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Abstract: Abstract: Stem cells are undifferentiated cells with the ability to proliferate and convert
to different types of differentiated cells that make up the various tissues and organs in the body.
They exist both in embryos as pluripotent stem cells that can differentiate into the three germ lay-
ers and as multipotent or unipotent stem cells in adult tissues to aid in repair and homeostasis. Per-
turbations in these cells’ normal functions can give rise to a wide variety of diseases. In this re-
view, we discuss the origin of different stem cell types, their properties and characteristics, their
role in tissue homeostasis, current research, and their potential applications in various life-threaten-
ing diseases. We focus on neural stem cells, their role in neurogenesis and how they can be exploit-
ed to treat diseases of the brain including neurodegenerative diseases and cancer. Next, we explore
current research in Induced Pluripotent Stem Cells (iPSC) techniques and their clinical applications
in regenerative and personalized medicine. Lastly, we tackle a special type of stem cells called Can-
cer Stem Cells (CSCs) and how they can be responsible for therapy resistance and tumor recur-
rence and explore ways to target them.

Keywords: Stem cells, differentiation, induced pluripotent stem cells, cancer stem cells, neurogenesis, regenerative medicine.

1. INTRODUCTION: STEM CELLS IN HEALTH AND
IN DISEASE

1.1. Types of Stem Cells

For the past two decades, and ever since the derivation
of the first human embryonic stem cell in 1998 [1], the scien-
tific community has witnessed an exponential increase in re-
search related to human stem cells [2], from embryonic de-
velopment  throughout  adulthood,  exploring  their  roles  in
physiological  growth  and  homeostatic  regeneration,  and
their potential therapeutic importance in fields of regenera-
tive medicine. A stem cell may be defined as an undifferenti-
ated unit in a multicellular organism, that retains the ability
to self-replicate indefinitely, and from which multiple cells
of a specific function may arise by downstream differentia-
tion  [3,  4].  In  general,  stem  cells  can  be  characterized  by
their self-replication ability, as well as their potency. As op-
posed to somatic cells, embryonic stem cells, derived from
inner cell mass of mouse or human blastocysts and cultured
in  vitro  –  maintain  their  long-term  ability  of  self-renewal
(survival), under  special  conditions,  while  retaining  their
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ability to give rise to a variety of functional differentiated
cells (potency) [1, 3, 5, 6].

The potential in which each stem cell is capable of giv-
ing rise to a variety of differentiated cells defines its potency
[3,  7].  Pluripotent  stem  cells  represent  the  most  primitive
form of stem cells, generally derived from embryonic blasto-
cysts, and further differentiate throughout the course of em-
bryonic development into three germ layers (mesoderm, ec-
toderm and endoderm) [7]. While these cells are able to dif-
ferentiate into cells of the embryo proper, they fail to gener-
ate extra-embryonic tissues, such as the trophoblastic layers
of the placenta, which are produced by a state of totipotency
at the level of the fertilized egg. The placenta itself carries a
subpopulation of self-renewing multipotent cells, trophoblas-
tic stem cells, that give rise to all heterogeneous subtypes of
placental cells and provide an in vitro model to study placen-
tal diseases [8]. Notably, pluripotency can be restored by re-
programming  somatic  cells  into  an  earlier  developmental
state, through activating key genes highly expressed in earli-
er  lineages,  and  generating  “Induced  Pluripotent  Stem
Cells”  (iPSCs).

Multipotent  cells,  like  hematopoietic  stem  cells,  and
unipotent  cells,  like  satellite  cells  of  skeletal  muscles,  are
characterized by lineage specificity and limited differentia-
tion profiles [7]. Virtually, all adult tissues contain a subpop-
ulation of self-renewing, clonal, undifferentiated adult stem
cells, that maintain tissue homeostasis and orchestrate dam-
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age repair following injury [9, 10]. Such cells were identi-
fied in specific “niches” within the bone marrow [11], skin
[12], muscle [13], intestine [14], heart [15], and brain [16],
among other tissues and organs. Following somatic cellular
senescence, cell death, or injury, these cells receive trophic
factors from their niches and surrounding structures to regen-
erate the damaged tissues and maintain its integrity. This ef-
ficacy of the repair mechanism is highly variable across dif-
ferent organs: whereas the complete homeostatic regenera-
tion of the intestinal monolayer from basal stem cells takes
place every 4-5 days [17], the primitive cardiac cells fail to
thrive and differentiate following cardiac ischemic damage
to the mammalian heart, despite their commitment to a cardi-
ac lineage differentiation [18].

