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1. INTRODUCTION

Every living cell is affected by the surrounding microen-
vironment [1]. Cell microenvironment is driven by biophysi-
cal and biochemical factors, including the extracellular ma-
trix (ECM) nano/microscale topography [2-4] and composi-
tion [5], as well as soluble factors both resulting from cell-
ECM and cell-cell signaling [6], that directly or indirectly
affect cellular conditions.

Upon aging, injury or disease, tissue repair/regeneration
demands the precise orchestration of complex signaling cas-
cades to coordinate the replacement/improvement of the
lost/damaged tissues, as well as their physiological roles [7].
The precise coordination of those signals perceived by the
cells is essential for the successful regeneration of tissues
[8]. Thus, physical, chemical, and biochemical recapitulation
of ECM microenvironment is a fundamental aspect of tissue
engineering aiming to direct and control cell behavior in
three-dimensional (3D) scaffolds with multiple dimension
ranges [9]. Langer and Vacanti defined tissue engineering,
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in 1993, as “an interdisciplinary field of research that applies
the principles of engineering and life sciences towards the
development of biological substitutes that restore, maintain,
or improve tissue function” [10]. The main elements required
to engineer tissues are the cells, the materials used to design
the 3D biodegradable supporting structures, and the signal-
ing molecules. Considerable efforts to design artificial matri-
ces have evolved from simple 3D supporting scaffold to
more complex tissue-like microenvironments. Both biologi-
cally-derived and synthetic materials have been extensively
exploited to produce a wide range of scaffolds, whose prop-
erties determine the ultimate cellular response [11]. In gen-
eral, materials from natural sources present advantages over
synthetic, mainly due to their inherent biologically recog-
nized features, such as presentation of cell receptor-binding
ligands and vulnerability to cell-triggered proteolytic degra-
dation [12]. The recapitulation of cellular microenvironment
remains nevertheless one of the major challenges in TE,
given the complexity of cell-ECM interactions as well as
multicellular architectural features such as repeating tissue
units and proper vascular structure [13]. In recent years, the
combination of those 3D structures with signaling molecules
known to be involved in different cellular processes such as

activation, proliferation, migration, and differentiation, has
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been in focus aiming at further targeting specific healing
events [14]. Among the most studied molecules are multi-
functional proteins like growth factors or cytokines.

Biotechnology was defined as “the application of science
and technology to living organisms, as well as parts, prod-
ucts and models thereof, to alter living or non-living materi-
als for the production of knowledge, goods and services”
[15]. Biotechnology has evolved over the years, developing
new tools, including recombinant, fermentation and/or ge-
netic engineering technologies that address current tissue
engineering issues. Moreover, the field of pharmaceutical
biotechnology represents one of the most rapidly advancing
areas of science. Today, the shape and vision of pharmaceu-
tical aspects and challenges are much more demanding, ei-
ther by the necessity of new signaling molecules [16], or of
improved vehicles to enhance efficacy and effectiveness.

The crosstalk between tissue engineering and pharmaceu-
tical biotechnology has led to major improvements both in
tissue regeneration and drug discovery (Fig. 1). Pharmaceu-
tical biotechnology is contributing, at the physical and bio-
chemical levels, to the development of new strategies to en-
gineer cellular microenvironments. In fact, the need to create
materials that closely mimic the native ECM biochemistry
urged for recombinant and fermentation technologies. Pro-
teins are major cellular and extracellular players in native
tissues [17] thus, the pursuing of tissue regeneration driven
by protein-derived scaffolds or spatial and temporal control
release of relevant signaling molecules is being more and
more relevant. Tissue-engineered constructs made of bio-
technology-derived materials have been given important
insights into cellular gene expression and behavior when in
the presence of specific genetic sequences. In opposition,
more complex, reliable and accurate 3D tissue-/ike structures
are expected to be provided by tissue engineers to improve
drug discovery. Through tissue engineering, superior 3D in
vitro models are being developed, which allow better and
faster drug screening. In a different strategy, cell behavior
has been manipulated, either as a therapeutic tool or as part
of drug screening platforms, by means of gene delivery.

In this review, a critical overview of the recent achieve-
ments and approaches that highlight the interplay between
the tissue engineering and pharmaceutical biotechnology
fields is provided. The use of biotechnology-derived materi-
als to generate 3D tissue-analogues and their major break-
throughs in tissue regeneration and drug discovery is dis-
cussed. Moreover, the crosstalk between tissue engineering
and pharmaceutical biotechnology is also stressed by dis-
cussing how the outcomes of tissue engineering approaches
have been enhanced through the use of biotechnology-
derived signaling molecules. The interplay between these
areas is also emphasized by discussing the gene deliv-
ery/therapy as another cross point.

2. PHARMACEUTICAL BIOTECHNOLOGY IN TIS-
SUE ENGINEERING: FROM REPAIR TO REGEN-
ERATION

2.1. Biotechnology-Derived Materials to Engineer the
ECM

Native tissues comprise a 3D viscoelastic milieu - ECM,
within which cells interact constantly, and which guides their

development or homeostasis. Under suitable conditions, cells
are able to remodel their immediate microenvironment and
form functional tissue units [18]. Thus, one of the most im-
portant ambitions in designing support structures for tissue
engineering is the importance of mimicking the natural tissue
microenvironment. The tissue engineering “biomimetic”
approach combines biological principles with engineering
design, to direct metabolically active cells in 3D artificial
matrices that, in response to environmental signals, gradually
form tissue-/ike structures [19, 20]. The development of
these matrices has generated knowledge that allows tissue
engineers, selectively and modularly, refining their materials
in view of providing an appropriate environment that dictate
and guide tissue regeneration.
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Fig. (1). The Crosstalk between tissue engineering and pharmaceu-
tical biotechnology.

Biotechnology tools such as recombinant technologies
and fermentation offered a mean to engineer new and modi-
fied molecules. Recombinant technology has enabled the
development of proteins by the introduction of tailored syn-
thetic genes into the genetic sequence of microorganisms
[21, 22]. Recombinant technologies, bacterial and non-
bacterial transformation or phage introduction have been
widely explored. However, each one of them presents cons
and pros, complexity of gene design, as well as high cost and
time-consumption [21] are among the most common limita-
tions, while the superior structural complexity and function-
alization, as well as high stability of the obtained protein-
based polymers has been of particular interest for tissue en-
gineering. Thus, the symbiosis of biotechnology and bioma-
terials has set the stage for systematic advances in tissue en-
gineering [10, 23, 24]. Examples of recombinant proteins
include collagen, silk, silk-elastin like proteins (SELPs). Fur-
thermore, much effort has been devoted to the development



of cost-effective and environmentally friendly production
processes by exploring cheaper fermentation products, such as
gellan gum (GG) and polyhydroxyalkanoates (PHAs) [25].

Collagen has inspired tissue engineers and the design of
biomaterials since it primarily regulates and defines most
tissues. Common sources of collagen for tissue engineering
applications include bovine skin and tendons, porcine skin
and rat-tail, among others [26-28]. The development of re-
combinant collagens provides the promise of a safe, predict-
able and chemically defined source [29, 30], identical in
composition for different production lots [30], while over-
coming the variability of the native tissue-based sources
[31]. Recombinant collagens produced by yeast Pichia pas-
toris, is currently the most used strategy for effective com-
mercial production [32]. Like collagen, recombinant silk
proteins have been used in a variety of tissue engineering
applications, particularly due to the outstanding mechanical
toughness of silk fibers associated to their crystalline units
[33-36]. The crystalline region of silk fibroins contains re-
petitive alanine or alanine—glycine rich sequences, which
have been used as the basis for genetically engineer silk fi-
broin-like polymers in host systems like Escherichia coli
[37], yeast [38], mammalian cells [39], and plants [40, 41].
Another example of a genetically engineered protein is
elastin, which is found in tissues/organs where elasticity is of
major importance [42-44]. Escherichia coli has typically
been the expression system of choice for elastin production
[45], but expression systems using plants [46] and Pichia
pastoris [47] have also been effective. A major advantage of
recombinant technology is that the variation of the peptide
combinations allows the design of polypeptides with a range
of different biological and physical properties. For example,
SELPs composed of amino acid sequence motifs from Bom-
byx mori (silkworm) silk and mammalian elastin [48] com-
bine the high tensile strength of silk with the resilience of
elastin [49, 50].
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GG is a polysaccharide derived from the microbial fer-
mentation product of Sphingomonas elodea [51], which re-
peat unit resembles the glycosaminoglycans present in the
native ECM (Fig. 2A) [52, 53]. Its versatile features have
lead tissue engineers to purpose it for a wide range of appli-
cations [54-58]. PHAs produced by fermentation using im-
proved bacterial strains, such as Cupriavidus necator, several
species of Pseudomonas, Bacillus, Azotobacter and also re-
combinant Escherichia coli [59], have also been intensively
investigated as a family of natural-origin materials for tissue
engineering (Fig. 2B) [60]. The possibility of tuning their
degradation profile by varying the bacterial source and fer-
mentation conditions [61], their intrinsic piezoelectric nature,
a featured exhibited in the majority of the living tissues [62],
as well as its by-products, including D-3-hydroxybutyric
acid, a normal constituent of human blood [63], are some of
the PHAS properties relevant for tissue engineering.

2.1.1. ECM-Like 3D Structures

Hydrogels are 3D cross-linked hydrophilic polymeric
networks with a high water content, facilitating free diffusion
of oxygen, nutrients and growth factors, that partially mimic
the physical characteristics of many native soft ECM [13, 64,
65]. Although hydrogels became the biomaterials of choice
for artificial ECM recreation, hydrogels formed by those
biotechnology-derived materials are still poorly explored. In
2010, Pulkkinen ef al. proposed the use of human recombi-
nant type II collagen (thCII) for cartilage tissue regeneration,
being incited by previous in vitro results [66]. The rhCII-
chondrocytes construct led to subcutaneous neotissue forma-
tion with an abundant presence of type I and type II collagen,
and proteoglycans [67], but further studies are required to
infer about the potential of this strategy to regenerate fully
functional articular cartilage. Despite the properties of
SELPs, hydrogels encapsulating human bone marrow-
derived mesenchymal stem cells (BM-MSCs) were shown to
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Fig. (2). Chemical structure of two bacteria fermentation derived polymers, (A) gellan gum and (B) polyhydroxyalkanoates. These can be
processed using different methodologies to obtain 3D porous scaffolding structures relevant for tissue engineering applications.



support their chondrogenic differentiation and the deposition
of cartilage-specific matrix in vitro only in the presence of
transforming growth factor beta 3 (TGF-B3) [68]. Interest-
ingly, among the described biotechnology-derived materials,
GG hydrogels have been the most explored and shown to be
a suitable platform to support and/or deliver cells in different
TE applications [54-58]. Injectable GG hydrogels were ini-
tially aimed at cartilage regeneration. Human chondrocytes
were shown to remain viable when encapsulated in GG hy-
drogels [54] and exhibited an upregulation of type II colla-
gen and aggrecan, as well as downregulation of type I colla-
gen when subcutaneously implanted in nude mice [69]. Later
on, similar evidences were also observed after injecting GG
hydrogels encapsulating pre-differentiated rabbit adipose
stem cells (ASCs) into full-thickness knee cartilage defects
in rabbits [70]. An improved processing methodology al-
lowed attaining GG-based spongy-l/ike hydrogels that depict
features of both sponges and hydrogels, but superior physical
properties in relation to the hydrogels and potentiated cell-
ECM-like interactions [71]. GG/hyaluronic acid (GG-HA)
spongy-like hydrogels entrapping human dermal/epidermal
cell fractions directly from isolation, although not capable of
sustaining the self-organization of the entrapped cells in the
respective skin layers, were able to accelerate full-thickness
mice wound closure rate and re-epithelialization, as well as
tissue neovascularization at early stages of wound healing
[56]. Likewise, synergized with cells obtained from adipose
tissue, ASCs and microvascular endothelial cells (ECs), to
promote superior skin wound neovascularization [57]. Re-
cently, GG spongy-like hydrogels reinforced with bioactive-
glass were proposed for bone tissue engineering [58]. This
first assessment allowed confirming that hASCs were able to
adhere and spread within GG spongy-like hydrogels rein-
forced with the bioactive glass without compromising its vi-
ability.

