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ADULT STEM CELLS FOR TERM: SOURCES AND MANIPULATION

Ana Rita Costa-Pinto1,2

1- 3B’s Research Group - Biomaterials, Biodegradables and Biomimetics, University of
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2- ICVS/3B’s - PT Government Associate Laboratory, Braga/Guimarães, Portugal

The body comprises different types of progenitor cells (stem cells) capable of giving
rise to cells with more restricted developmental potential. Stem cells (SCs) occur as
unspecialized

cells,

lacking

tissue

specific

characteristics,

but

maintaining

undifferentiated phenotype until they are exposed to appropriate signals. SCs have
capacity for extensive self-renewal, and apparently maintain themselves throughout the
entire life of an organism. Under the influence of specific signals, SCs can differentiate
into specialized cells of different lineages. SCs include embryonic stem cells (ESCs),
isolated from the inner cell mass of the blastocyst [1], and mesenchymal stromal cells
(MSCs), isolated from fetal and adult tissues.
Adult MSCs are multipotent cells isolated from different tissues for example, adipose
tissue [2] and bone marrow, among others. These cells can also be isolated from extraembryonic tissues, including placenta, amniotic fluid, and umbilical cord [3].
The International Society for Cellular Therapy (ISCT) stated that MSCs are
characterized by: plastic adherence to tissue culture flasks; 95% of the MSC population
must express the surface markers CD105, CD73 and CD90 and lack expression of
CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA class II; Finally, the cells
must differentiate in vitro into osteoblasts, adipocytes and chondrocytes under standard
differentiating conditions [4]. Another important characteristic is the colony forming
unity fibroblasts (CFU-Fs) assays to assess the clonogenicity of MSCs i.e., the ability of
a cell to grow in a density-insensitive fashion [5].
Autologous approaches to use MSCs, namely from bone marrow, have difficulties
regarding the limited availability of cells from the patient. Cell expansion protocols are
based on the use of media supplemented with fetal bovine serum (FBS) as a source of
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nutrientes and growth factors. The animal serum is not completely safe, once there is a
possibility of contamination by animal viroses, prions or others contaminants and it is
described that FBS used systematically in MSCs subcultivation induces more humoral
immune response [6]. Platelet lysate (PL) has enormous possibilities in cell therapy,
namely because of the high concentration of growth factors that promotes higher cell
expansion, such as tissue regeneration [7].

References:
1. Conget PA, Minguell JJ. Phenotypical and functional properties of human bone
marrow mesenchymal progenitor cells. Journal of Cellular Physiology 1999; 181(1):6773.
2. Gimble JM, Guilak F. Adipose-derived adult stem cells: isolation, characterization,
and differentiation potential. Cytotherapy 2003; 5(5):362-369.
3. Secco M ZE, Vieira NM, Fogaça LL, Cerqueira A, Carvalho MD, Jazedje T,
Okamoto OK, Muotri AR, Zatz M. Mesenchymal stem cells from umbilical cord: do not
discard the cord! Neuromuscul Disord 2008; 18(1):17-18.
4. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause D, et al.
Minimal criteria for defining multipotent mesenchymal stromal cells. The International
Society for Cellular Therapy position statement. Cytotherapy 2006; 8(4):315-317.
5. Castro-Malaspina H, Gay R, Resnick G, Kapoor N, Meyers P, Chiarieri D, et al.
Characterization of human bone marrow fibroblast colony-forming cells (CFU-F) and
their progeny. Blood 1980; 56(2):289-301.
6. Bernardo ME, Avanzini MA, Ciccocioppo R, Perotti C, Cometa AM, Moretta A, et al.
Phenotypical/functional characterization of in vitro-expanded mesenchymal stromal
cells from patients with Crohn's disease. Cytotherapy 2009; 11(7):825-836.
7. Anitua E, Sanchez M, Orive G. Potential of endogenous regenerative technology for
in situ regenerative medicine. Advanced Drug Delivery Reviews 2010; 62(7):741-752.
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INDUCED PLURIPOTENT STEM (IPS) CELLS IN CARDIAC RESEARCH: WHERE
WE STARTED, WHERE WE ARE NOW AND WHERE WE ARE GOING?

