrous scaffolds with different hydrophilicities [7].

Hydrogels can be used in injectable approaches to cell therapy and tissue engineering,
which offers several advantages. This approach can replace multiple surgeries with
minimally invasive injection procedures. However, the hydrogel-based biomaterials used in
these studies have been limited by low-dimensional stability and limited nutrient and oxygen
supply. To overcome these problems, Lee and colleagues developed injectable alginate
particle-embedded fibrin hydrogels for soft tissue reconstruction [8]. They demonstrate that
fibrin may enhance cell proliferation and accelerate the formation of ECM proteins in the
alginate–fibrin system, while the alginate particles could contribute to volume retention. This
injectable hybrid system composed of degradable and non-degradable hydrogels may be a
preferred approach to repair soft tissue defects.

In the absence of methods for de novo construction of a true ECM mimic from purified
components, such as collagen and elastin, decellularized tissue matrices are currently
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considered an ideal scaffolding system due to their structural and mechanical similarity to
native tissues and because they contain tissue-specific ECM proteins which remain after
decellularization. Yoo and colleagues review decellularization techniques and possible
methods for using these decellularized matrices for whole organ engineering [9]. Kim et al
developed a composite scaffold which is composed of collagen matrix derived from
decellularized porcine bladder submucosal matrix and synthetic poly(lactide-co-glycolide)
polymer [10]. This composite scaffold provides a microenvironment that can facilitate
osteogenic differentiation of amniotic fluid-derived stem cells. Also, Choi et al investigated
the interactions between the ECM environment and human corneal endothelial cells to
improve cell proliferation and function [11].

Lastly, biomedical imaging supports the development of enabling technologies including
real-time, non-invasive tools for assessing the function of engineered tissues and real-time
assays that monitor the interaction of cells and their environment at the molecular and
organelle level. For instance, implanted scaffolds eventually degrade and are replaced by
cells generating an essentially normal tissue over time. Thus, the rate of scaffold degradation
and ECM production by cells must be equivalent for successful outcomes. In order to avoid
these pitfalls, non-invasive optical imaging is currently being investigated for real-time
monitoring of in situ degradation of implanted scaffolds, as well as that of cellular behaviors,
using a combination of nanoparticles and tissue-engineered scaffolds. Owens et al developed
highly charged cyanine fluorophores for trafficking scaffold degradation [12], and they
continually developed near-infrared lipophilic fluorophores for tracing tissue growth [13].
These approaches will play a key role in monitoring the fate of implanted scaffolds and cells
in the body, which will be helpful in translating tissue engineering strategies to the clinic.
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