In addition to the ECM biochemical features, tissue engi-
neers have also been focusing on emulating ECM topogra-
phy as well as the structural diversity of each tissue using
biotechnology-derived materials. The nanosized and fibrilar
nature of ECM components has been widely mimicked with
electrospun nanofibers. Despite the wide exploitation of the
electrospinning method in the field of tissue engineering, its
processing particularities have limited its use with the major-
ity of the biotechnology-derived materials [72, 73]. Zonari et
al. proposed electrospun polyhydroxybutyrate (PHB) and its
copolymer poly-3-hydroxybutyrate-co-3-hydroxyvalerate
(PHBV) fiber meshes (diameters ranging 300 nm to 1.3 pm)
to promote bone regeneration. Considering the required neo-
tissue vascularization during bone regeneration, the devel-
oped structures were evaluated as supports for hASCs as
well as their differentiation into the endothelial lineage [74].
A similar approach was adopted envisioning the regeneration
of the myelinic membrane [75]. Different formulations based
on electrospun PHB/PHBV fiber meshes with or without
type I collagen were proposed to sustain Schwann cell (SCs)
organization and function. SCs grown on aligned PHB/
PHBV/collagen fibers exhibited a bipolar morphology and
an orientation along the fiber direction, while SCs grown on
the randomly oriented fibers presented multipolar morphol-
ogy. Thus, aligned PHB/PHBYV electrospun nanofibers pro-
vided a positive environment for SCs growth, which, to-

gether with the collagen, can contribute to improved cell
phenotype and nerve tissue engineering. In a different ap-
proach PHBV bilayer microscale constructs were proposed
aiming at mimicking the bilayer skin structure [76]. The in-
dependently designed structures depicted properties that re-
spectively favored human dermal fibroblasts and human
keratinocytes (hKC) performance under heterotypic culture
conditions that led to the particular rearrangement of hKC
(Fig. 3C). As in native tissue, proliferative cells were present
in the basal layer, and cells expressing a terminal differentia-
tion marker in the upper layer.

2.2. Release of Relevant Signaling Molecules

Aiming at achieving full tissue regeneration, and a
functionality equivalent to the native tissue, exogenous
instructive signaling molecules have been widely used to
recreate, at the spatial and temporal levels, the specificities
of the regenerative pathway and ultimately the native
microenvironments [14]. Numerous families of growth
factors have already been identified and remarkable
progresses have been made in understanding the pathways
involved in the activation/regulation of regenerative
processes [77]. Though, long is the path to be crossed to
meet the precise mechanisms by which signaling molecules
gradients lead tissue formation and development.

Explosive developments in recombinant technology have
spawned the production of different proteins, including
growth and differentiation factors. Moreover, drug delivery,
a field of pharmaceutical technology, is one of the most
rapidly advancing areas that combined with biotechnology
techniques is a driving force not only of modern drug
discovery but also of advanced therapies. In fact, the
identification and production of relevant recombinant growth
factors have generated much enthusiasm and numerous
clinical trials, but the results of many of these trials have
been largely disappointing [78—80]. The outcomes revealed
limited clinical benefit, which can be related to both the
mode of delivery and the requirement for multiple signals at
different times [81]. Thus, the exogenous administration of
signaling molecules has demonstrated that novel drug
delivery systems are necessary to more accurately achieve
specific spatial and temporal delivery control. So far, growth
factors-based therapies that are currently approved by the US
Food and Drug Administration use some form of delivery
system to instigate the activity, as well as recruitment of
undifferentiated host progenitor cells. Examples of such
delivery systems include INFUSE™ Bone Graft/LT-CAGE™
(Medtronic, USA) a collagen sponge impregnated with
human recombinant bone morphogenetic protein (BMP)-2
for the treatment of bone fractures and for replacement of
certain interbody %)inal fusion procedures [82, 83].
Osteogenic Protein-1" is also indicated for the treatment of
bone fractures and is composed of BMP-7/collagen paste
from Stryker Biotech (Hopkinton, MA, USA) [84], whilst
REGRANEX® Gel (OMJ Pharmaceuticals, Puerto Rico),
human recombinant platelet-derived growth factor (PDGF)
sequestered in a hydrogel is approved for the treatment of
diabetic foot ulcers [85]. These further strengthen the notion
that the spatiotemporal control of growth factor delivery is
important for the clinical success of growth factors as
regenerative therapeutics [86].



Fig. (3). Bacteria fermentation derived polymers as part of the tissue engineering triad. (A) signalling molecules loaded poly-3-
hydroxybutyrate-co-3-hydroxyvalerate particles embedded in gellan gum hydrogel; (B) human dermal fibroblasts entrapped in gellan gum
spongy-like hydrogel; (C) human keratinocytes organized on a poly-3-hydroxybutyrate-co-3-hydroxyvalerate membrane to target (D) fully

functional skin regeneration.

Various approaches, to deliver a therapeutic substance to
the target site, in a sustained and controlled release fashion,
have been addressed for an equally wide range of tissue
engineering applications. The random incorporation of BMP-2
in an alginate gel, used to increase the MSCs seeding
efficiency in b-tricalcium phosphate structures and allow for
its sustained release, resulted in greatest osteocalcin and
osteoid deposition thus potentiating bone formation in an
ectopic model [87]. Likewise, a combined action of PDGF-
BB and canine ASCs incorporated in an heparin/fibrin-based
gel embedding a poly(lactic-co-glycolic acid) (PLGA)
nanofiber mat [88] lead to clinically relevant tendon healing
in dogs. In a different perspective, TGF-1 was tethered to
poly (ethylene glycol) norbornene hydrogels to locally
influence and promote cartilage matrix production by co-
encapsulated chondrocytes and MSCs over a short period
[89]. In opposition to the random incorporation of growth
factors that aimed at controlled/sustained release, the
chemical conjugation of the growth factors to the support
polymeric structure allows overcoming the limitation of
uncontrolled displacement that can be associated with the
first approach. Nonetheless, short biological half-life in vivo,
and vulnerability to structure disruption or hydrolyzation,
leading to loss of bioactivity are issues to which both
strategies are associated. In this sense, the exploitation of
particulate systems that provide protection from enzymatic
degradation and hydrolysis has been considered advantageous
[90]. Thus, the incorporation of these particulate systems
into 3D  scaffolds has been  hinted [91-93].
Oligo(poly(ethylene glycol) fumarate) hydrogels containing
TGF-B3-loaded gelatin microparticles and rabbit marrow

MSCs were used to fabricate the chondrogenic layer of an
osteochondral construct. While at the chrondogenic layer,
TGF-B3 proved to highly stimulate chondrogenic differentiation
of MSCs, its effect over the osteogenic layer comprising pre-
differentiated osteogenic cells, encapsulated in the same gel
without the particles, resulted in delayed mineralization [91].
The potential feasibility of using a Neuregulin-1-loaded
PLGA particles scaffold combined with ASCs for cardiac
regeneration after myocardial infarction was evaluated [93].
Nonetheless, this work represents a proof-of-concept and
further studies are needed to effectively assess the
therapeutic potential of this growth factor to guide cardiac
regeneration. In another embodiment, the combination of TGF-
B3-loaded alginate microspheres and human MSCs in HA
hydrogels, aimed at cartilage regeneration showed improved
cartilage-/ike matrix deposition [92]. However, significant
calcification was observed after 8 weeks of subcutaneous
implantation. The requirement for the coupling of a
parathyroid hormone-related protein to reduce calcification
was demonstrated, which seems to further reinforce the need
for a more complex signaling.

Although the sequential release of growth factors taking
advantage of different release kinetics has proven beneficial
it is still weakly explored in tissue regeneration. A dual
release, with different kinetics, of vascular endothelial
growth factor (VEGF) and monocyte chemotatic protein-1
from alginate microparticles embedded in a collagen/
fibronectin hydrogel was proposed in order to respectively
improve the survival of transplanted ECs and to induce
mural cell recruitment [94]. Increased functional vessel
formation from transplanted ECs and a higher number of



smooth muscle cell-invested vessels after subcutaneous im-
plantation confirmed the posed hypothesis. In a different
approach neurotrophin-3 and PDGF were incorporated in a
fibrin hydrogel containing an heparin-binding delivery
system to increase mouse embryonic stem cell-derived
neural progenitor cell (ESNPCs) survival and direct their
differentiation Johnson and co-workers [95, 96]. This
approach enhanced the total number of ESNPCs present in
the spinal cord lesion 2 weeks after injury, as well as the
number of ESNPC-derived neurons. Polyelectrolyte multilayer
(PEM) films consisting of poly(b-amino ester)/polyanion/
growth factor/polyanion were proposed to deliver recombinant
human BMP-2 and recombinant human VEGFes,
incorporated in amounts linearly proportional to the number
of layers [97]. The BMP-2/VEGF 45 PEM films were shown,
in comparison to BMP-2-loaded films, to increase in 33%
the mineral density of ectopic bone formed de novo with a
higher trabecular thickness. Additionally, bone formed
throughout the scaffold when both growth factors were
added, which suggesting more complete remodeling owing
to an increased local vascular network.

2.3. Delivery of Genes to Modulate Cellular Behavior

Gene therapy strategies attempt to control cellular behav-
ior through an ‘‘inside-out’’ approach by directly delivering
nucleic acid molecules (i.e. DNA, siRNA, miRNA, and an-
tisense oligonucleotides) into cells to trigger or stall gene
expression [98, 99]. Thus, these nucleic acids can be consid-
ered a “super pharmaceutical” due to its potential to alter cell
function for an extended period of time in relation to more
established therapeutic agents [100]. Under the tissue engi-
neering context, the introduction of exogenous genes inside
cells has shown the ability to control several cellular events,
including apoptosis, proliferation, migration, differentiation,
cell-cell and cell-matrix interactions, as well as the secretion
of relevant growth factors and cytokines [101]. Likewise, the
endogenous production of signaling molecules can be trig-
gered upon the delivery of specific genes, and then main-
tained in a tailored manner for specific periods of time. On
the other hand, oligomeric genetic material, such as siRNA
or microRNA, has been used to control the target activity
inhibiting undesirable mRNA expression and/or protein syn-
thesis.

The advantages of using transfected cells to target tissue
formation or maintenance/survival of transplanted cells have
been confirmed in different reports. Stably transfected rat
MSCs with BMP-2 and basic fibroblast growth factor
(bFGF)-encoding plasmids carried in cationic liposomes,
showed improved proliferation and osteogenic differentiation
in vitro and promoted faster and more active ectopic bone
formation with high capillary density in vivo [102]. PLGA
nanoparticles loaded with proangiogenic microRNA-132
were able to enhance growth factors-induced proliferation
and migration of transfected human umbilical vein endothe-
lial cells (HUVECs) that resulted in increased number of
microvessels upon transplantation into immunodeficient
mice [103], thus comprising a safe and efficient strategy to
improve EC transplantation and vascularization.