Ana M. Martins1, 2, 3
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The first study reported by Yamanaka et al. (1) in 2006, showed that fully differentiated
somatic cells (e.g. fibroblasts) could be reprogrammed to generate cells similar to
embryonic stem (ES) cells with the introduction of four genes (Oct 3/4, Sox2, Klf4, and
c-Myc) expressing transcription factors through retroviral transduction. These cells
induced to embryonic-stem-cell-like cells are called induced pluripotent stem (iPS)
cells. The main advantages of iPS cells are the obvious edge of not having to be
derived from human embryos, and may also enable scientists to sidestep other
controversial methods, notably somatic cell nuclear transfer (cloning). Also, iPS cells
derived from the patient, and it allows the creation of cell lines that are genetically
customized to the same individual. There are no immunological compatibility problem,
circumventing the important issue of tissue rejection associated with transplantation
and allowing a patient-specific therapy (2). Several studies using iPS cells have been
shown to differentiate into cells of the cardiovascular lineages (3, 4), and no significant
differences in the characteristics of cardiomyocytes generated from ES cells or iPS
cells were found (5). Since iPS cells are obtained from patient’s own tissue represents
a unique and individual in vitro testing, opening a new era of “personalized medicine”.
Advances made in the generation of iPS cell-based therapies can serve as platform to
perform drug screenings with the aim of developing cell-based therapies against
cardiovascular diseases.
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VASCULARIZATION STRATEGIES IN REGENERATIVE MEDICINE
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A comprehensive network of blood vessels is responsible for the critical role of
transporting gases, nutrients and other molecules to and from most organs and tissues
in the human body. Without such a system, tissue thickness would be restricted to 100
- 200 µm, the diffusion limit of oxygen[1]. Blood vessel formation can occur by two
processes, de novo (vasculogenesis) and from preexisting vessels (angiogenesis).
During embryonic development, the first blood vessels form from progenitor cells
through vasculogenesis while angiogenesis is the main process responsible for postnatal vessel formation[2]. Any defect or problem affecting the blood supply to a given
organ (ischaemia) can result in cellular death and, ultimately, loss of function. It is
therefore of the utmost importance to develop adequate Regenerative Medicine
strategies to address such issues, both in the context of tissue regeneration in general
and in the context of tissue engineering. Recent approaches for the regeneration of
ischemic tissues are based on boosting endogenous angiogenesis by growth factor or
cell delivery. However, the lack of an adequate cell source [3] and the complexity of
growth factor response [4] pose great challenges necessary to be overcome. In the
case of tissue engineering applications, inadequate vascularization of the engineered
constructs lead to cell death at the bulk of the scaffolds, implant failure and, ultimately,
rejection[5]. The strategies researchers have used to deal with these issues often
involve the use of angiogenic growth factors and scaffold design to promote vessel
ingrowth[6], endothelial cells to prevascularize the constructs[7] and combinations of
both [8]. The pitfalls of such strategies are deeply related with inadequate cell type
used or limited control of growth factor delivery strategies[9]. Therefore, novel
strategies encompassing an adequate cell source for neo-vascularization as well as
7
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deeper knowledge regarding the controlled release of angiogenic factors will be
required for successful Regenerative Medicine and Tissue Engineering Strategies.
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POLYMERIC BIOMATERIALS FROM MARINE-ORIGIN
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Biomaterials can assume a pivotal role in diverse strategies aimed at restoring and
sustaining normal tissue function. In this context, they are usually incorporated and
conjugated with diverse factors into the design of medical structures. The choice of the
appropriate material to be used becomes critical, and can contribute to the holistic
failure of the intended structure in its final application. The library of available (raw)
biomaterials is vast and this choice is dictated by numerous requirements that need to
be addressed for the right control over the natural niche tissue environment.
In this regard, marine biological materials are being prized for their uniqueness. In fact,
marine-origin organisms (including vertebrates, invertebrates, plants, algae or bacteria)
can be regarded as a wealthy and considerably untapped reserve of valuable
molecules with special importance, which inspire their exploitation in a biomedical
context.
Diverse biopolymers and inorganic materials originating from various marine organisms
are establishing their value within this field [1][2]. Chitin and its derivative chitosan
[3][4], alginate [5], carrageenan [6] or ulvan [7] are remarkable examples. Marine origin
collagen [8] or glycosaminoglycans (sulphated or not) [9] are also the focus of intense
research. These can demonstrate the distinctiveness of the biological materials
originating from the sea, but represent only a fraction of the available materials.
The richness and availability of marine biological materials allied with sustainable
exploitation constitutes a highly attractive and strategic platform for the development of
novel biomaterials, both with socio-economic and environmental benefits.
Within the highly translational field of regenerative medicine, marine-origin biopolymers
are receiving considerable interest and we hypothesize and may foresee the significant
impact that these materials will have in this field and related applications.
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WHAT IS COMMON BETWEEN PINTAROLAS AND CELLS
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Similar to the Pintarolas the surface of virtually every living cell is decorated with a
layer of sugars called glycocalyx. Like the candy shell of Pintarolas, which preserves
the chocolate fillings from melting, the cellular glycocalyx keeps the cell entire - it has a
structural role. However, it also has other biological roles that are crucial for the
development, growth, function or survival of an organism: blood transfusion, virus
infections or cancer development are all related with the structure and quantity of the
sugars on the cell surface. Evidences that remodelling of glycocalyx is an integral part
of diseases progression have led to speculation that sugars can be used as key
diagnostic and prognostic indicators as well as therapeutic targets of interest. The
lecture will give brief overview on the recent developments and utility of different
biomedical tools based on the carbohydrates. Vaccines, arrays, biosensors, imaging
agents are some of the examples that are going to be presented and discussed during
the talk.