1.2. Role of Stem Cells in Diseases and Cancer

Stem cells may not only disrupt the normal processes of
tissue homeostasis but may also lead to abnormal tissue for-
mation. In fact, in the past two decades, it has been estab-
lished  that  stem cells  are  also  highly  implicated  in  cancer
and  play  a  key  role  in  tumor  formation  and  pathogenesis.
The discovery of tumor heterogeneity led to the identifica-
tion of a small subpopulation of cells within the tumor bulk
known  as  the  Cancer  Stem  Cells  (CSCs),  defined  by  a
unique set of characteristics including self-renewal, allowing
long-term maintenance of tumors, and resistance to conven-
tional treatment, responsible for recurrence and relapse [19,
20].  Emerging  studies  have  focused  on  finding  specific
molecular markers characteristic of the CSC subpopulation
in different cancer types, such as in neuroblastoma [21] and
pediatric brain tumors, including low-grade gliomas and me-
dulloblastomas [22-24], and on assessing the ability of spe-
cific targeted therapies in eradicating these cells responsible
for tumor resistance to treatment, such as in neuroblastoma
and glioblastoma [25, 26], lung adenocarcinoma [27], pros-
tate cancer [28-31], and bladder cancer [32].

Alterations  in  the  process  of  adult  neurogenesis  have
been postulated to play a role in the pathogenesis of neurode-
generative  diseases,  such  as  Parkinson’s  disease  and
Alzheimer’s Disease (AD), with each disease exerting a dif-
ferent effect on the population of Neural Stem Cells (NSCs)
leading  to  their  dysfunction  [33,  34].  Studies  have  shown
that in AD, the most common cause of adult dementia, key
molecular players involved in the pathogenesis and progres-
sion of the disease also play a role in modulating adult neuro-
genesis [33]. However, the precise mechanisms underlying
the pathophysiology of different neurodegenerative diseases
remain  unclear.  Recent  techniques  involving  Induced
Pluripotent Stem Cells (iPSCs) have allowed their explora-
tion in vitro using representative models of various diseases
[34].

Perturbations and deviations in NSC development have
also been suggested to be correlated with neuropsychiatric
diseases,  such  as  Autism  Spectrum  Disorders  (ASDs),  in
which neurons of the cerebral cortex were found to have a
disrupted architecture due to an abnormal process of neuro-
genesis [35, 36]. In other instances, it is the inhibition of neu-

rogenesis that underlies the pathogenesis of the disease, such
as during episodes of depression, hence the possibility that
anti-depressive medications may exert their effect by increas-
ing neurogenesis in the adult brain [37, 38].

2. STEM CELLS AND NEUROGENESIS

2.1. What is Neurogenesis?

Neurogenesis is the process of continuous generation of
new neurons from limited quiescent niches in the brain. Dur-
ing development and in postnatal life, neurogenesis is very
crucial as it gives rise to all components of the Central Ner-
vous System (CNS). Differentiated neurons can re-enter the
cell cycle in response to pathological insults. However, neu-
rons that re-enter the cell cycle usually die through apoptosis
[39]. In Alzheimer’s Disease (AD) [40], Parkinson’s disease
(PD) [41, 42], and amyotrophic lateral sclerosis (ALS) [40,
43, 44], neurons that are primed to re-enter the cell cycle are
more susceptible to cell death [39, 45]. It is established that
the only way that the adult brain can regenerate and create
new  neurons  is  through  neurogenesis.  Unfortunately,  in
adults, newly formed cells are difficult to maintain and are
more  likely  to  be  lost  than  the  cells  born  during  develop-
ment [46]. Thus, researchers were interested in discovering
molecules and therapies that would induce and enhance neu-
rogenesis especially in cases of neurodegeneration.

The adult human brain retains a limited capacity for neu-
rogenesis [47-49], where it has been preserved in two main
quiescent niches; the subventricular zone of the lateral ventri-
cle and the dentate gyrus of the hippocampus. These two pre-
served reservoirs are thought to harbor the neurogenic capac-
ity of the adult brain and carry out functions related to cogni-
tion, memory encoding, learning and a debatable role in neu-
ronal replacement in damaged brain sites [50].

2.2. Role of Stem Cells in Neurogenesis

The stem cell niches are specialized microenvironments
that  dynamically  influence  the  replication,  differentiation,
and  self-renewal  of  their  residing  stem cells.  In  the  brain,
niches carrying neural stem cells are localized exclusively in
the Subventricular Zone (SVZ) and the Dentate Gyrus (DG)
of the hippocampus; neuronal precursors from both niches
migrate further as they differentiate to their terminal loca-
tions in the olfactory bulb and deeper layers of the hippocam-
pus, respectively [16, 51]. Despite technical limitations that
relatively restrict our ability to study adult neural stem cells,
this field has seen major breakthroughs over the past years
about key factors that regulate this phenomenon, and impor-
tant  behavioral  associations  across  healthy  and  diseased
states.

2.2.1. Neurogenic Niches
The  adult  brain  comprises  two  primary  regions  which

contain adult Neural Stem/Progenitor Cells (NSPCs) respon-
sible for the generation of these new neurons. The first re-
gion lines the lateral ventricles and is called the subventricu-
lar  zone  (SVZ),  while  the  other  lies  in  the  Dentate  Gyrus
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(DG) of the hippocampus [52]. These NSPCs are quiescent,
self-renewing and multipotent stem cells that undergo prolif-
eration upon activation by niche-derived and/or intrinsic sig-
nals to give rise to new neurons. The newborn cells predomi-
nantly differentiate into neuronal cells that eventually ma-
ture and integrate into pre-existing circuitries after several
weeks [53, 54].

