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Abstract

Undifferentiated types of cells found in multicellular organisms are called
stem cells, having characteristic to differentiate into a range of different
types of adult cells. These basic cells have the ability to self-renew them
without any limit and are also considered as multipotent. These two main
features make them potent for tissue engineering and regenerative
medicine. Differentiation of these potent cells depends upon various
factors, including physical, chemical and biological cues. The fate of stem
cells can be controlled by the deliberate regulation of the interaction
between stem cells and their microorganisms. Cell differentiation is known
to be greatly influenced by the surrounding environment, such as a
composite scaffold system along with naturally occurring matrix
containing a synthetic polymer, providing a microenvironment for
differentiation. In this review, we present an introduction to the
biomaterials used in the gene therapy, immunotherapy, stem cell therapy
and tissue engineering. Biomaterials which are under clinical trials have
also been discussed in this review. Tissue engineering stem cells, scaffolds,
and signaling molecules are three essential elements provides an effective
outcome in preclinical animal studies.
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Introduction

Friedenstien was the first scientist who opened door
to the era of stem cell therapy when he discovered
first stem cell lines from the stroma of bone marrow
in 1970. These stem cells were non-hematopoietic,
capable of forming different colonies, able to grow
and having morphology like fibroblast cells [1]. Stem
cells are actually unspecialized cells that transform
into specialized cells [2]. Despite several drug
availability, there is always vacuum present in
controlling diseases. This approach provided
alternative ways to cure diseases such as stem cell
therapy [3]. Stem cells can treat many ailments of
humans and animals. They can differentiate into
more than 200 tissue or organ-specific cells under
specific conditions [3]. Stem cell research is creating
a lot of hope in modern therapeutics, especially in the
fields of replacement of lost tissue and organ
transplantation. Stem cells exist in two broad
categories: embryonic stem cells and adult stem cells.
Embryonic stem cells can be derived from blastocyst
[5]. They are derived from those embryos, which still
does not attach with a uterus. At this stage, the
embryo may be at 32 cell stage [4].

On the other hand, adult stem cells are found in
different adult tissues (children or adult). In these
tissues, these stem cells are used for different
purposes such as to regenerate damaged part or to
form new cells to take place of dying cells. Stem cells
are further divided into many types. One such type is
totipotent stem cells. Totipotent stem cells have the
ability to form any tissue of the body, including
placenta. Only morula cells can be regarded as
totipotent cells. The second type is pluripotent stem
cells. These cells are descendent of totipotent cells.
Their differentiation ability is limited than totipotent
cells. They can differentiate into only those cells
which are derived from three germ layers, i.e.,
ectoderm, mesoderm and endoderm. They cannot
differentiate into placental tissue. They can be
derived from blastocyst inside blastula before
implantation within five days of fertilization. The
third type is multipotent stem cells, which can
produce only related family of cells, for example,
hematopoietic stem cells can differentiate into blood
cells only (red blood cells, white blood cells,
platelets), whereas, unipotent is the fourth type of
stem cells are able to produce only single type of cells
[5]. The aim of this review was to describe the
biomaterials used for gene therapy, immunotherapy,
stem cell therapy and tissue engineering.
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Biomaterials which are under clinical trials have also
been discussed in this review.

Different  stem
therapeutic effects

cells and their

First successful bone marrow transplantation incident
started a great era of stem cell therapy in 1968 [6].
Habitats, differentiation and therapeutics of some stem
cells are given below:

Amniotic fluid-derived stem cells (AFSCs)

AFSCs have easy accessibility, the capacity of
renewal and differentiate into multiple lineages.
AFSCs can differentiate into all three-germ layer.
AFSCs can transform into adipose, muscle, bone and
neuron cells. AFSCs are considered an interesting
source of stem cells in cell-based therapy. They have
shorter doubling time, i.e., 36 hours as compared to
other sources of stem cells and can easily differentiate
into many cell lines under specific conditions. Their
increased rate of proliferation and differentiation into
a variety of cell lines, which includes osteogenic
lineages as well, make them more attractive [7].

Adipose tissue-derived stem cells (ADSCs)

ADSCs are considered the attractive source of stem
cells [8]. They are easily accessible for research and
other purposes and grow abundantly. They have a high
proliferation rate and don’t need a long time to
preserve in cell banks. They don’t contain HLA-DR
antigens, due to which there is no chance of transfer of
contagious diseases or rejection during auto and
allograft transplant of these cells.

