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‘Cell-based therapeutics has great
potential to treat both genetic and
acquired diseases.’

Cell-based therapeutics is one of the most rapidly
growing fields in translational medicine. It stands
at the intersection of a variety of rapidly develop-
ing disciplines, including biomaterials, transplan-
tation, tissue engineering and regeneration and
stem cell biology. Cell-based therapeutics has
great potential to treat both genetic and acquired
diseases [1]. Blood transfusions and bone marrow
transplantation are two typical examples of cell-
based therapeutics, however, recent advances in
cell and molecular biology have expanded the
potential applications of this approach. Geneti-
cally engineered cells can be used as therapeutics.
Cells are being used increasingly as drug-delivery
vehicles. Currently, stem cells are becoming rising
stars in cell-based therapeutics for tissue engineer-
ing and cell-replacement therapy because of their
pluripotency and self-renewal capability. There-
fore, molecular-level or nanoscale control over
performance of cells is envisioned for modern
cell-based therapeutics.

Nanomedicine is an offshoot of nanotechno-
logy and refers to highly specific medical inter-
vention at the molecular scale for curing diseases
or repairing tissues [2,3]. As a new interdisciplinary
field, it has drawn great interest in both academia
and industries. There are already several commer-
cialized products based on nanomedicine, includ-
ing drug delivery, diagnostics, imaging,
biomaterials and implants [21. Nanomedicines will
certainly have an important role in cell-based
therapeutics and thus have already been used suc-
cessfully for improved immunoprotection of
transplanted cells and tissues and for tissue regen-
eration, as discussed later. The application of nan-
otechnologies to cell-based therapeutics must
expand the area of nanomedicine.

Nanomaterials for immunoisolation

of cells & tissues

Cell/tissue transplantation is a typical example of
cell-based therapy. Immune attack by the host
immune system is one of the major challenges in
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cell transplantation. Immunoisolation of trans-
planted islets through semi-permeable mem-
branes is an attractive strategy to block the
infiltration of immune cells, such as leukocytes
and macrophages, to the transplantation site [4].
Nanosized structures and nanoporous materials
can be used for immunoisolation of cells and pan-
creatic islets. For example, cells could be placed
into chambers fabricated with bulk micromachin-
ing within single crystalline silicon wafers 5]. The
chambers interface with the surrounding biologi-
cal environment through polycrystalline silicon
filter membranes micromachined to present a
high density of uniform nanopores as small as
20 nm in diameter. Encapsulated rat pancreatic
cells receive nutrients and remain healthy for
weeks invitro but remain protected from the
immune system, which would normally attack
and reject foreign cells.

However, to protect islets from immune-
mediated destruction, camouflaging the surface
of islets at the molecular level shows promising
results for immunoisolation and immunoprotec-
tion. Two major approaches have been tried to
prevent immunogenic reactions of the cellular
surface. One is microencapsulation of the cells
and the other is surface modification of the cells.

Most immunoisolation strategies use micro-
capsules consisting of cells or cell clusters
entrapped within a spherical semi-permeable
membrane. Poly(vinyl alcohol) (PVA), poly(p,L-
lactide-co-glycolide) (PLGA), dimethylaminoe-
thyl methacrylate methyl methacrylate copoly-
mer, alginate with or without poly(L-lysine) (PLL)
and agarose have been used for the encapsulation
of islets. Microencapsulation of islets by the
PLL-alginate polymer complex is the most suc-
cessful example of this technology. The semi-per-
meable membrane permits nutrient flow and
oxygen transport but prevents immunogenic reac-
tions. However, this technology has several limita-
tions, including reduced life span of the cells
owing to polymer biodegradation, permeability of
the capsule, fragility and limited surface area.

The idea of molecular camouflage is through
the immobilization of polymer chains (normally
polyethylene glycol [PEG]) to the cell or tissue
surface, creating a molecular barrier of PEG that
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prevents molecular recognition between cell-
surface receptors and soluble ligands. Generally,
this has been accomplished through covalent
coupling of PEG to amines of cell-surface pro-
teins or carbohydrates or by direct insertion of
PEG-lipid conjugates into the cell membrane [s].
PEG is a hydrated, flexible polymer chain com-
prising highly mobile repeating units, which ena-
ble the polymer chain to act as a steric barrier on
the cell surface [71. PEGylation of islets [s] helps
maintain normoglycemia for more than 100 days
without any immunosuppressants, possibly
owing to prevention of graft infiltration by host
immune cells. However, the efficacy and stability
of PEGylation for immunoisolation might be
limited owing to the lack of a defined pore struc-
ture and dependence on a steric exclusion effect
to provide an immunoprotective barrier, as well
as the dynamic turn-over of the cell-surface
components [9].