References
1.Varki A et al, Essentials of Glycobiology, Cold Spring Harbor Laboratory Press
(USA), 2nd edition.
2. Astronomo RD and Burton DR, Carbohydrate vaccines: developing sweet solutions
to sticky situations? Nat Rev Drug Discov (2010) 9: 308-324.
3. Fuster MM and Esko JD, The sweet and sour of cancer: Glycans as novel
therapeutic targets, Nat Rev Cancer (2005) 2:526-542
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NANOBIOMATERIALS IN TISSUE ENGINEERING
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Nanobiomaterials are defined as materials with building block size scales (e.g. grains,
particles, fibers, tubes, etc.) less than 100 nm. Nanomaterials possess numerous
unique properties such as large specific surface area, enhanced mechanical
properties, and exceptional magnetic, optical and electrical properties [1]. The herein
presented contributions comprise new nanobiomaterial designs to develop highly
functional scaffolds for TERM applications.
The fibrous nature of the natural extracellular matrix ECM has led researchers to focus
on the development of fiber-based scaffolds for Tissue Engineering and Regenerative
Medicine strategies. Electrospinning has emerged as a very promising technology
enabling to produce synthetic polymeric ultrafine fibers [2]. Despite the claimed
similarity to the morphology of natural ECM, the surface chemical properties of
electrospun nanofibers must be optimized for the intended application. It was shown
that defined plasma treatments enable improving the proliferation of different cell types
(fibroblastic, chondrogenic and osteogenic) when culture in the optimized surfaces [3].
The chemical and topographical properties of the scaffolds should provide an
appropriated environment for tissue development, allowing also for the incorporation of
biological signals to enhance tissue formation. Therefore, electrospun fibrous
structures were also proposed as drug release systems of an established osteogenic
differentiation agent (i.e. dexamethasone) of human bone marrow mesenchymal stem
cells (hBMSCs) [4]. The phenotypic and genotypic expression of osteoblastic markers
confirmed the osteogenic inducing potential of the loaded growth/differentiation factor.
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The complex ordered organization of the natural ECM is not usually well replicated in
the typical random alignment of electrospun structure. Therefore, complex ordered
microporous fibrous structure were developed, designated as patterned nanofiber
meshes, composed of both random/orthogonal and parallel/uniaxial aligned fibers [5].
Those patterned nanofiber meshes, not only induced hBMSCs guidance at the early
culture periods, but also influence the cell ECM deposition along the predefined fiber
direction.
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SHAPING BIOMATERIALS INTO POROUS 3D CONSTRUCTS
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One of the most important stages of tissue engineering is the design and development
of a porous 3D construct. Ideal scaffolds should be biocompatible, biodegradable and
promote cellular interactions and tissue development and possess proper mechanical
and physical properties. In terms of morphological properties the scaffolds should
present high porosity, with interconnected and adequate mean pore size for cell growth
and proliferation and vascularisation. A variety of different processing techniques have
been developed and include fibre bonding, freeze drying, solvent casting and particle
leaching, wet spinning, particle aggregation, electrospinning, 3D potting and
supercritical fluid technology among others.[1-3] The choice of the most suitable
polymer processing technique depends greatly on the characteristics of the polymer
itself, particularly their solubility in aqueous or organic solutions and their thermal
properties as these will ultimately determine the feasibility to successfully produce
matrices with the desired features.[4] The emerging next generation of engineered
structures requires the incorporation of bioactive molecules able to create an
environment for cellular function, for example proliferation and differentiation factors or
to interact with the contact tissues, such as anti-inflammatory agents or antibiotics.[5]
Processing thermosensitive bioactive compounds requires, however, the use of mild
processing conditions and the reduction of the amount of organic solvents used. This
presents an increase challenge in materials processing for tissue engineering and
regenerative medicine. The integration of different technologies could provide
interesting developments in shaping biomaterials into 3D porous constructs, opening a
wide range of opportunities for the preparation of enhanced materials as structural
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supports for tissue development. In this communication the major advantages and
limitations of different processing technologies will be presented and the perspectives
of future applications will be discussed.
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SHAPING BIOMATERIALS INTO SPHERICAL OBJECTS
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The aim of cell encapsulation technique is to physically isolate a cell mass from an
outside environment within the confines of a membrane. The membrane is engineered
to have a selective permeability, by controlling the exchange of nutrients, oxygen,
metabolites and waste products, while avoiding the entrance of high molecular weight
immune system components, such as immunoglobulins and immune cells [1].
Particularly, polymeric multilayer capsules (PMLCs) produced by the layer-by-layer
(LbL) technique have emerged as a promising source of transplantable materials for
bioencapsulation strategies [2]. This method is based on the sequential adsorption of
layers of oppositely charged macromolecules onto a sacrificial template. Subsequently,
the sacrificial core can be dissolved or eliminated originating liquified or hollow
capsules, respectively. This powerful assembly process allows tailoring the size,
morphology, and membrane thickness of capsules, and also their composition,
permeability, and surface functionality. Capsules have been widely used particularly in
cell encapsulation systems, but also have found great applicability in drug delivery or