From a different perspective, cell-selectivity and vector
localization has been addressed by incorporating genetic

material within engineered scaffolds to transiently express
encoded proteins from infiltrating cells, the gene activated
matrix (GAM) technology [104]. In general, GAM systems
comprise DNA condensation with cationic transfection rea-
gents such as polycations and liposomes, followed by DNA
polyplex encapsulation into or onto the scaffolds, which
upon implantation is released from the matrix to transfect the
host cells and thereby trigger the desired effect [105, 106].
Acting as a localized storage of genes, GAM systems can
maintain an elevated concentration of DNA within the cellu-
lar microenvironment and achieve localized and sustained
transgene expression. Recently, poly (caprolactone-co-
ethylene) nanofibers containing complexes of siRNA im-
planted in rats were shown to lead to thinner fibrous capsule
formation than plain nanofibers [107]. Similarly,
trimetylchitosan (TMC)/TGF-B-siRNA complexes were
doped onto collagen-chitosan/silicone bilayer membranes
seeded with human dermal fibroblasts forming a dermal
equivalent [108]. Cells were able to internalize the
TMC/TGF-B-siRNA and to induce a constant inhibition of
TGF-B1 expression in vitro and in vivo, downregulating the
levels of scar-related factors during the healing of pig full-
thickness skin wounds. In addition to preventing/suppressing
some undesirable signaling, GAMs have also been proposed
to promote tissue formation. Pre-osteoblasts encapsulated in
alginate hydrogel containing nanoparticles of calcium
phosphate—-DNA encoding for BMP-2 exhibited improved
capacity to ectopically form bone-/ike tissue in mice [109].
Likewise, Runx2 or Osterix-transfected ASCs-PLGA hybrid
scaffolds promoted ectopic bone formation in nude mice
after 6 weeks of in vivo implantation [110].

3. TISSUE ENGINEERING IN PHARMACEUTICAL
BIOTECHNOLOGY: FROM 2D TO 3D IN VITRO
MODELS

3.1. Drug Screening in Two Dimensions

Pharmaceutical industry has continuously strived to find
new, safer and more efficacious drugs for unmet clinical
needs, while also meeting commercial objectives. According
to the US Food and Drug Administration, it takes, on aver-
age, 12-15 years for an experimental drug to progress from
bench to market [111]. The expected cost of developing a
drug is estimated at $2.6 billion per new molecular entity
that enters in clinical trials [112], which reflects high failure
rate.

In general, the process of generating new drugs compre-
hends two stages: drug discovery and drug development.
Drug discovery typically investigates interactions between a
lead biomolecule and a target [113], whilst the development
stage includes clinical trials, manufacturing and product life-
cycle management [114]. A lead biomolecule is obtained
after early in vitro screening of toxicity and efficacy of many
similar compounds using specific cell lines, and further
evaluated for efficacy and safety in animal studies.

Although recognized as highly reproducible and reliable
conditions, in vitro screening using standard two-dimensional
(2D) culture platforms do not assist high-throughput (HT)
analysis, which significantly delays and adds significant
costs to the all process. Miniaturized cell-based assays with
HT capability have been gradually integrated as part of drug
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discovery at the earlier stage of screening [115]. Examples of
such systems include a multilayer elastomeric microfluidic
cell-based HT platform that enables the simultaneous toxic-
ity evaluation of different molecules at different concentra-
tions using various cell types, namely murine embryonic
fibroblasts, HeLa cells and bovine ECs [116]. An improved
platform combining a microfluidic endothelial-/ike barrier
with mass transport properties resembling the liver acinus
and primary human hepatocytes was used to assess the hepa-
toxicity of diclofenac [117]. Recently, the simultaneous tox-
icity screening and drug absorption evaluation was validated,
using methotrexate as a model drug, in an integrated system
with two functional parts composed by liver hepatocellular
carcinoma and human epithelial colorectal adenocarcinoma

cell lines [118].

The need to study different cell interactions to address
the biological complexity behind cell-cell, cell-ECM signal-
ing and tissue morphogenesis and regeneration, have also led
tissue engineers to focus on miniaturized HT screening
(HTS) systems. Some of these platforms are also explored to
predict drugs toxicity and effectiveness [119]. The toxic ef-
fect of many drugs in a target tissue often depends on its
metabolization by another tissue, in particular the liver. In
such situations, the independent tests of a drug on two cell
lines would not necessarily reveal any toxicity. The devel-
opment of a microsystem with interconnected channels and
chambers was proposed to address this limitation, each of
which containing different cell types representative of a par-
ticular tissue [120]. This on-chip system was used to evalu-
ate the toxicity of naphthalene in an integrated system com-
prising liver, lung and fat cell lines contained in each cham-
ber in order to assess their interplay. A similar approach was
followed by Mabhler and co-workers, to evaluate the transport
of acetaminophen by liver, kidney, fat, and bone marrow
cells independently grown in five communicating compart-
ments allowing a more accurate prediction of the toxicity

121]. Analogous designs were further used for screening
and optimizing combinatorial drug treatments for cancer
therapy [122, 123]. The platform comprises a multidrug re-
sistant (MDR) variant of uterine cancer cell line plus three
others in different chambers representing the liver, bone mar-
row and uterine cancer allowed predicting the combination
of drugs that may be advantageous in vivo by specifically
targeting MDR cancer with acceptable side-effects [122].
Likewise, a device with 64 individually addressable cell cul-
ture chambers in which cells can be cultured and exposed
either sequentially or simultaneously to 64 pairwise concen-
tration combinations of two drugs allowed detecting the syn-
ergy between different sensitizer drugs and apoptotic agents
used in cancer treatments [123].

Stem cells are a major element in tissue engineering and
pivotal players not only in tissue regeneration but also in
many pathological events. Thus, a 3120 minicompartmented
chambers, recently proposed to monitor mesenchymal cell
migration, represents an outstanding tool to screen anti-
metastatic drugs that specifically inhibit mesenchymal mi-
gration [124]. So far, nine small-molecule compounds
known for their ability to inhibit specific chemokines,
growth factors, and kinases related to breast cancer metasta-
sis were screened. Moreover, an HTS device with an array of
chronic myeloid leukemia stem/progenitor cells was proved

suitable to study chemo-resistance mechanisms against drugs
such as dasatinib [125].

3.2. Engineering Three-dimensional Models for Drug
Screening

Cells are accustomed to a 3D network environment of
cell-cell and cell-ECM communication. These cellular set-
tings are lost in monolayer cultures, and create a gap be-
tween in vitro cell-based assays and in vivo animal studies
during drug development [126, 127]. Culture of tissue ex-
plants arises as a method to reduce this gap, exhibiting the
appropriate cellular phenotype and 3D network environment
of the pretended modeled tissue. For now, it seems that these
3D ex vivo models might be the most reliable approach,
however drawbacks such as availability, poor tissue viability,
and inconsistency due to high variability are present [128].

Cellular spheroids, essentially cell aggregates that can be
manufactured as standardized “living materials”, constitute
the firstly developed 3D structures that better mimic natural
cell arrangement within a tissue. From the tissue engi-
neers/cancer biologists point of view, interested in studying
specific cellular interactions, spheroids faithfully mimic the
tumor microenvironment; after reaching a critical diameter,
they are composed by an outer proliferating zone, an inner
quiescent zone, and a central necrotic core. From the drug
development perspective, spheroids recreate the mass trans-
port limitations that an active pharmaceutical ingredient and
carrier system are likely to encounter in vivo [129]. Thus,
these generated 3D models have been further explored as a
tool for drug development. A tumor spheroid model assem-
bled as a HT platform composed by breast carcinoma cells
allowed to screen a focused library of marine natural prod-
ucts and the identification of four drug candidates to target
metastatic breast cancer [130]. In another approach, monkey
kidney fibroblasts, murine embryonic stem cells, and human
epithelial carcinoma cells spheroids were assembled into a
HT system to screen two drugs with different modes of ac-
tion, the anti-proliferative 5-fluorouracil and the hypoxia
activated drug tirapazamine [131]. 3D spheroids-based HTS
systems have been also applied to define appropriate chemo-
therapy schemes as effective drug sensitivity test platform to
support individualized treatments. A 3D microfluidic HTS
platform, which enable the generation of gradient concentra-
tions of any drug, and comprising spheroids formed by lung
cancer and stromal cell lines allowed to accurately screen
appropriate-dose, single and combined-drug chemotherapy
schemes for eight patients [132]. In a step further, a micro-
fluidic device containing heterotypic spheroids of HUVECs
and hepatocellular carcinoma cells was developed aiming at
closely mimic vascularized liver as a way to improve the
reliability of the screening of chemotherapeutic drugs [133].

A major barrier in the use of 3D spheroid models for HT
drug screening has been the standardization of the structures
and the reproducibility of the methodologies used to create
the spheroids [134, 135]. Gelatin microparticles were intro-
duced as artificial supports for the formation of 3D cellular
aggregates in a sophisticated multi-channel 3D microfluidic
system that attempted to represent multiple organs [136]
in a similar concept to the use of spheroids for drug screen-
ing [132]. However, apart from this system, no further
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developments have been reported. Tissue engineers have
contributed to the evolution of constructs from simple and
random 3D cell-containing supports to tissue-/ike structures
that can be used as a valuable tool in the field of drug dis-
covery and pharmaceutical research. Tough, so far, the
miniaturization of those tissue analogues has been hampering
their use and the efforts have moved toward the development
of physiologically relevant 3D microenvironments without
much thought to tissues architectural features [137-140].
Hydrogel-based systems have been adopted mainly due to
facilitated free diffusion of oxygen, nutrients and growth
factors, characteristic of native ECM. A 3D microfluidic HT
system based on human neural stem cell encapsulated within
alginate hydrogels was validated, using a control drug (aceta-
minophen), for assessing the toxicity of neurotoxicants
(cadmium chloride, retinoic acid and dexamethasone) and an
antiproliferative anti-cancer agent (5-fluorouracil) [141].
Mouse embryonic stem cells derived cardiomyocytes-based
embedded within collagen/fibrin hydrogel were also assem-
bled into a HT platform aiming to assess the effect of differ-
ent compounds over cell contraction and beating frequency
[142]. Cell pharmacological responses were evaluated using
digoxin and isoproterenol, which showed typical toxicity in
the case of digoxin and undesired inotropical reactions when
the cells were exposed to isoproterenol.

4. CONCLUDING REMARKS AND FUTURE DIREC-
TIONS

When the human body fails to regenerate, tissue engi-
neers can stand up and define the most suitable strategy by
combining its main players to restore and/or improve tissue
functions. The need for a suitable 3D structure that is bioin-
structive is mandatory. So far, the mimicking of the natural
ECM is seen as the most promising approach to achieve this
requirement. However, both materials and processing meth-
odologies limitations have constrained the attainment of the
native ECM biochemical, mechanical and morphologi-
cal/architectural features as a whole. The combination of
biotechnology and materials science within genetic engineer-
ing has driven the improvement of biotechnology-derived
biomaterials. By enhancing the expression of biological
components in nature and further modify or bioengineer
them, holds the potential to develop multifunctional biomate-
rial systems, including the generation of new protein se-
quences, new self-assembling peptides or fusions of different
bioactive domains or protein motifs.

So far tissue engineers have not learned to mimic com-
plex architectures, as vascular networks, which are essential
for natural tissue function. Advances on methods to produce
artificial structures, such as 3D printing have led to evolve
from a simple supporting scaffold to a more complex and
native tissue-/ike structure. Furthermore, the combination of
smart materials that possess time-sensitive mechanisms may
provide paths forward, by mimicking endogenous biome-
chanical a biochemical stimulus to encrypt biomolecular
signals that govern regeneration.

Despite those promises, the lack of biological cues to
effectively regulate cellular behavior and consequently tissue
regeneration is often an issue. Signaling molecules, secreted

either by exogenous or endogenous cells are critical to
modulate the healing environment and consequently the out-
come of the strategy. The discovery of naturally occurring
molecules and respective mechanisms of action can further
help in the reproduction, by tissue engineers, of tissue
formation. Developments on recombinant technology have
spawned the area of biotechnology of growth and
differentiation factors. The administration of multiple growth
factors in a timely mode has been recognized as requirement
to maximize their potential towards tissue regeneration.
Nonetheless, the ideal combination and/or gradients that
better guide tissue regeneration is still to be unraveled.
Moreover, key challenges associated with short half-lives,
denaturation prior release, displacement and rapid body-
clearance are yet recognized. A biotechnological approach
using fusion proteins that preserve the active domains of the
growth factors to stimulate regenerative cells, as well as
containing matrix-specific binding motifs to promote cell-
ECM-like interactions, offers an exciting addition to the
current arsenal of growth factor-based therapies for tissue
regeneration.