‘Nanomedicine is an offshoot of
nanotechnology and refers to highly
specific medical intervention at the

molecular scale for curing diseases or
repairing tissues. As a new
interdisciplinary field, it has drawn
great interest in both academia
and industries.’

Alternatively, ultra-thin film build-up through
electrostatic layer-by-layer assembly is also partic-
ularly attractive for cell-coating applications [10].
Through this process, the negatively charged cell
membrane can be encased within a cationic poly-
meric shell; oppositely charged polymers can be
adsorbed subsequently to achieve a desired thick-
ness and surface composition. The thickness of
polyelectrolyte multilayers (usually 5-50 nm),
composition and number of layers will affect cap-
sule permeability. Encapsulation of islets with
three layers composed of phospholipid—PEG,
sodium alginate and PLL has been reported,
which did not impair the insulin-release function
in response to glucose stimulation [11]. Successful
encapsulation of stem cells with layers of PLL and
hyaluronic acid has also been reported [12).
Although the immunoisolation capacity of these
coating materials has not yet been demonstrated,
deposition of ultra-thin, multilayer films directly
on the surface of cells and tissues is a promising
approach for minimizing void volume while gen-
erating a true permselective membrane. Follow-
ing this trend, the successful clinical use of
immunoisolation will not be far way.
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Biomimetic materials for

tissue engineering

Tissue engineering, also called regenerative medi-
cine, is another example of cell-based therapy.
Stem and progenitor cells have the potential to
replace cells that are damaged or diseased and to
restore vital functions. Integration of basic and
translational research supports the development
of new cellular therapies. Although stem cells are
the key players in current tissue engineering,
issues pertaining to the maintenance and expan-
sion of the undifferentiated population in vitro
and to control directed differentiation in vitro as
well as in vivo are still not well addressed. Nano-
technology provides a promising opportunity for
tissue engineering. Extracellular matrix (ECM) is
the natural scaffold for cells, tissue and organ
growth. Native ECM does far more than just pro-
vide a physical support for cells. It also provides a
substrate with specific ligands for cell adhesion
and migration and regulates cellular proliferation
and function by providing various growth factors.
Therefore, it is reasonable to expect that an ECM-
mimicking tissue-engineered scaffold will have a
similar role to promote tissue regeneration in vitro
as native ECM does in vivo. Any scaffold material
must be able to interact with cells in three dimen-
sions and facilitate this communication. How-
ever, to mimic the structural features of natural
ECM might be the easiest step to start with for
developing scaffolds in tissue engineering.

A well-known feature of native ECM is the
nanoscaled dimensions of their physical struc-
ture. The structural ECM proteins, such as colla-
gen fibers and elastin fibers, range in diameter
from 50 to 500 nm. Other components in ECM,
such as adhesive proteins, including fibronectin
and laminin, which present specific binding sites
for cells, also exist as nanofibers. In addition, the
fibers, pores, ridges and grooves on the basement
membrane are all nanoscaled, from several to
more than 100 nm [13]. The topology of ECM
has an important role in cell behavior [14,15).
Therefore, one requirement for tissue engineering
scaffolds is the mimicry of nanoscale structure of
the ECM. However, there is still a design chal-
lenge to fabricate biomaterials that mimic ECM’s
3D structures with defined shapes and complex
porous architecture.