Endothelial colony forming cells (ECFCs)

Blood (especially umbilical cord blood) contains
progenitor cells, which differentiate into ECFCs.
ECFCs are considered the best source of stem cells in
tissue engineering and repair of blood vessels. These
cells can be used as a treatment due to their
regenerative  capability. They possess high
proliferation rate in a short time [9]. The ability of
neovascularization is found in ECFCs but not in MSCs
and myeloid cells. ECFCs have the remarkable ability
in modulating the behavior of other cells because they
can also be used as gene delivery vehicles. ECFCs can
be used in the treatment of diabetes mellitus, cancer
and hemophilia A. ECFCs can also be used to make
new blood vessels in peripheral ischemia, retinal
ischemia lung diseases, brain injury trauma, vessel
damage and in stroke. In patients with hemophilia A
and anemia, ECFC-based gene delivery mechanism is
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considered appropriate for the administration of
recombinant proteins. ECFCs produced coagulation
factor VIII, when transfected with a plasmid
containing cDNA can be used in the treatment of
hemophilia. Their specific uses are also noticed in
ischemic diseases and tissue reconstruction in the
previous ten years [10].

Mesenchymal stem cells (MSCs)

MSCs have tissue regenerative features and
remarkable role in tissue engineering and cellular
therapy. They are present in bone marrow (adult),
fetal tissues (bone marrow, liver), placenta, umbilical
cord (matrix, blood), dental tissues, peripheral blood,
adipose tissues, synovial membranes, deciduous
teeth, liver, periosteum and muscles. MSCs can
differentiate into skeletal tissue, bone, tendon,
adipocytes, osteoblasts, chondrocytes, neurons,
myocytes and cardiomyocytes [11]. MSCs disturb
natural pathway of infection because they increase
the formation of interleukin (IL-10), suppress
cytokine production and shift macrophages to the
anti-inflammatory site. In a study, animals show
resistance against Mycobacterium tuberculosis when
MSCs are administered to them. In an experiment,
MSCs were used in rats affected by myocardial
infarction (MI). These MSCs maintains structure
(fibrotic tissue decreased) as well as function (left
ventricular systolic increased) of heart [12].
Similarly, heart function is improved in chronic heart
failure as well as in MI [13]. MSCs can treat not only
different diseases of bone but also congenital skeletal
diseases [14]. For example, MSCs can treat
osteogenesis imperfecta (Ol), which is a congenital
skeletal disease, caused by a mutation in genes.
Similarly, many studies have been conducted in
animal models suffered from Ol and treated
successfully with MSCs. MSCs can also be used in
the repair of long bone fractures [15]. For example,
studies proved the reparative effect of MSCs in bone
fractures [16]. Similar effects are noticed in rats with
a femur fracture. MSCs were successfully
transplanted and differentiated into the bone tissue
[17]. Quarto and coworkers also mentioned MSCs as
effective for large bone defects [18]. MSCs are also
reported in the treatment of disc degeneration [19].
Yoshikawa and his coworkers also mentioned the use
of MSCs in humans suffered from lumbar spinal
canal stenosis [20]. In another study, 10 patients
suffered from back pain and Ilumbar disc
degeneration, were treated with MSCs. Remarkable
progress noticed when pain and disability improved
within three months and water level raised in one

Science Letters 2018; 6(3):94-100

year. MSC injection improved degeneration of
enthesis (connective tissue between tendon or
ligament and bone) in rats within 45 days [21]. In
racehorses suffered from digital flexor tendinopathy,
MSCs intra-lesion injections reduced injury [22].
Autologous MSCs and bone marrow stem cells also
treated 10 patients of degenerative disc defects and
15 patients of intertrochanteric hip fractures,
respectively [23]. Everything has pros and cons.
Similarly, MSCs have some disadvantages too.
MSCs support proliferation of cancer cells despite
their therapeutic effects [24], especially breast cancer
cells (T47D, BT474, ZR-75-1). MSCs support the
growth of tumor cells in a study of mice. MSCs also
produce drug resistance in cancer cells and increase
their metastasis.

Stem cells from apical papilla (SCAP)

SCAP was first discovered by Sonoyama and
coworkers from the apical papilla (tissue present at
the apex of incompletely developed permanent
teeth). SCAP can differentiate into bone, teeth,
adipose and neuron under specific conditions [25].
Stem cells from human exfoliated deciduous teeth
(SHED) were initially discovered by Miura and
coworkers from remnants of the vital pulp of
exfoliated deciduous teeth [26]. SHED is having a
faster proliferation rate, self-renewal capacity and
multilineage differentiation. SHED can differentiate
into bone, adipose, teeth and blood vessels. In
another experiment, stem cells were used to treat
glioblastoma (brain tumor), which was incurable
before [27]. Stem cells can treat different injuries of
the spinal cord, bone and cartilage [28]. Stem cells
are also capable to rebuild cartilage [29]. Stem cells
isolated from dental pulp [30], muscle cells, bone
marrow, periosteum and adult bone [31] are used in
bone tissue engineering. Stem cells obtained from
healthy pulp tissue, apical papilla, SHED and SCAP
are used in the regeneration of dentin or pulp. Using
some transcription factors, induced pluripotent stem
cells (iPSCs) can be obtained from adult somatic
cells or terminally differentiated cells by the reverse
process. But instead of adult somatic cells, other stem
cells (MSCs, DPSCs, SCAP, SHED) can also be
changed into iPSCs more easily [32]. iPSCs can
transform into nearly all cell types and do not initiate
rejection by immunity. iPSCs can also be changed
into a neural crest-like cells in vitro and odontoblasts.