From a different perspective, the combination of gene
therapy and tissue engineering strategies by directly deliver
nucleic acid molecules that from inside the cells control in
situ the cellular microenvironment also constitutes a promis-
ing approach to lead tissue regeneration. To date, the
majority of these approaches has taken advantage of particu-
late systems to intracellularly deliver the genetic material of
interest as an attempt to tackle some of the limitations
commonly associated to the delivery of other molecules.
Interestingly, the coupling of the genetic material with tis-
sue-engineered matrices - GAMs - has been showing supe-
rior results for different tissue engineering applications.
Whether the upregulation of the expression of a specific gene
expression or the modulation of a particular signaling path-
way through interfering molecules should be considered
when designing gene therapy strategies certainly depends on
the pathophysiology of the tissue to be regenerated.

Understanding and control all these components would
provide tissue engineers the capability to overcome clinical
challenges as well as to develop technologies for high fidel-
ity tissue models to serve as drug screening platforms. The
miniaturization of cell-based assays promises to have a pro-
found impact on HTS of signaling molecules by minimizing
the consumption of reagents and cells. Besides, HTS have
evolved from simple cell on-chip to integrated systems that
better predict the drug effectiveness and toxicity towards
surrounding tissues, being largely catalyzed by the advances
observed in tissue engineering. To achieve routine adoption
of HT cellular microscale platforms, future directions will
most certainly be focused on HT methods for the study of
cellular microenvironments and growth conditions in 3D
tissue-/ike environments. Improved cellular microarrays have
been attained by embedding sensing elements alongside the
cell culture for local detection of secreted cellular products.
Rapid prototyping technologies that have shown promise
outcomes in reproducing tissue-engineered constructs with
native-structural fidelity are also expected to improve exis-
tent HTS, mainly to surpass the miniaturization problem.
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Personalized drug screening has also gained more atten-
tion as the future of drug discovery, due to the well-known
differences between individual patients. In this sense, more
accurate evaluation is expected to enhance drug efficacy
with reduced toxicity by simply developing patient on-chip.
Accordingly, the developments of these organs-on-chips
technologies aspire towards a major breakthrough in person-
alized drug screening.

LIST OF ABBREVIATIONS

ASCs = Adipose Stem Cells

bFGF = Basic Fibroblast Growth Factor

BM-MSCs = Bone Marrow-derived Mesenchymal Stem
Cells

BMP = Bone Morphogenetic Protein

2D = Two-Dimensional

3D = Three-Dimensional

ECM = Extracellular Matrix

ECs = Endothelial Cells

ESNPCs = Embryonic Stem Cell-Derived Neural
Progenitor Cells

GAM = Gene Activated Matrix

GG = Gellan Gum

GG-HA = Gellan Gum/Hyaluronic Acid

hKC = Human Keratinocytes

HT = High-Throughput

HTS = High-Throughput Screening

HUVECs = Human Umbilical Vein Endothelial Cells

MDR = Multidrug Resistant

PDGF = Platelet-Derived Growth Factor

PEM = Polyelectrolyte Multilayer

PHAs = Polyhydroxyalkanoates

PHB = Polyhydroxybutyrate

PHBV = Poly-3-Hydroxybutyrate-co-3-
Hydroxyvalerate

PLGA = Poly(Lactic-co-Glycolic Acid)

rhCII = Human Recombinant Type II Collagen

SCs = Schwann Cells

SELPs = Silk-Elastin Like Proteins

TGF-B3 = Transforming Growth Factor Beta 3

™C = Trimetylchitosan

VEGF = Vascular Endothelial Growth Factor

CONFLICT OF INTEREST

The authors confirm that this article content has no con-
flicts of interest.

ACKNOWLEDGEMENTS OF FUNDING

We would like to acknowledge “RL1 — ABMR -
NORTE-01-0124-FEDER-000020” co-financed by North
Portugal Regional Operational Programme (ON.2 — O Novo
Norte), under the National Strategic Reference Framework
(NSRF), through the European Regional Development Fund
(ERDF), and to BIOTERFACE (M-ERA.NET/0003/2012).
The authors would also like to thank Mariana Cerqueira,
PhD, Alessandra Zonari, PhD, and Lucilia da Silva, MSc, for
the provided images.

REFERENCES

[1] Frantz, C.; Stewart, K.M.; Weaver ,V.M. The extracellular matrix
at a glance. J. Cell Sci., 2010, 123(24), 4195-4200.

[2] Discher, D.E.; Janmey, P.; Wang, Y-L. Tissue cells feel and
respond to the stiffness of their substrate. Science, 2005,
310(5751), 1139-1143.

[3] Nelson, C.M.; Vanduijn, M.M.; Inman, J.L.; Fletcher, D.A;
Bissell, M.J. Tissue geometry determines sites of mammary
branching morphogenesis in organotypic cultures. Science, 2006,
314(5797), 298-300.

[4] Mori, H.; Gjorevski, N.; Inman, J.L.; Bissell, M.J.; Nelson, C.M.
Self-organization of engineered epithelial tubules by differential
cellular motility. Proc. Natl. Acad Sci. USA, 2009, 106(35), 14890-
14895.

[5] Discher, D.E.; Mooney, D.J.; Zandstra, P.W. Growth factors,
matrices, and forces combine and control stem cells. Science, 2009,
324(5935), 1673-1677.

[6] Moore, K.A.; Lemischka, I.R. Stem cells and their niches. Science,
2006, 311(5769), 1880-1885.

[7] Rennert, R.C.; Sorkin, M.; Garg, R.K.; Gurtner, G.C. Stem cell
recruitment after injury: lessons for regenerative medicine. Regen.
Med., 2012, 7(6), 833-850.

[8] Perbal, B. Communication is the key. Cell Commun. Signal., 2003,
1(3), 1-4.

[9] Barthes, J.; Ozgelik, H.; Hindié, M.; Ndreu-Halili, A.; Hasan, A.;
Vrana, N.E. Cell Microenvironment engineering and monitoring
for tissue engineering and regenerative medicine: the recent
advances. Biomed. Res. Int., 2014, 2014, 921905.

[10] Langer, R.; Vacanti, J.P. Tissue Engineering. Science, 1993,
260(5110), 920-926.

[11] Dhandayuthapani, B.; Yoshida, Y.; Maekawa, T.; Kumar, D.S.
Polymeric scaffolds in tissue engineering application: A review.
Int. J. Polym. Sci., 2011, 2011, 290602.

[12] Lutolf, M.P.; Hubbell, J.A. Synthetic biomaterials as instructive
extracellular microenvironments for morphogenesis in tissue
engineering. Nat. Biotechnol., 2005, 23(1), 47-55.

[13] Geckil, H.; Xu, F.; Zhang, X.; Moon, S.; Demirci, U. Engineering
hydrogels as extracellular matrix mimics. Nanomedicine, 2010,
5(3): 469-484.

[14] Chen, F.M.; Zhang, M.; Wu, Z.F. Toward delivery of multiple
growth factors in tissue engineering. Biomaterials, 2010, 30, 6279-
308.

[15] OECD. Definition of Biotechnology. http://www.oecd.org/sti/biotech/
statisticaldefinitionofbiotechnology.html. (Accessed Jan 23; 2015).

[16] Petrova, E. In: Innovation and Marketing in the Pharmaceutical
Industry; Min Ding, Jehoshua Eliashberg, Stefan Stremersch, Eds.;
Springer: New York, 2014, pp. 19-81.

[17] Farajollahi, M.M,; Hamzehlou, S.; Mehdipour, A.;
Samadikuchaksaraei, A. Recombinant proteins: hopes for tissue
engineering. Biolmpacts, 2012, 2(3), 123-125.

[18] Blitterswijk, C.; Moroni, L.; Rouwkema, J.; Siddappa, R.; Sohier,
J.; Blitterswijk, C.; Moroni, L.; Rouwkema, J.; Siddappa, R.;
Sohier, J. In: Tissue Engineering; Clemens van Blitterswijk, Peter
Thomsen, Anders Lindahl, Jeffrey Hubbell, David F. Williams,
Ranieri Cancedda, Joost D. de Bruijn and Jérdome Sohier, Eds.;
Academic Press: USA, 2008, pp. xiii-Xxxxvi.

[19] Vincent, J.F.V.; Bogatyreva, O.A.; Bogatyrev, N.R.; Bowyer, A.;
Pahl, A-K. Biomimetics: its practice and theory. J. R. Soc.
Interface, 2006, 3(9), 471-482.

[20] Antonietti, M.; Fratzl, P. Biomimetic principles in polymer and
material science. Macromol. Chem. Phys., 2010, 211(2), 166-170.


https://www.researchgate.net/publication/42581043_Biomimetic_Principles_in_Polymer_and_Material_Science?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/42581043_Biomimetic_Principles_in_Polymer_and_Material_Science?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26766535_Self-organization_of_engineered_epithelial_tubules_by_differential_cellular_motility?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/profile/Alessandra_Zonari?el=1_x_11&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/profile/Mariana_Cerqueira?el=1_x_11&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/profile/Lucilia_Silva2?el=1_x_11&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==

[22]
[23]
[24]
[25]
[26]

[27]

Rodriguez-Cabello, J.C.; Martin, L.; Alonso, M.; Arias, F.J.;
Testera, A.M. “Recombinamers” as advanced materials for the
post-oil age. Polymer, 2009, 50(22), 5159-5169.

Gavanji, S. Application of recombinant DNA technology- A re-
view. App. Sci. Report, 2013, 2(2), 29-31.

Reddi, A.H. Bone and cartilage differentiation. Curr. Opin. Genet.
Dev., 1994, 4,737-44.

Hubbell, J.A. Biomaterials in tissue engineering. Biotechnology,
1995, 13(6), 565-576.

Oner, E.T. In: Pretreatment Techniques for Biofuels and
Biorefineries; Zhen Fhang, Ed.; Springer: Berlin, 2013, pp. 35-56.
Patterson, J.; Martino, M.M.; Hubbell, J.A. Biomimetic materials in
tissue engineering. Mater. Today, 2010, 13(1-2): 14-22.
Parenteau-Bareil, R.; Gauvin, R.; Berthod, F. Collagen-based
biomaterials for tissue engineering applications. Materials, 2010,
3(3), 1863-1887.

An, B.; Kaplan, D.L.; Brodsky, B. Engineered recombinant
bacterial collagen as an alternative collagen-based biomaterial for
tissue engineering. Front. Chem., 2014, 2(40), 1-5.

Olsen, D.; Yang, C.; Bodo, M.; Chang, R.; Leigh, S.; Baez, J.;
Carmichaela, D.; Perala, M.; Hamalainenet E-R.; Jarvinenb, M.;
Polarek, J. Recombinant collagen and gelatin for drug delivery.
Adv. Drug Deliv. Rev.,2003, 55, 1547-1567.

Yang, C.; Hillas, P.J.; Baez, J.A.; Nokelainen, M.; Balan, J.; Tang.
J.; Spiro, R.; Polarek, J.W. The application of recombinant human
collagen in tissue engineering. Biodrugs, 2004, 18(2), 103-119.

Lin, Y.K.; Liu, D.C. Comparison of physical-chemical properties
of type I collagen from different species. Food Chem., 2006, 99(2):
244-251.

Werkmeister, J.A.; Ramshaw, J.A.M. Recombinant protein
scaffolds for tissue engineering. Biomed. Mater.,2012, 7, 012002.
Gosline, J.; Lillie, M.; Carrington, E.; Guerette, P.; Ortlepp, C.;
Savage, K. Elastic proteins: biological roles and mechanical
properties. Philos. Trans. R Soc. Lond. B Biol. Sci., 2002,
357(1418), 121-132.

Xiao, S.; Stacklies, W.; Cetinkaya, M.; Markert, B.; Griter, F.
Mechanical response of silk crystalline units from force-
distribution analysis. Biophys. J., 2009, 96(10), 3997-4005.

Keten, S.; Xu, Z.; Thle, B.; Buehler, M.J. Nanoconfinement controls
stiffness, strength and mechanical toughness of beta-sheet crystals
in silk. Nat. Mater., 2010, 9(4), 359-367.