screening systems, biosensors, catalysis, reactors, immunoisolation, and medical
image due to their versatile wall functions, capability to load active substances, and
unique permeability [3-6]. Recently, we reported the production of liquified capsules
featuring (i) an external LbL membrane, and encapsulating (ii) surface functionalized
poly(L-lactic acid) microparticles [7,8]. We hypothesize that, while the liquified
environment enhances the diffusion of essential molecules for cell survival,
microparticles dispersed in the liquified core of capsules provide the physical support
required for cellular functions of anchorage-dependent cells. Results show that
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capsules containing microparticles revealed an enhanced biological outcome in cell
metabolic activity and proliferation, suggesting their potential to boost the development
of innovative biomaterials designs for bioencapsulation systems and tissue engineering
products.
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The achievement of the effective regeneration of injured tissues is the ultimate goal of
tissue engineering (TE). Research in this field has been mainly based in trial/error logic
and usually a low number of conditions are tested in each study. However, the
complete understanding of the therapeutic potential of a given system requires the full
study of all possible combinations as each of them lead to unpredictable results. The
large number of combinations of biomaterials, cells and other stimuli that can be varied
during a TE system development make this area especially resource spending. Highthroughput methods play an important role in the streamline of such studies [1, 2].
A cytocompatible chip consisting of superhydrophobic surfaces patterned with wettable
regions was showed to be suitable to study different aspects of TE product
development. Firstly, the wettability contrast of these platforms was used to pattern
different types of nanoparticles and study their bioactivity [3]. Proteins were also
patterned in the hydrophilic spots and 2D cells-proteins interactions were studied
individually [4]. As 3D milieus were proved to be more similar to native tissues, the
platforms were used to perform combinatorial studies of both cells-3D hydrogels [5]
and cells-porous scaffolds interactions [6]. Growth factors and other biomolecules play
an important role in TE approaches, mainly for determining stem cell fate. Their
presence as well as their delivery rate from biomaterials may determine the success of
a tissue regeneration approach. A new application for these chips was developed in
order to evaluate biomolecules’ release profiles from biomaterials using microscopy
and image analysis methods [7].
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We believe that the proposed uses for the superhydrophobic chip are a promising
breakthrough in integrated technologies for the rapid development of TE systems.
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Unlike fish, amphibia and even mammalial peripheral nerves, human central nervous
system (CNS) axons have a very limited regeneration capability and do not
spontaneously re-grow if lesioned. After damage or disruption, for instance caused by
brain/ spinal cord injury (SCI) or stroke, a cascade of cellular and biochemical reactions
occurs around the lesion site that creates a harsh environment for axons to regenerate.
Immune and glial cells around the injury are also responsible for the production of
molecules that restrain the axon re-growth, such as myelin associated inhibitors and
chondroitin sulfate proteoglycans. Additionally, astrocytes and fibroblasts contribute to
the formation of a scar around the damaged tissue that physically blocks axon repair.
Thus, and in view of the latest findings it is imperative to block these inhibitory
reactions and induce a more adequate environment for tissue repair and regeneration.
In our lab, we are currently developing biomaterial-based strategies to repair the
injured CNS, focusing on spinal cord. The absence of effective therapies in SCI repair
is in part due to its extreme complexity, but also to the lack of efficiency and targeting
of the existing drugs. In order to target the detrimental cellular responses that follow the
injury in a more specific and sustained manner, we developed a nanoparticle-based
drug delivery system intended to target glial cells and modulate the inflammatory
processes in SCI. Poly/(amido)amine (PAMAM) dendrimer nanoparticles grafted with
carboxymethylchitosan (CMCht) were loaded with the anti-inflammatory corticosteroid
methylprednisolone. The nanoparticles were shown to be internalized by glial cells
without affecting its metabolic viability, while releasing the drug in a sustained and
prolonged manner. Nanoparticle administration in spinal cord injured rats induced
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improved recovery in these animals, suggesting that nanoparticles can limit the
damage extent and contribute to nerve repair/ sparing.
We believe that strategies such as this, intending to minimize the secondary events
that follow nervous injury can be an opportunity for successful treatments in CNS tissue
repair.
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Dysfunctional healing has been associated to lifelong disability, causing pain and the
formation of non-functional skin. Hence, the route to skin regeneration is an important
concern in the tissue engineering (TE) field, especially for massive skin loss cases
where current treatments are yet not capable of leading to a satisfying tissue response
and to a permanent outcome (1).
Skin analogues have the longest clinical applicability history, but the idea of perfect
skin grafts turned out to be unrealistic (2) and major hurdles such as slow preparation
time, high production costs, immunogenicity issues, lack of appendages, variable
engraftment rates and consequently delayed vascularisation, are still of foremost
concern (3). Despite these limitations, Skin TE strategies remain as the strongest
alternative to commonly used skin grafting, offering the possibility of off-the-shelf
availability and the option of producing cell-based constructs in sufficient quantities
capable of responding to the full biological signaling complexity, as well as providing
environmental cues to attain permanent wound closure.
Current