One typical example is nanofibers. Nanofib-
ers fabricated by self-assembly, phase separation
or electrospinning are promising candidates to
mimic natural ECM as scaffolds for tissue engi-
neering [16]. Both self-assembly and phase-sepa-
ration techniques have been used successfully to
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fabricate nanofibers for tissue engineering.
However, in comparison, currently, electro-
spinning is widely used by researchers because
of the simplicity, diversity and control over scaf-
fold geometries and mechanical characteristics,
the easy scaling-up property. Electrospinning is
applicable to many different polymers, even
though the diameters of electrospun fibers gen-
erally reside on the upper limits of the natural
ECM’s 50-500 nm range [16]. Both synthetic
polymers, such as poly(glycolic acid) (PGA),
poly(lactic acid) (PLA), polydioxanone, poly-
caprolactone (PCL) and their blends or
copolymers, and natural polymers of ECM
components, such as elastin and collagens, have
been exploited [16]. Further incorporation of
glycosaminoglycans (GAG) into an ECM ana-
log during electrospinning could potentially be
an important aspect in truly mimicking the
native ECM. GAGs serve a variety of functions,
including linking collagen structures and bind-
ing growth factors. The specific GAGs of
physiological and tissue engineering scaffolds
are hyaluronic acid, dermatan sulfate, chon-
droitin sulfate (most abundant GAG in tissues),
heparin, heparan sulfate and keratan sulfate.
Many different nanofibers support the adhe-
sion, proliferation and differentiation of adult
stem cells [17. A 3D construct made of a multi-
layer organization of nanofibers supported
human mesenchymal stem cell proliferation
[18]. After invivo implanting, the multilayer
scaffold was integrated fully with the surround-
ing tissues, having a cell density comparable
with the surrounding tissue; the engrafted
construct supported neovascularization, which
is imperative for the survival of any implant and
tissue [18]. Nanofiber scaffolds have found
themselves promising applications in engineer-
ing many different tissues, such as wound dress-
ing, skin, blood vessel, nerve, bone and
cartilage [19].

Further madifications of nanofibers have pro-
duced more functional scaffolds for tissue engi-
neering. Functionalizing nanofibers can be
achieved by several methods [19]: to make com-
posite nanofibers by direct electrospinning, sur-
face modification of nanofibrous scaffolds after
electrospinning or using a newly developed elec-
trospinning technology, coaxial electrospinning
technique. Coaxial electrospinning can produce
a core=shell structured composite fiber to fulfill
different application purposes, especially for
controlled growth factor or drug release in tissue
engineering. Coaxial electrospinning of aligned
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PCL nanofibers encapsulated with bovine serum
albumin and platelet-derived growth factor-BB
for controlled drug release was achieved [20].
These nanofibers can find potential use in tissue
engineering. Incorporation of different chemical
components into nanofibers can also be possi-
ble. For example, nanofibers of PEG-block-
PCL-block copolymers with end modification
of Arg-Gly-Asp (RGD) peptides helped the
adhesion and survival of fibroblasts [21]. Colla-
gen-coated nanofibers also enhance their per-
formance for fibroblasts (221 and neural stem
cells [23). However, whether post-chemical mod-
ifications on nanofibers affect the structures of
the nanofibers is not known yet.

‘Combination of the concepts of
nanomedicine and cell-based
therapeutics will definitely
boost the development of
cell-based therapeutics.’

Nanopatterning provides another technique
to present nanostructural and biological clues in
synthetic scaffolds, mimicking what native
ECM does to cells. In brief, it is to site-specifi-
cally immobilize biomolecules onto surfaces at
the nanoscaled level [24]. Patterning peptides,
which signal interaction between cells and
ECM, could lead to greater control over the
cell-biomaterial interface. It appreciates the sig-
nificance of the way that cells interact with their
surrounding biological clues in more details.
However, most of nanopatterning is carried out
with substrate materials, such as silicon, SiO,
and gold [24], which are not suitable for tissue
engineering. One recent study showed that
nanopatterning of RGD ligands on alginate
affects focal-adhesion kinase tyrosine 397
(Y397) phosphorylation, cell spreading and
osteogenic differentiation, independent of
RGD bulk density of MC3T3-E1 preosteob-
lasts [25]. In detail, the distribution of islands
throughout the alginate hydrogel, which meant
how closely spaced the islands were, was the
most significant pattern parameter. Closely
spaced islands favor FAK Y397 phosphorylation
and cell spreading, whereas widely spaced
islands favor differentiation.

Conclusion

Combination of the concepts of nanomedicine
and cell-based therapeutics will definitely boost
the development of cell-based therapeutics.
Cell-based therapeutics relies heavily on the new
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materials for delivering, maintaining and pro-
viding biological clues for cells. Mimicking the
biological microenvironments is the straight-
forward way for engineering tissues from stem
cells. Therefore, we can envision that synthetic
materials with controlled properties at the nano-
scaled level in combination with the incorpora-
tion of the molecular level of biological clues fit

these niches.
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