Omenetto, F.G.; Kaplan, D.L. New opportunities for an ancient
material. Science, 2010, 329(5991), 528-531.

Fahnestock, S.R.; Irwin, S.L. Synthetic spider dragline silk proteins
and their production in Escherichia coli. Appl. Microbiol.
Biotechnol., 1997, 47(1), 23-32.

Fahnestock, S.R.; Bedzyk, L.A. Production of synthetic spider
dragline silk protein in Pichia pastoris. Appl. Microbiol.
Biotechnol., 1997, 47(1), 33-39.

Lazaris, A.; Arcidiacono, S.; Huang, Y.; Zhou, J-F.; Duguay, F.;
Chretien, N.; Welsh W.A.; Soares J.W.; Karatzas, C.N. Spider silk
fibers spun from soluble recombinant silk produced in mammalian
cells. Science, 2002, 295(5554), 472-476.

Scheller, J.; Giihrs, K.H.; Grosse, F.; Conrad, U. Production of
spider silk proteins in tobacco and potato. Nat. Biotechnol., 2001,
19(6), 573-577.

Scheller, J.; Henggeler, D.; Viviani, A.; Conrad, U. Purification of
spider silk-elastin from transgenic plants and application for human
chondrocyte proliferation. Transgenic Res., 2004, 13(1), 51-57.
Wise, S.G.; Mithieux, S.M.; Raftery, M.J.; Weiss, A.S. Specificity
in the coacervation of tropoelastin: Solvent exposed lysines. J.
Struct. Biol., 2005, 149(3), 273-281.

Vrhovski, B.; Jensen, S.; Weiss, A.S. Coacervation characteristics
of recombinant human tropoelastin. Eur. J. Biochem., 1997, 250(1),
92-98.

Bellingham, C.M.; Lillie, M.A.; Gosline, J.M.; Wright, G.M.;
Starcher, B.C.; Bailey, A.J.; Woodhouse, K.A.; Keeley, F.W.
Recombinant human elastin polypeptides self-assemble into
biomaterials with elastin-like properties. Biopolymers, 2003, 70(4),
445-455.

Meyer, D.E.; Chilkoti, A. Genetically encoded synthesis of protein-
based polymers with precisely specified molecular weight and
sequence by recursive directional ligation: Examples from the the
elastin-like polypeptide system. Biomacromolecules, 2002, 3(2),
357-367.

[55]

[56]

[57]

[58]

[59]

[67]

Guda, C.; Lee, S-B.; Daniell, H. Stable expression of a
biodegradable protein-based polymer in tobacco chloroplasts. Plant
Cell Reports, 2000, 19, 257-262.

Sallach, R.E.; Conticello, V.P.; Chaikof, E.L. Expression of a
recombinant elastin-like protein in Pichia pastoris. Biotechnol.
Prog.,2009, 25(6), 1810-1818.

Tjin, M.S.; Low, P.; Fong, E. Recombinant elastomeric protein
biopolymers: progress and prospects. Polym. J., 2014, 46(8), 444-
451.

Altman, G.H.; Diaz, F.; Jakuba, C.; Calabro, T.; Horan, R.L.; Chen,
J.; Lu, H.; Richmond, J.; Kaplan, DL. Silk-based biomaterials.
Biomaterials, 2003, 24(3), 401-416.

Urry, D.W.; Urry, K.D.; Szaflarski, W.; Nowicki, M. Elastic-
contractile model proteins: Physical chemistry, protein function and
drug design and delivery. Adv. Drug Deliv. Rev., 2010, 62, 1404-
1455.

Wang, X.; Xu, P.; Yuan, Y.; Liu, C.; Zhang, D.; Yang, Z.; Yang,
C.; Ma, C. Modeling for gellan gum production by Sphingomonas
paucimobilis ATCC 31461 in a simplified medium. Appl. Environ
Microbiol., 2006, 72(5), 3367-3374.

Ruoslahti, E. Proteoglycans in cell regulation. J. Biol. Chem., 1989,
264(23), 13369-133672.

Jen, A.C.; Wake, M.C.; Mikos, A.G. Review: Hydrogels for cell
immobilization. Biotechnol. Bioeng., 1996, 50, 357-64.

Oliveira, J.T.; Santos, T.C.; Martins, L.; Picciochi, R.; Marques,
A.P.; Castro, A.G.; Neves, N.M.; Mano, J.F.; Reis, R.L. Gellan
gum injectable hydrogels for cartilage tissue engineering
applications: in vitro studies and preliminary in vivo evaluation.
Tissue Eng. Part 4,2010, 16(1), 343-353.

Silva-Correia, J.; Oliveira, J.M.; Caridade, S.G.; Oliveira, J.T.;
Sousa, R.A.; Mano, J.F., Reis, R.L. Gellan gum-based hydrogels
for intervertebral disc tissue-engineering applications. J. Tissue
Eng. Regen. Med., 2011, 5(6), 524-531.

Cerqueira, M.T.; da Silva, L.P.; Santos, T.C.; Pirraco, R.P;
Correlo, V.M.; Marques, A.P.; Reis, R.L. Human skin cell fractions
fail to self-organize within a gellan gum/hyaluronic acid matrix but
positively influence early wound healing. Tissue Eng. Part A, 2014,
20(9-10), 1369-1378.

Cerqueira, M.T.; da Silva, L.P.; Santos, T.C.; Pirraco, R.P;
Correlo, V.M.; Reis, R.L.; Marques, A.P. Gellan gum-hyaluronic
acid spongy-like hydrogels and cells from adipose tissue synergize
promoting neoskin vascularization. ACS Appl. Mater. Interfaces,
2014, 6(22), 19668-19679.

Gantar, A.; da Silva, L.P.; Oliveira, J.M.; Marques, A.P.; Correlo,
V.M.; Novak, S.; Reis, R.L. Nanoparticulate bioactive-glass-
reinforced gellan-gum hydrogels for bone-tissue engineering.
Mater. Sci. Eng. C, 2014, 43, 27-36.

Centeno-Leija, S.; Huerta-Beristain, G.; Giles-Gomez, M.; Bolivar,
F.; Gosset, G.; Martinez, A. Improving poly-3-hydroxybutyrate
production in Escherichia coli by combining the increase in the
NADPH pool and acetyl-CoA availability. Int. J. Gen. Mol
Microbiol., 2014, 105(4), 687-696.

Chen, G.Q.; Wu, Q. The application of polyhydroxyalkanoates as
tissue engineering materials. Biomaterials, 2005, 26, 6565-6578.
Pefia, C.; Castillo, T.; Garcia, A.; Millan, M.; Segura, D.
Biotechnological strategies to improve production of microbial
poly-(3-hydroxybutyrate): A review of recent research work.
Microbial. Biotechnol., 2014, 7(4), 278-293.

Shamos, M.H.; Lavine, L.S. Piezoelectricity as a fundamental
property of biological tissues. Nature, 1967, 213(5073), 267-269.
Miller, N.D.; Williams, D.F. On the biodegradation of poly-B-
hydroxybutyrate (PHB) homopolymer and poly-B-hydroxybutyrate-
hydroxyvalerate copolymers. Biomaterials, 1987, 8, 129-137.
Peppas, N.A.; Hilt, J.Z.; Khademhosseini, A.; Langer, R.
Hydrogels in biology and medicine: from molecular principles to
bionanotechnology. Adv. Mat., 2006, 18, 1345-1360.

Tibbitt, M.W.; Anseth, K.S. Hydrogels as extracellular matrix
mimics for 3D cell culture. Biotechnol. Bioeng., 2009, 103(4), 655-
663.

Pulkkinen, H.J.; Tiitu, V.; Valonen, P.; Hamalainen, E.R.; Lammi,
M.J.; Kiviranta, I. Recombinant human type II collagen as a
material for cartilage tissue engineering. Int. J. Artif. Organs, 2008,
31(11),2008.

Pulkkinen, H.J.; Tiitu, V.; Valonen, P.; Jurvelin, J.S.; Lammi, M.J.;
Kiviranta, I. Engineering of cartilage in recombinant human type II


https://www.researchgate.net/publication/282105109_Proteoglycans_in_Cell_Regulation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/282105109_Proteoglycans_in_Cell_Regulation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/282105109_Proteoglycans_in_Cell_Regulation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

—r—r——
o0 00 00 0
DR W N
Pl Finr Pt}

collagen gel in nude mouse model in vivo. Osteoarthr Cartil., 2010,
18(8), 1077-1087.

Haider, M.; Cappello, J.; Ghandehari, H.; Leong, K.W. In vitro
chondrogenesis of mesenchymal stem cells in recombinant silk-
elastinlike hydrogels. Pharm. Res., 2008, 25(3), 692-699.

Oliveira, J.T.; Santos, T.C.; Martins, L.; Silva, M.A.; Marques,
A.P.; Castro, A.G.; Neves, N.M.; Reis, R.L. Performance of new
gellan gum hydrogels combined with human articular chondrocytes
for cartilage regeneration when subcutaneously implanted in nude
mice. J. Tissue Eng. Regen. Med., 2009, 3(7), 493-500.

Oliveira, J.T.; Gardel, L.S.; Rada, T.; Martins, L.; Gomes, M.E.;
Reis, R.L. Injectable gellan gum hydrogels with autologous cells
for the treatment of rabbit articular cartilage defects. J. Orthop.
Res., 2010, 28(9), 1193-1199.

da Silva, L.P.; Cerqueira, M.T.; Sousa, R.A.; Reis, R.L.; Correlo,
V.M.; Marques, A.P. Engineering cell-adhesive gellan gum
spongy-like hydrogels for regenerative medicine purposes. Acta
Biomater., 2014, 10(11), 4787-4797.

Abrams, G.A.; Goodman, S.L.; Nealey, P.F.; Franco, M.; Murphy,
C.J. Nanoscale topography of the basement membrane underlying
the corneal epithelium of the rhesus macaque. Cell Tissue Res.,
2000, 299(1), 39-46.

Wang, X.; Ding, B.; Li, B. Biomimetic electrospun nanofibrous
structures for tissue engineering. Mater. Today, 2013, 16(6), 229-
241.

Zonari, A.; Novikoff, S.; Electo, N.R.P.; Breyner, N.M.; Gomes,
D.A.; Martins, A.; Neves, N.M.; Reis, R.L.; Goes, A.M. Endothelial
differentiation of human stem cells seeded onto -electrospun
polyhydroxybutyrate/polyhydroxybutyrate-co-hydroxyvalerate fiber
mesh. PLoS One, 2012, 7(4), €35422.

Masaeli, E.; Morshed, M.; Nasr-Esfahani, M.H.; Sadri, S.;
Hilderink, J.; van Apeldoorn, A.; van Blitterswijk, C.A.; Moroni, L.
Fabrication, characterization and cellular compatibility of
poly(hydroxy alkanoate) composite nanofibrous scaffolds for nerve
tissue engineering. PLoS One, 2013, 8(2), 16-18.

Zonari, A.; Cerqueira, M.T.; Novikoff, S.; Goes, A.M.; Marques,
A.P.; Correlo, V.M., Reis R.L. Poly(hydroxybutyrate-co-
hydroxyvalerate) bilayer skin tissue engineering constructs with
improved epidermal rearrangement. Macromol. Biosci.,, 2014,
14(7),977-990.

Dudognon, B.; Romero-Santacreu, L.; Goémez-Sebastian, S.;
Hidalgo, A.B.; Lopez-Vidal, J.; Bellido, M.L.; Muifioz, E.;
Escribano, J.M. Production of functional active human growth
factors in insects used as living biofactories. J. Biotechnol., 2014,
184,229-239.

Simons, M.; Annexm, B.H.; Laham, R.J.; Kleiman, N.; Henry, T.;
Dauerman, H.; Udelson, J.E.; Gervino E.V.; Pike, M.; Whitehouse,
M.J.; Moon, T.; Chronos, N.A. Pharmacological treatment of
coronary artery disease with recombinant fibroblast growth factor-
2: Double-blind, randomized, controlled clinical trial. Circulation,
2002, 105(7), 788-793.