state

of

the art,

exploring

stem

cells

potential

and

the

healing

microenvironment/matrix, is indicative of skin substitute’s defective signals to induce
skin regeneration (4). Stem cells act either by direct or indirect signalling through
paracrine interactions (5) or transdifferentiation (6-9), privileging an integrated and
orchestrated remodelling, while the extracellular matrix (ECM) dynamics during wound
healing is also seen as a determinant factor in the presentation of cues for tissue
morphogenesis, accurately leading regeneration (10). We have been exploring novel
routes to target skin regeneration problematic taking advantage of powerful tools such
as 3D hydrogels and cellular key players, such as stem cells and endothelial cells,
circumventing the prolonged cell culture period. Improved cell-compatible
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polyssacharide-based

spongy-like

hydrogels

promoted

a

superior

neo-tissue

vascularization and its assemblage with microvascular endothelial and stem cells,
synergized to improve skin wound healing.
Thus, this complex interplay between ECM, cells and growth factors, within a particular
3D environment, where a supported and dynamic healing interaction occurs, leads to a
new era of skin regeneration, rather than the traditional replacement.
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Articular cartilage is a very specialized tissue with outstanding load-bearing capacity.
It consists mainly of a dense extracellular matrix (ECM) with chondrocytes embedded
on it. Cartilage has very low capacity of self-repair and regeneration after traumatic,
degenerative or inflammatory injury. Current available surgical treatments for cartilage
repair present several drawbacks, such as possible implant rejection or infection, or the
need for revision after some years of implantation. Autologous chondrocyte
implantation (ACI) is an autologous therapy that was proposed as a basis for tissue
engineering strategies to repair cartilage (1). Modifications on various aspects of this
surgical technique have been developed, comprising the use of natural-based scaffolds
as supports for chondrocyte expansion (2).
Many strategies and systems have been developed along the years for cartilage
regeneration and repair. Scaffolds play a major role in those strategies, as they provide
the support for cell growth and to promote extracellular matrix production. Both natural
based (3) or synthetic scaffolds (4) have been successfully used as supports for
chondrogenic differentiation or cartilage-like tissue production.
The interest in cells cross-talk and communication has been growing in the past
years, revealing that signalling pathways are pivotal elements when understanding the
tissue formation and its repair mechanisms (5). Chondrocytes release morphogenetic
signals that influence the surrounding cells, for example, stem cells, to differentiate into
the chondrogenic lineage (5). In fact, the increased cartilage formation on co-cultures
using stem cells and articular chondrocytes has been reported (6). Therefore, the study
of co-cultures using chondrocytes and undifferentiated cells is a very promising
strategy to develop engineered cartilage.
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Degeneration of intervertebral disc (IVD) seems to be one of the main causes
associated to lower back pain (LBP), one of the most common painful conditions that
lead to work absenteeism, medical visits, and hospitalization in actual society [1,2].
This complex fibro-cartilaginous structure is composed by two structures, an outer
multilayer fiber structure (annulus fibrosus, AF) and a gel-like inner core (nucleus
pulposus, NP), which are sandwiched in part between two cartilage endplates (CEP)