Combined effect of stem cells with factors

Some stem cells can also combine with other stem
cells and/or factors to treat diseases. There are many
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examples available related to this combination. The
craniofacial defect-osseous defect of the jaw was
regenerated after treatment with a combination of
tissue repair cells (TRC) and guided bone
regeneration (GBR), which was further confirmed by
radiological and tomographic measures.
Combination of ECFCs with decalcified bone, skin
sheets or pancreatic islets helps in tissue repair.
Combination of ECFCs with pancreatic islets is also
used in diabetic rats, which results in a reduced
inflammatory response, better glucose level
regulation in blood and graft function. Different cell
types can be co-implanted with ECFCs and showed
remarkable results in tissue or organ function,
regeneration and improved new vessel formation.
These cell types include adipose tissue-derived stem
cells (ADSCs), mesenchymal stem cells (MSCs),
smooth muscle cells (SMCs) and myeloid cells.
Combination of ASCs and ECFCs with pancreatic
islets (pig) or mature adipocytes (human) induced
neovascularization at the subcutaneous flank region
of mice. These studies confirmed the use of ECFCs
in the treatment of type 1 diabetes [10]. Combination
of ECFCs with MSC-derived smooth muscle cells
treated cranial defects in mouse [33]. ECFCs (alone
or combined) loaded spheroids improved bone
formation [10]. ECFCs have the ability to make new
blood vessels. Their ability was increased when
ECFCs were mixed with MSCs or ADSCs. Neural
crest-like cells (NCLC) can transform into
odontoblasts when co-culture with mouse dental
epithelium. Pluripotent stem cells along with
epithelium and MSCs, induced the formation of
dentin-like and dental pulp like structures in the
mouse. Lee and coworkers repaired human knee
cartilage by MSCs mixed with hyaluronic acid in 70
patients [34]. Ueda and coworkers treated 14 patients
of mandibular defects with a mixture of plasma rich
protein (PRP), MSCs and thrombin/calcium chloride
[35].

Use of scaffolds in tissue engineering

The scaffold provides a synthetic extracellular matrix
(ECM) environment to cells for tissue regeneration
and plays an important role in tissue engineering. On
the basis of different scaffolds, tissue engineering has
been developed for restoration and repair of damaged
skeletal systems. Scaffolds were made from several
composite materials, but only a few were capable to
induce osteogenesis. An ideal scaffold should have
good osteoinductive bioactivity, biocompatibility,
proper pore size, high porosity and desired
hierarchical structure. An ideal scaffold should have
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a 3D porous structure. Porosity should be 70% and
pore size should be from 50-900 pum. Because of
orderly structure, scaffolds were fabricated by low-
temperature  deposition manufacturing (LDM)
techniques. Some techniques formed hierarchical
porosity after washing with deionized water,
fabricating and drying at more than 90°C [36].

Nacre

Nacre is biomineralization product of a living
organism, which makes pearls and shells. In this case,
nacre is defined as ideal to make scaffold due to its
properties such as the genetic relationship with bone,
good biocompatibility =~ and  osteoinductive
bioactivity. Instead, nacre has also been proved to be
as osteoinductive in vivo [37]. Nacre implant has
excellent biodegradable property and can be
dissolved and absorbed in vivo. When shell nacre and
pearl nacre were compared, later one was found
better as osteogenetic agent and contains more
organic substances. Efficacy of scaffolds can also be
increased by adding inorganic materials to them.
However, excess pearl powder distorted slurry jet
process and interrupted succession of polyester
matrix due to which structural quality and
mechanical properties of scaffolds were affected.
Although pearl is perfect natural compound for
osteogenesis, its applicability is limited due to
damageable osteoinductive bioactivity, difficulty in
molding and low porosity [38].

Poly (lactic-co-glycolic acid) (PLGA) and others

Polylactone-type polymers, PLGA, has also been
approved for human clinical use as material for
scaffolds by US Food and FDA [39]. PLGA is
considered as excellent biomaterial with many good
features. The combination of PLGA and pearl can be
used to make suitable scaffolds. The ratio of
PLGA/pearl 70:30 was better-ordered structure than
the ratio of PLGA/pearl 50:50. PLGA/pearl scaffolds
are used for the growth of cells and replaced by
autologous bones. In a comparison of PLGA/pearl
with PLGA/TCP scaffolds, stem cell proliferation
and adhesion were higher in PLGA/pearl scaffolds
[39]. PLGA can be used with RP techniques over the
long run.