Fernandez-Montequin, J.I; Infante-Cristia, E.; Valenzuela-Silva,
C.; Franco-Pérez, N.; Savigne-Gutierrez, W.; Artaza-Sanz. H.;
Morejon-Vega, L.; Gonzalez-Benavides, C.; Eliseo-Musenden, O.;
Garcia-Iglesias, E.; Berlanga-Acosta, J.; Silva-Rodriguez, R.;
Betancourt, B.Y.; Lopez-Saura, P.A. Intralesional injections of
Citoprot-P® (recombinant human epidermal growth factor) in
advanced diabetic foot ulcers with risk of amputation. Int. Wound
J., 2007, 4(4), 333-343.

Kitamura, M.; Nakashima, K.; Kowashi. Y.; Fujii, T.; Shimauchi,
H.; Sasano, T.; Furuuchi, T.; Fukuda, M.; Noguchi, T.; Shibutani,
T.; Iwayama, Y.; Takashiba, S.; Kurihara, H.; Ninomiya, M.; Kido,
J.; Nagata, T.; Hamachi, T.; Maeda, K.; Hara, Y.; Izumi, Y.;
Hirofuji, T.; Imai, E.; Omae, M.; Watanuki, M.; Murakami, S.
Periodontal tissue regeneration using fibroblast growth factor-2:
Randomized controlled phase II clinical trial. PLoS One, 2008,
3(7), 1-11.

Spiller, K.L.; Vunjak-Novakovic, G. Clinical translation of
controlled protein delivery systems for tissue engineering. Drug
Deliv Transl Res., 2013, 5(2), 101-115.

FDA. Approval letter for INFUSE bone graft-P000054. 2004.

FDA. Approval letter of INFUSE bone graft-P050053. 2007.

FDA. Approval letter for OP-1 Implant-H010002. 2001.

Fang, R.C.; Galiano, R.D. A review of becaplermin gel in the
treatment of diabetic neuropathic foot ulcers. Biologics, 2008, 2(1),
1-12.

(89]

[92]

(93]

[94]

[95]

[96]

[97]

[102]

[103]

[104]

[105]

[106]

Lee, K.; Silva, E.A.; Mooney, D.J. Growth factor delivery-based
tissue engineering: general approaches and a review of recent
developments. J. R. Soc. Interface, 2011, 8(55), 153-170.

Florczyk, S.J.; Leung, M.; Jana, S.; Li, Z.; Bhattarai, N.; Huang,
J.1; Hopper, R.A.; Zhang, M. Enhanced bone tissue formation by
alginate gel-assisted cell seeding in porous ceramic scaffolds and
sustained release of growth factor. J. Biomed. Mater. Res. - Part A,
2012, 100(12), 3408-3415.

Manning, C.N.; Schwartz, A.G.; Liu, W.; Xie, J.; Havlioglu, N.;
Sakiyama-Elbert, S.E.; Silva, M.J.; Xia, Y.; Gelberman, R.H.;
Rhomopoulos, S. Controlled delivery of mesenchymal stem cells
and growth factors using a nanofiber scaffold for tendon repair.
Acta Biomater., 2013, 9(6), 6905-6914.

Sridhar, B.V.; Brock, J.L.; Silver, J.S.; Leight, J.L.; Randolph,
M.A.; Anseth, K.S. Development of a cellularly degradable PEG
hydrogel to promote articular cartilage extracellular matrix
deposition. Adv. Healthc. Mater., 2015.

Christ, G.J.; Saul, J.M.; Furth, M.E.; Andersson, K. The
pharmacology of regenerative medicine. Pharmacol. Rev., 2013,
65(3), 1091-1133.

Guo, X.; Liao, J.; Park, H.; Saraf, A.; Raphael, R.M.; Tabata, Y.;
Kasper, F.K.; Mikos, A.G. Effects of TGF-B3 and preculture period
of osteogenic cells on the chondrogenic differentiation of rabbit
marrow mesenchymal stem cells encapsulated in a bilayered
hydrogel composite. Acta Biomater., 2010, 6(8),2920-2931.

Bian, L.; Zhai, D.Y.; Tous, E.; Rai, R.; Mauck, R.L.; Burdick, J.A.
Enhanced MSC chondrogenesis following delivery of TGF-B3
from alginate microspheres within hyaluronic acid hydrogels in
vitro and in vivo. Biomaterials, 2011, 32(27), 6425-6434.
Diaz-Herraez, P.; Garbayo, E.; Simoén-Yarza, T.; Formiga, F.R.;
Prosper, F.; Blanco-Prieto, M.J. Adipose-derived stem cells
combined with neuregulin-1 delivery systems for heart tissue
engineering. Eur. J. Pharm. Biopharm., 2013, 85(1), 143-150.

Jay, S.M.; Shepherd, B.R.; Andrejecsk, J.W.; Kyriakides, T.R.;
Pober, J.S.; Saltzman, W.M. Dual delivery of VEGF and MCP-1 to
support  endothelial ~cell transplantation for therapeutic
vascularization. Biomaterials, 2010, 31(11), 3054-3062.

Johnson, P.J.; Parker, S.R.; Sakiyama-Elbert, S.E. Controlled
release of neurotrophin-3 from fibrin-based tissue engineering
scaffolds enhances neural fiber sprouting following subacute spinal
cord injury. Biotechnol Bioeng., 2009, 104(6), 1207-1214.

Johnson, P.J.; Tatara, A.; Shiu, A.; Sakiyama-Elbert, S.E.
Controlled release of neurotrophin-3 and platelet-derived growth
factor from fibrin scaffolds containing neural progenitor cells
enhances survival and differentiation into neurons in a subacute
model of SCL. Cell Transplant., 2010, 19(1), 89-101.

Shah, N.J.; Macdonald, M.L.; Beben, Y.M.; Padera, R.F.; Samuel,
R.E.; Hammond, P.T. Tunable dual growth factor delivery from
polyelectrolyte multilayer films. Biomaterials, 2011, 32(26), 6183-
6193.

Russell, S.J. Science, medicine, and the future: gene therapy. BM.J,
1997, 315, 1289-1292.

Saraf, A.; Mikos, A.G. Gene delivery strategies for cartilage tissue
engineering. Adv. Drug Deliv. Rev., 2006, 58, 592-603.

Klefenz, H. In: Industrial pharmaceutical biotechnology; Heinrich
Klefenz, Ed.; Wiley-VCH Verlag GmbH: Germany, 2002, pp. 1-60.
Santos, J.L.; Pandita, D.; Rodrigues, J.; Pégo, A.P.; Granja, P.L.;
Tomas, H. Non-viral gene delivery to mesenchymal stem cells:
methods, strategies and application in bone tissue engineering and
regeneration. Curr. Gene Ther., 2011, 11(1),46-57.

Yang, Y.; Jin, G.; Li, L.; Liu, X.; Lo, C.; Wu, J. Enhanced
osteogenic activity of mesenchymal stem cells and co-modified
BMP-2 and bFGF genes. Ann Transplant., 2014, 19, 629-638.
Devalliere, J.; Chang, W.G.; Andrejecsk, J.W.; Abrahimi, P.;
Cheng, C.J.; Jane-Wit, D.; Saltzaman, W.M.; Pober, J.S. Sustained
delivery of proangiogenic microRNA-132 by nanoparticle
transfection improves endothelial cell transplantation. FASEB J.,
2014, 28(2), 908-922.

Fang, Y.; Chen, X.; Godbey, W.T. Gene delivery in tissue
engineering and regenerative medicine. J. Biomed. Mater. Res.
Part B Appl. Biomater., 2014.

De Laporte, L.; Shea, L.D. Matrices and scaffolds for DNA
delivery in tissue engineering. Adv. Drug Deliv. Rev., 2007, 59,
292-307.

Bengali, Z.; Shea, L.D. Gene delivery by immobilization to cell-
adhesive substrates. MRS Bullet., 2005, 30(9), 659-662.


https://www.researchgate.net/publication/270280127_Gene_delivery_in_tissue_engineering_and_regenerative_medicine_Gene_Delivery_in_Tissue_Engineering_and_Regenerative_Medicine?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/270280127_Gene_delivery_in_tissue_engineering_and_regenerative_medicine_Gene_Delivery_in_Tissue_Engineering_and_Regenerative_Medicine?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/270280127_Gene_delivery_in_tissue_engineering_and_regenerative_medicine_Gene_Delivery_in_Tissue_Engineering_and_Regenerative_Medicine?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/269187969_Enhanced_Osteogenic_Activity_of_Mesenchymal_Stem_Cells_and_Co-Modified_BMP-2_and_bFGF_Genes?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/269187969_Enhanced_Osteogenic_Activity_of_Mesenchymal_Stem_Cells_and_Co-Modified_BMP-2_and_bFGF_Genes?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/269187969_Enhanced_Osteogenic_Activity_of_Mesenchymal_Stem_Cells_and_Co-Modified_BMP-2_and_bFGF_Genes?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/258502233_Sustained_delivery_of_proangiogenic_microRNA-132_by_nanoparticle_transfection_improves_endothelial_cell_transplantation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/258502233_Sustained_delivery_of_proangiogenic_microRNA-132_by_nanoparticle_transfection_improves_endothelial_cell_transplantation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/258502233_Sustained_delivery_of_proangiogenic_microRNA-132_by_nanoparticle_transfection_improves_endothelial_cell_transplantation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/258502233_Sustained_delivery_of_proangiogenic_microRNA-132_by_nanoparticle_transfection_improves_endothelial_cell_transplantation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/258502233_Sustained_delivery_of_proangiogenic_microRNA-132_by_nanoparticle_transfection_improves_endothelial_cell_transplantation?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235882980_Fabrication_Characterization_and_Cellular_Compatibility_of_PolyHydroxy_Alkanoate_Composite_Nanofibrous_Scaffolds_for_Nerve_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49706265_Non-Viral_Gene_Delivery_to_Mesenchymal_Stem_Cells_Methods_Strategies_and_Application_in_Bone_Tissue_Engineering_and_Regeneration?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49706265_Non-Viral_Gene_Delivery_to_Mesenchymal_Stem_Cells_Methods_Strategies_and_Application_in_Bone_Tissue_Engineering_and_Regeneration?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49706265_Non-Viral_Gene_Delivery_to_Mesenchymal_Stem_Cells_Methods_Strategies_and_Application_in_Bone_Tissue_Engineering_and_Regeneration?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49706265_Non-Viral_Gene_Delivery_to_Mesenchymal_Stem_Cells_Methods_Strategies_and_Application_in_Bone_Tissue_Engineering_and_Regeneration?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24232140_Gene_Delivery_by_Immobilization_to_Cell-Adhesive_Substrates?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24232140_Gene_Delivery_by_Immobilization_to_Cell-Adhesive_Substrates?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/7017502_Gene_delivery_strategies_for_cartilage_tissue_engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/7017502_Gene_delivery_strategies_for_cartilage_tissue_engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6319154_Matrices_and_Scaffolds_for_DNA_Delivery_in_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6319154_Matrices_and_Scaffolds_for_DNA_Delivery_in_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6319154_Matrices_and_Scaffolds_for_DNA_Delivery_in_Tissue_Engineering?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==

[107]

[108]

[109]

[110]

[111]
[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

Rujitanaroj, P.O.; Jao, B.; Yang, J.; Wang, F.; Anderson, J.M.;
Wang, J.; Chew, S.Y. Controlling fibrous capsule formation
through long-term down-regulation of collagen type i (COL1A1)
expression by nanofiber-mediated siRNA gene silencing. Acta
Biomater., 2013, 9(1), 4513-4524.

Liu, X.; Ma, L.; Liang, J.; Zhang, B.; Teng, J.; Gao, C. RNAi
functionalized collagen-chitosan/silicone membrane bilayer dermal
equivalent for full-thickness skin regeneration with inhibited
scarring. Biomaterials, 2013, 34(8), 2038-2048.