[1]. Existing conservative and surgical treatments for LBP are directed to pain relief and
do not adequately restore disc structure and mechanical function [2]. In the last years,
several studies have been focusing on the development of tissue engineering (TE)
approaches aiming to substitute/regenerate the AF or NP, or both by developing an
artificial disc that could be implanted in the body thus replacing the damaged disc [3].
TE strategies aiming to regenerate NP tissue often rely on the use of natural hydrogels,
due to the number of advantages that these highly hydrated networks can offer.
Nevertheless, several of the hydrogel systems developed still present numerous
problems, such as variability of production, and inappropriate mechanical and
degradation behaviour. Recently, our group has proposed the use of gellan gum (GG)
and its derivatives, namely the ionic- and photo-crosslinked methacrylated gellan gum
(GG-MA) hydrogels, as potential injectable scaffolds for IVD regeneration [4,5]. Work
has been conducted regarding the improvement of GG mechanical properties either by
chemically modifying the polymer (allowing to better control in situ gelation and
hydrogel stability) [4] or by reinforcing it with biocompatible and biodegradable GG
microparticles (enabling the control of degradation rate and cell distribution) [5].
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Another strategy currently under investigation relies on the development of a biphasic
scaffold that mimics the total disc by using a reverse engineering approach.
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Tendons are connective tissues that usually connect muscle to bone and are capable
of withstanding tension, and passively modulate forces during locomotion.
Tendons are highly prone to injury and the intrinsic hypo-cellularity and hypovascularity make their natural healing extremely slow and inefficient when severely
damaged[1]. Surgical repair with grafts is common but unsuccessful in a long-term
basis. The development of tissue engineering strategies proposes to explore for
alternative solutions to grafting with potential for tendon regeneration applications[1].
To progress in development of functional approaches, it is critical to understand how
tendon resident cells interact with the natural micro-environment under nonpathological conditions[2]. Also, with tendon-specific markers to be identified,
tenogenesis and the process of tendon regeneration have been barely explored.
Following a cellular-based strategy, we studied resident cells isolated from tendon and
ligament tissues during arthoplastic surgeries to the knee. Nevertheless, tendonresident cells are scarce as tendons are hypocellular tissues. To overcome this
limitation we proposed a natural endogenous system for tissue maintenance and
neotissue formation based on stem cells[3]. Stem cell potential towards the tenogenic
phenotype was assessed and results interpreted with basis on the results obtained for
tendon resident cells.
In severe tissue injuries, cells alone may have limited regenerative ability due to the
lack of structural support to promote gradual load transfer and extracellular deposition.
Envisioning this critical issue, we designed a bioengineered strategy combining cells
with tendon customized scaffolds. Focusing on the naturally parallel orientated fibers of
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native tendons, fibrous scaffolds were developed with an aligned orientation using
different processing methodologies, and cultured with cells. Ongoing studies suggest
that the biomimetic scaffolding contributes to modulate cellular behavior aimed at
tendon-related strategies.
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