Tri-calcium phosphate (TCP)

Another material is TCP that can also be used with
RP techniques. Other biomaterials used in bone
tissue engineering are natural or recombinant bone
morphogenetic proteins, demineralized bone matrix,
natural or synthetic hydroxyapatite (HA) and
ceramic-based scaffolds. Although ceramic-based
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scaffolds are not suitable for cells due to brittleness,
poor cell infiltration and low cell-adhesion property
[40]. Hydrogels and polyesters can also be used as
scaffolds in bone tissue engineering.

Use of different stem cells on scaffolds

Amniotic fluid stem cells (AFSCs)

Human AFSCs also differentiated into osteoblasts
when grown on scaffolds. In many papers, AFSCs
were discussed that they were grown on scaffolds and
used for different purposes in tissue engineering [41].

Adipose-derived stem cells (ADSCs)

Alginate and collagen scaffolds can be used to grow
ADSCs. In a study, ADSCs were grown on HA-TCP
and transformed into osteoblasts to repair defects in
tibia bone in an animal model. Cell-free HA-TCP
was used as a control. The result showed that formal
group was more beneficial and increased mineral
matrix, more strength and suitable environment were
seen [42].

Endothelial colony-forming cells (ECFCs)

ECFCs have been grown on scaffolds efficiently as
evidenced by some researchers [10].

Mesenchymal stem cells (MSCs)

Use of MSCs on scaffolds has also been reported in
works by different scientists. Hydroxyapatite (HA)
scaffold is considered as similar to natural bone and
suitable for bone tissue engineering. In another study,
MSCs were grown on PLGA/pearl scaffolds prepared
by LDM technology [39]. Similar studies were also
reported by different scientists [43]. Other scaffolds
used for MSCs were PCL, type | collagen, silk,
PLA/DBP, PLLA-COL1, PLCL/gelatin, PLGA/HA
and PCL/nHAp. In another study, MCM coated with
hydroxyapatite used to grow MSCs and treated four
patients of a thoracic-lumbar spine fracture. The
damaged tendon was also repaired by MSCs grown
on scaffold [44]. Three patients with anterior
maxillary cleft defects were also treated with MSCs
grown on biphasic scaffolds. In another study,
biomimetic composite nanofibrous scaffolds made of
hydroxyapatite/ chitosan (HAp/CTS) were used to
grow murine mesenchymal stem cells (mMSCs) for
osteogenesis [45]. MSCs also transformed into
cardiac progenitor cells grown on collagen scaffolds.

Stem cell from human exfoliated deciduous teeth
(SHED)

SHED transformed into a dental pulp tissue when
loaded on scaffolds/tooth slices and transplanted into
immunocompromised mice [46].
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Pluripotent stem cells (PSCs)

PSCs were grown on a 3D cellulosic scaffold and
they transform into hepatocyte-like cells. These cells
showed close similarity to primary human
hepatocytes as compared to conventional 2D systems
[47].

Human embryonic stem cells (HESCs)

HESCs and bovine osteoblasts were grown in the
porcine bladder submucosa matrix—poly (D, L-
lactide-co-glycolide)  (BSM-PLGA) composite
scaffolds. These scaffolds are degradable and
biocompatible [48].

Bone marrow stem cells (BMSCs)

Human BMSCs are also considered the most
common source of osteoprogenitors for bone tissue
engineering. But to induce osteogenesis by BMSCs,
certain points to be considered, such as there should
be high calcium content, the presence of HA,
appropriate stiffness of scaffold [48] and proper
supply of specific hormones and growth factors is
necessary.

Conclusions and future prospects

Stem cells derived from all sources hold immense
medical promises. Stem cell therapies have virtually
unlimited medical and dental applications. This
review discusses a number of already established
new stem cell approaches and strategies. Further
studies are necessary to develop optimized growth
and differentiation protocols and reliable safety
assays to evaluate the potential of stem cells and their
derived specialized cells for the broader application
in regenerative medicine and drug development. The
use of scaffolds for tissue regeneration has also been
discussed. Besides that, the materials used to develop
scaffolds in tissue engineering are reviewed. This
review is intended to illustrate the important roles of
the materials science of scaffolds and engineering in
the field of tissue engineering. Despite these recent
improvements to the mechanical properties, porosity,
and bioactivity of scaffolds, future research is needed
to overcome any remaining limitations in the
fabricating process. We believe no one material will
satisfy all design parameters in all applications, but a
wide range of materials will find uses in various
tissue engineering applications.
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