Krebs, M.D.; Salter, E.; Chen, E.; Sutter, K.A.; Alsberg, E.
Calcium phosphate-DNA nanoparticle gene delivery from alginate
hydrogels induces in vivo osteogenesis. J Biomed Mater Res - Part
A4,2010, 92(3), 1131-1138.

Lee, J.S.; Lee, J.M.; Im, G-I. Electroporation-mediated transfer of
Runx?2 and Osterix genes to enhance osteogenesis of adipose stem
cells. Biomaterials, 2011, 32(3), 760-768.

Kraljevic, S.; Stambrook, P.J.; Pavelic, K. Accelerating drug
discovery. Lancet, 2014, 383(9917), 575.

Mullard, A. New drugs cost US$2.6 billion to develop. Nat. Rev.
Drug Discov., 2014, 13(12), 877.

Keserii, G.M.; Makara, G.M.The influence of lead discovery
strategies on the properties of drug candidates. Nat. Rev. Drug
Discov., 2009, 8(3), 203-212.

Kang, L.; Chung, B.G., Langer, R.; Khademhosseini, A.
Microfluidics for drug discovery and development: from target
selection to product lifecycle management. Drug Discov. Today,
2008, /3(1-2), 1-13.

Castel, D.; Pitaval, A.; Debily, M.A.; Gidrol, X. Cell microarrays
in drug discovery. Drug Discov. Today, 2006, 11(13-14), 616-622.
Wang Z, Kim M-C, Marquez M, Thorsen T. High-density
microfluidic arrays for cell cytotoxicity analysis. Lab Chip, 2007,
7, 740-745.

Lee, P.J.; Hung, P.J.; Lee, L.P. An artificial liver sinusoid with a
microfluidic endothelial-like barrier for primary hepatocyte culture.
Biotechnol. Bioeng., 2007, 97(5), 1340-1346.

Gao, D.; Li, H.; Wang, N.; Lin, J. Evaluation of the absorption of
methotrexate on cells and its cytotoxicity assay by using an
integrated microfluidic device coupled to a mass spectrometer.
Anal. Chem., 2012, 84(21), 9230-9237.

Ankam, S.; Teo, B.K.; Kukumberg, M.; Yim, E.K. High
throughput screening to investigate the interaction of stem cells
with their extracellular microenvironment. Organogenesis, 2013,
9(3), 128-142.

Viravaidya, K.; Sin, A.; Shuler, M.L. Development of a microscale
cell culture analog to probe naphthalene toxicity. Biotechnol. Prog.,
2004, 20(1), 316-323.

Mahler, G.J.; Esch, M.B.; Glahn, R.P.; Shuler, M.L.
Characterization of a gastrointestinal tract microscale cell culture
analog used to predict drug toxicity. Biotechnol. Bioeng., 2009,
104(1), 193-205.

Tatosian, D.A., Shuler, M.L. A novel system for evaluation of drug
mixtures for potential efficacy in treating multidrug resistant
cancers. Biotechnol. Bioeng., 2009, 103(1), 187-198.

Kim, J.; Taylor, D.; Agrawal, N.; Wang, H.; Kim, H.; Han, A.;
Rege, K.; Jayaraman, A. A programmable microfluidic cell array
for combinatorial drug screening. Lab Chip, 2012, 12, 1813-1822.
Zhang, Y.; Zhang, W.; Qin, L. Mesenchymal-mode migration assay
and antimetastatic drug screening with high-throughput microfluidic
channel networks. Angew Chemie., 2014, 53(9), 2344-2348.

Faley, S.L.; Copland, M.; Wlodkowic, D.; Kolch, W.; Seale, K.T.;
Wikswo, J.P.; Cooper, J.M. Microfluidic single cell arrays to

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

interrogate signalling dynamics of individual, patient-derived
hematopoietic stem cells. Lab o Chip, 2009, 9(18), 2659-2664.
Shamir E.R.; Ewald A.J. Three-dimensional organotypic culture:
experimental models of mammalian biology and disease. Nat. Rev.
Mol. Cell Biol., 2014, 15(10), 647-664.

Pampaloni F.; Reynaud E.G.; Stelzer E.H.K. The third dimension
bridges the gap between cell culture and live tissue. Nat. Rev. Mol.
Cell Biol., 2007, 8(10), 839-845.

Lin, S-L.; Kisseleva, T.; Brenner, D.A.; Duffield, J.S. Pericytes and
perivascular fibroblasts are the primary source of collagen-
producing cells in obstructive fibrosis of the kidney. Am J Pathol.,
2008, /73(6), 1617-1627.

Mehta, G.; Hsiao, A.Y.; Ingram, M.; Luker, G.D.; Takayama, S.
Opportunities and challenges for use of tumor spheroids as models
to test drug delivery and efficacy. J. Control. Release, 2012,
164(2), 192-204.

Li, Q.; Chen, C.; Kapadia, A.; Zhou, Q.; Harper, M.K.; Schaack, J.;
Labarbera, D.V. 3D models of epithelial-mesenchymal transition in
breast cancer metastasis: high-throughput screening assay
development, validation, and pilot screen. J. Biomol. Screen., 2011,
16(2), 141-154.

Tung, Y-C.; Hsiao, A.Y.; Allen, S.G.; Torisawa, Y.; Ho, M.;
Takayama, S. High-throughput 3D spheroid culture and drug
testing using a 384 hanging drop array. Analyst, 2011, 136(3), 473-
478.

Xu, Z.; Gao, Y.; Hao, Y.; Li, E.; Wang, Y.; Zhang, J.; Wang, W.;
Gao, Z.; Wang, Q. Application of a microfluidic chip-based 3D co-
culture to test drug sensitivity for individualized treatment of lung
cancer. Biomaterials, 2013, 34(16),4109-4117.

Patra, B.; Peng, Y-S.; Peng, C-C.; Liao, W-H.; Chen, Y-A.; Lin, K-
H.; Tung, Y-C.; Lee, C-H. Migration and vascular lumen formation
of endothelial cells in cancer cell spheroids of various sizes.
Biomicrofluidics, 2014, 8(5), 052109.

Ivascu, A.; Kubbies, M. Rapid generation of single-tumor
spheroids for high-throughput cell function and toxicity analysis. J.
Biomol. Screen., 2006, 11(8), 922-932.

Justice, B.A.; Badr, N.A.; Felder, R.A. 3D cell culture opens new
dimensions in cell-based assays. Drug Discov. Today, 2009, 14(1-
2), 102-107.

Zhang, C.; Zhao, Z.; Abdul Rahim, N.A.; van Noort, D.; Yu, H.
Towards a human-on-chip: culturing multiple cell types on a chip
with compartmentalized microenvironments. Lab Chip, 2009,
9(22),3185-3192.

Huh, D.; Hamilton, G.A.; Ingber, D.E. From 3D cell culture to
organs-on-chips. Trends in Cell Biol., 2011, 21(12), 745-754.

van der Meer, A.D.; van den Berg, A. Organs-on-chips: breaking
the in vitro impasse. Integr Biol., 2012, 4, 461-470.
Ghaemmaghami, A.M.; Hancock, M.J.; Harrington, H.; Kaji, H.;
Khademhosseini, A. Biomimetic tissues on a chip for drug
discovery. Drug Discov. Today, 2012, 17(2-4), 173-181.

Huh, D.; Torisawa, Y.; Hamilton, G.A.; Kim, H.J.; Ingber, D.E.
Microengineered physiological biomimicry: organs-on-chips. Lab
Chip, 2012, 12, 2156-2164.

Meli, L.; Barbosa, H.S.C.; Hickey, A.M.; Gasimli, L.; Nierode. G.;
Diogo, M.M.; Linhardt, R.J.; Cabral, J.M.S.; Dordick, J.S. Three
dimensional cellular microarray platform for human neural stem cell
differentiation and toxicology. Stem Cell Res., 2014, 13(1), 36-47.
Boudou, T.; Legant, W.R.; Mu, A.; Borochin, M.A.; Thavandiran,
N.; Radisic, M.; Zandstra, P.W.; Epstein, J.A.; Margulies, K.B.;
Chen, C.S. A microfabricated platform to measure and manipulate
the mechanics of engineered cardiac microtissues. Tissue Engin.
Part 4,2012, 18(9-10), 910-919.



https://www.researchgate.net/publication/268986958_New_Drugs_Cost_US26_Billion_to_Develop?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/268986958_New_Drugs_Cost_US26_Billion_to_Develop?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/267749276_Migration_and_vascular_lumen_formation_of_endothelial_cells_in_cancer_cell_spheroids_of_various_sizes?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/267749276_Migration_and_vascular_lumen_formation_of_endothelial_cells_in_cancer_cell_spheroids_of_various_sizes?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/267749276_Migration_and_vascular_lumen_formation_of_endothelial_cells_in_cancer_cell_spheroids_of_various_sizes?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/267749276_Migration_and_vascular_lumen_formation_of_endothelial_cells_in_cancer_cell_spheroids_of_various_sizes?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/265861280_Three-dimensional_organotypic_culture_Experimental_models_of_mammalian_biology_and_disease?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/265861280_Three-dimensional_organotypic_culture_Experimental_models_of_mammalian_biology_and_disease?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/265861280_Three-dimensional_organotypic_culture_Experimental_models_of_mammalian_biology_and_disease?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/262228014_Three_Dimensional_Cellular_Microarray_Platform_for_Human_Neural_Stem_Cell_Differentiation_and_Toxicology?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/262228014_Three_Dimensional_Cellular_Microarray_Platform_for_Human_Neural_Stem_Cell_Differentiation_and_Toxicology?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/262228014_Three_Dimensional_Cellular_Microarray_Platform_for_Human_Neural_Stem_Cell_Differentiation_and_Toxicology?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/262228014_Three_Dimensional_Cellular_Microarray_Platform_for_Human_Neural_Stem_Cell_Differentiation_and_Toxicology?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/259985875_Mesenchymal-Mode_Migration_Assay_and_Antimetastatic_Drug_Screening_with_High-Throughput_Microfluidic_Channel_Networks?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/259985875_Mesenchymal-Mode_Migration_Assay_and_Antimetastatic_Drug_Screening_with_High-Throughput_Microfluidic_Channel_Networks?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/259985875_Mesenchymal-Mode_Migration_Assay_and_Antimetastatic_Drug_Screening_with_High-Throughput_Microfluidic_Channel_Networks?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/253647089_High_throughput_screening_to_investigate_the_interaction_of_stem_cells_with_their_extracellular_microenvironment?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/253647089_High_throughput_screening_to_investigate_the_interaction_of_stem_cells_with_their_extracellular_microenvironment?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/253647089_High_throughput_screening_to_investigate_the_interaction_of_stem_cells_with_their_extracellular_microenvironment?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/253647089_High_throughput_screening_to_investigate_the_interaction_of_stem_cells_with_their_extracellular_microenvironment?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235894536_Application_of_a_microfluidic_chip-based_3D_co-culture_to_test_drug_sensitivity_for_individualized_treatment_of_lung_cancer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235894536_Application_of_a_microfluidic_chip-based_3D_co-culture_to_test_drug_sensitivity_for_individualized_treatment_of_lung_cancer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235894536_Application_of_a_microfluidic_chip-based_3D_co-culture_to_test_drug_sensitivity_for_individualized_treatment_of_lung_cancer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/235894536_Application_of_a_microfluidic_chip-based_3D_co-culture_to_test_drug_sensitivity_for_individualized_treatment_of_lung_cancer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/233974363_RNAi_functionalized_collagen-chitosansilicone_membrane_bilayer_dermal_equivalent_for_full-thickness_skin_regeneration_with_inhibited_scarring?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/233974363_RNAi_functionalized_collagen-chitosansilicone_membrane_bilayer_dermal_equivalent_for_full-thickness_skin_regeneration_with_inhibited_scarring?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/233974363_RNAi_functionalized_collagen-chitosansilicone_membrane_bilayer_dermal_equivalent_for_full-thickness_skin_regeneration_with_inhibited_scarring?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/233974363_RNAi_functionalized_collagen-chitosansilicone_membrane_bilayer_dermal_equivalent_for_full-thickness_skin_regeneration_with_inhibited_scarring?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232086484_Controlling_fibrous_capsule_formation_through_long-term_down-regulation_of_collagen_type_I_COL1A1_expression_by_nanofiber-mediated_siRNA_gene_silencing?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232086484_Controlling_fibrous_capsule_formation_through_long-term_down-regulation_of_collagen_type_I_COL1A1_expression_by_nanofiber-mediated_siRNA_gene_silencing?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232086484_Controlling_fibrous_capsule_formation_through_long-term_down-regulation_of_collagen_type_I_COL1A1_expression_by_nanofiber-mediated_siRNA_gene_silencing?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232086484_Controlling_fibrous_capsule_formation_through_long-term_down-regulation_of_collagen_type_I_COL1A1_expression_by_nanofiber-mediated_siRNA_gene_silencing?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232086484_Controlling_fibrous_capsule_formation_through_long-term_down-regulation_of_collagen_type_I_COL1A1_expression_by_nanofiber-mediated_siRNA_gene_silencing?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232064039_Evaluation_of_the_Absorption_of_Methotrexate_on_Cells_and_Its_Cytotoxicity_Assay_by_Using_an_Integrated_Microfluidic_Device_Coupled_to_a_Mass_Spectrometer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232064039_Evaluation_of_the_Absorption_of_Methotrexate_on_Cells_and_Its_Cytotoxicity_Assay_by_Using_an_Integrated_Microfluidic_Device_Coupled_to_a_Mass_Spectrometer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232064039_Evaluation_of_the_Absorption_of_Methotrexate_on_Cells_and_Its_Cytotoxicity_Assay_by_Using_an_Integrated_Microfluidic_Device_Coupled_to_a_Mass_Spectrometer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/232064039_Evaluation_of_the_Absorption_of_Methotrexate_on_Cells_and_Its_Cytotoxicity_Assay_by_Using_an_Integrated_Microfluidic_Device_Coupled_to_a_Mass_Spectrometer?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/225053091_Opportunities_and_Challenges_for_use_of_Tumor_Spheroids_as_Models_to_Test_Drug_Delivery_and_Efficacy?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/225053091_Opportunities_and_Challenges_for_use_of_Tumor_Spheroids_as_Models_to_Test_Drug_Delivery_and_Efficacy?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/225053091_Opportunities_and_Challenges_for_use_of_Tumor_Spheroids_as_Models_to_Test_Drug_Delivery_and_Efficacy?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/225053091_Opportunities_and_Challenges_for_use_of_Tumor_Spheroids_as_Models_to_Test_Drug_Delivery_and_Efficacy?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/224896714_Microengineered_physiological_biomimicry_Organs-on-Chips?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/224896714_Microengineered_physiological_biomimicry_Organs-on-Chips?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/224896714_Microengineered_physiological_biomimicry_Organs-on-Chips?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/221886394_Organs-on-chips_Breaking_the_in_vitro_impasse?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/221886394_Organs-on-chips_Breaking_the_in_vitro_impasse?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/51806581_Biomimetic_tissues_on_a_chip_for_drug_discovery?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/51806581_Biomimetic_tissues_on_a_chip_for_drug_discovery?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/51806581_Biomimetic_tissues_on_a_chip_for_drug_discovery?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/51751180_From_3D_cell_culture_to_organ-on-chips?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/51751180_From_3D_cell_culture_to_organ-on-chips?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49813410_3D_Models_of_Epithelial-Mesenchymal_Transition_in_Breast_Cancer_Metastasis_High-Throughput_Screening_Assay_Development_Validation_and_Pilot_Screen?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49813410_3D_Models_of_Epithelial-Mesenchymal_Transition_in_Breast_Cancer_Metastasis_High-Throughput_Screening_Assay_Development_Validation_and_Pilot_Screen?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49813410_3D_Models_of_Epithelial-Mesenchymal_Transition_in_Breast_Cancer_Metastasis_High-Throughput_Screening_Assay_Development_Validation_and_Pilot_Screen?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49813410_3D_Models_of_Epithelial-Mesenchymal_Transition_in_Breast_Cancer_Metastasis_High-Throughput_Screening_Assay_Development_Validation_and_Pilot_Screen?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/49813410_3D_Models_of_Epithelial-Mesenchymal_Transition_in_Breast_Cancer_Metastasis_High-Throughput_Screening_Assay_Development_Validation_and_Pilot_Screen?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/47521010_High-throughput_3D_spheroid_culture_and_drug_testing_using_a_384_hanging_drop_array?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/47521010_High-throughput_3D_spheroid_culture_and_drug_testing_using_a_384_hanging_drop_array?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/47521010_High-throughput_3D_spheroid_culture_and_drug_testing_using_a_384_hanging_drop_array?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/47521010_High-throughput_3D_spheroid_culture_and_drug_testing_using_a_384_hanging_drop_array?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/47428745_Electroporation-mediated_transfer_of_Runx2_and_Osterix_genes_to_enhance_osteogenesis_of_adipose_stem_cells?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/47428745_Electroporation-mediated_transfer_of_Runx2_and_Osterix_genes_to_enhance_osteogenesis_of_adipose_stem_cells?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/47428745_Electroporation-mediated_transfer_of_Runx2_and_Osterix_genes_to_enhance_osteogenesis_of_adipose_stem_cells?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/38044739_Towards_a_human-on-chip_Culturing_multiple_cell_types_on_a_chip_with_compartmentalized_microenvironments?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/38044739_Towards_a_human-on-chip_Culturing_multiple_cell_types_on_a_chip_with_compartmentalized_microenvironments?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/38044739_Towards_a_human-on-chip_Culturing_multiple_cell_types_on_a_chip_with_compartmentalized_microenvironments?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/38044739_Towards_a_human-on-chip_Culturing_multiple_cell_types_on_a_chip_with_compartmentalized_microenvironments?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26765097_Microfluidic_single_cell_arrays_to_interrogate_signalling_dynamics_of_individual_patient-derived_hematopoietic_stem_cellsY?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26765097_Microfluidic_single_cell_arrays_to_interrogate_signalling_dynamics_of_individual_patient-derived_hematopoietic_stem_cellsY?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26765097_Microfluidic_single_cell_arrays_to_interrogate_signalling_dynamics_of_individual_patient-derived_hematopoietic_stem_cellsY?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/26765097_Microfluidic_single_cell_arrays_to_interrogate_signalling_dynamics_of_individual_patient-derived_hematopoietic_stem_cellsY?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24404647_Characterization_of_a_gastrointestinal_tract_microscale_cell_culture_analog_used_to_predict_drug_toxicity?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24404647_Characterization_of_a_gastrointestinal_tract_microscale_cell_culture_analog_used_to_predict_drug_toxicity?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24404647_Characterization_of_a_gastrointestinal_tract_microscale_cell_culture_analog_used_to_predict_drug_toxicity?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24404647_Characterization_of_a_gastrointestinal_tract_microscale_cell_culture_analog_used_to_predict_drug_toxicity?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24235681_Calcium_phosphate-DNA_nanoparticle_gene_delivery_from_alginate_hydrogels_induces_in_vivo_osteogenesis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24235681_Calcium_phosphate-DNA_nanoparticle_gene_delivery_from_alginate_hydrogels_induces_in_vivo_osteogenesis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24235681_Calcium_phosphate-DNA_nanoparticle_gene_delivery_from_alginate_hydrogels_induces_in_vivo_osteogenesis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24235681_Calcium_phosphate-DNA_nanoparticle_gene_delivery_from_alginate_hydrogels_induces_in_vivo_osteogenesis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24044510_The_influence_of_lead_discovery_strategies_on_the_properties_of_drug_candidates?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24044510_The_influence_of_lead_discovery_strategies_on_the_properties_of_drug_candidates?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/24044510_The_influence_of_lead_discovery_strategies_on_the_properties_of_drug_candidates?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23771809_A_Novel_System_for_Evaluation_of_Drug_Mixtures_for_Potential_Efficacy_in_Treating_Multidrug_Resistant_Cancers?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23771809_A_Novel_System_for_Evaluation_of_Drug_Mixtures_for_Potential_Efficacy_in_Treating_Multidrug_Resistant_Cancers?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23771809_A_Novel_System_for_Evaluation_of_Drug_Mixtures_for_Potential_Efficacy_in_Treating_Multidrug_Resistant_Cancers?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23562989_3D_Cell_Culture_Opens_New_Dimensions_in_Cell-Based_Assays?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23562989_3D_Cell_Culture_Opens_New_Dimensions_in_Cell-Based_Assays?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23562989_3D_Cell_Culture_Opens_New_Dimensions_in_Cell-Based_Assays?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23472756_Pericytes_and_Perivascular_Fibroblasts_Are_the_Primary_Source_of_Collagen-Producing_Cells_in_Obstructive_Fibrosis_of_the_Kidney?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23472756_Pericytes_and_Perivascular_Fibroblasts_Are_the_Primary_Source_of_Collagen-Producing_Cells_in_Obstructive_Fibrosis_of_the_Kidney?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23472756_Pericytes_and_Perivascular_Fibroblasts_Are_the_Primary_Source_of_Collagen-Producing_Cells_in_Obstructive_Fibrosis_of_the_Kidney?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/23472756_Pericytes_and_Perivascular_Fibroblasts_Are_the_Primary_Source_of_Collagen-Producing_Cells_in_Obstructive_Fibrosis_of_the_Kidney?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/8246111_Accelerating_drug_discovery?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/8246111_Accelerating_drug_discovery?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/7265890_Development_of_a_Microscale_Cell_Culture_Analog_To_Probe_Naphthalene_Toxicity?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/7265890_Development_of_a_Microscale_Cell_Culture_Analog_To_Probe_Naphthalene_Toxicity?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/7265890_Development_of_a_Microscale_Cell_Culture_Analog_To_Probe_Naphthalene_Toxicity?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6990075_Cell_microarrays_in_drug_discovery?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6990075_Cell_microarrays_in_drug_discovery?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6817300_Rapid_Generation_of_Single-Tumor_Spheroids_for_High-Throughput_Cell_Function_and_Toxicity_Analysis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6817300_Rapid_Generation_of_Single-Tumor_Spheroids_for_High-Throughput_Cell_Function_and_Toxicity_Analysis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6817300_Rapid_Generation_of_Single-Tumor_Spheroids_for_High-Throughput_Cell_Function_and_Toxicity_Analysis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6519051_An_artificial_liver_sinusoid_with_a_microfluidic_endothelial-like_barrier_for_primary_hepatocyte_culture?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6519051_An_artificial_liver_sinusoid_with_a_microfluidic_endothelial-like_barrier_for_primary_hepatocyte_culture?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6519051_An_artificial_liver_sinusoid_with_a_microfluidic_endothelial-like_barrier_for_primary_hepatocyte_culture?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6296975_High-density_microfluidic_arrays_for_cell_cytotoxicity_analysis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6296975_High-density_microfluidic_arrays_for_cell_cytotoxicity_analysis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/6296975_High-density_microfluidic_arrays_for_cell_cytotoxicity_analysis?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/5660377_Microfluidics_for_Drug_Discovery_and_Development_From_Target_Selection_to_Product_Lifecycle_Management?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/5660377_Microfluidics_for_Drug_Discovery_and_Development_From_Target_Selection_to_Product_Lifecycle_Management?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/5660377_Microfluidics_for_Drug_Discovery_and_Development_From_Target_Selection_to_Product_Lifecycle_Management?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/5660377_Microfluidics_for_Drug_Discovery_and_Development_From_Target_Selection_to_Product_Lifecycle_Management?el=1_x_8&enrichId=rgreq-59a1943e66346f0f28e43a28e4297098-XXX&enrichSource=Y292ZXJQYWdlOzI4MTM0Mzk1OTtBUzoyODQ5MTc0MTkyNjYwNDlAMTQ0NDk0MTAxNDk1Ng==
https://www.researchgate.net/publication/281343959