2.2.2. Dentate Gyrus Niche
Quiescent NSPCs or type-1 cells of the dentate gyrus are

radial glia-like cells that pass through different developmen-
tal stages to generate new integrated and functional neurons
[55, 56]. These are activated to generate non-radial prolifer-
ating cells called the Transit Amplifying cells (TAPs) which
amplify the neurogenic cell pool of type-2 cells [57]. These
cells generate immature neurons which will migrate into the
granule cell layer and mature after three weeks into granule
cell neurons. These neurons branch out processes as they ma-
ture, and, by the end of the maturation state, the processes
will develop into a large dendritic arbor that will project into
the adjacent  molecular  layer and axons that  will  innervate
target  cells  of  the  hilus  and area 3  of  the  Cornu Ammonis
[58, 59].

There are two types of neuronal stem cells in the Sub-
granular  Zone (SGZ) of  the dentate gyrus that  can be dis-
cerned by the differential expression of markers as well as
their  proliferation  dynamics  and  their  differentiation  apti-
tudes [60]. Proliferating horizontal type 1 cells that are most-
ly  quiescent  in  state  and  express  the  following  markers:
Nestin (Nes), Glial Fibrillary Acidic Protein (GFAP), Brain
lipid-binding protein (Blbp), Glutamate transporter (Glast),
and Sox2. Type 2 cells are highly active proliferative NSCs
that express the proliferating cell nuclear antigen (Pcna) and
continue to express Nestin and Sox2 as they stem from type
1 cells which are identified by a 1-day BrdU exposure [60].
Sox-2 is a transcription factor that is essential for pluripoten-
cy and maintaining self-renewal, while Nestin is an interme-
diate filament protein that  is  extensively used as a marker
for NSCs. BrdU is a synthetic analog of thymidine that inter-
calates into replicating DNA and is thus used to detect and
tract proliferating NSCs [61].

This indicates that functionally different groups of active
and quiescent stem cells coexist in the hippocampus and it is
rather the depletion of the active NSCs than quiescent NSCs
that lead to impaired neurogenesis in aged mice. External sti-
muli can activate the quiescent state of NSCs. Running, for
example, specifically recruits quiescent NSCs into the active
NSC pool. In addition, Seizures can act like a stimulus to re-
activate the quiescent NSCs in aged mice. One study demon-
strated that the quiescence of SGZ NSCs is specifically main-
tained by Bone Morphogenic Protein (BMP) signaling such
that the inhibition or ablation of BMP signaling results in a
temporal rise in progenitor proliferation and subsequent de-
crease  of  neurogenesis  due  to  exhaustion  of  the  stem  cell
pool  [62].  Furthermore,  previous  studies  reported  that  the
Wingless related integration site (Wnt) signaling pathway,
which  plays  a  role  in  regenerative  tissue  processes,  is,  to

some extent,  involved in  the  regulation of  active  NSCs in
the SGZ. The pathway’s activation in the SGZ progenitors
and  in  coordination  with  Sox2  promoted  the  proliferation
and  neuronal  differentiation  of  hippocampal  progenitors
through inducing the expression of  Neurod1.  Therefore,  it
might be that Wnts act as a key signal to activate NSCs in
the hippocampus [63].

2.2.3. SVZ Niche
In the SVZ, the restricted neural progenitor cells will mi-

grate through the Rostral Migratory Stream (RMS) towards
the Olfactory Bulb (OB) through a glial cell scaffold [64].
The germinal region of the SVZ is composed of four differ-
ent cell types: Migrating neuroblasts (type A cells), slowly
proliferating B1 astrocytes (type B cells),  rapidly dividing
immature precursors or transit amplifying NPCs (type C cell-
s)  and  ciliated  ependymal  cells  that  might  correspond  to
NSCs [65].While the NSPCs reside in the SVZ, neurogene-
sis continues in the OB, where the cells differentiate into dif-
ferent types of olfactory neurons and functionally integrate.
However, olfactory neurogenic niche and a rostral migratory
stream do not exist in humans. Rather in humans, the neuro-
genic niche of the SVZ is suspected to be involved in replen-
ishing certain types of neurons in nearby brain regions such
as the striatum [66].

2.3. Molecular Regulation of Adult Neurogenesis

The proper levels of NSPC proliferation as well as their
differentiation,  migration  and  the  integration  of  newborn
cells  into  the  circuitry,  are  tightly  controlled  by  niche-
derived and intrinsic mechanisms. Each step in the lineage
progression of  the  NSPCs in  the  DG and the  SVZ is  con-
trolled by transcriptional regulators of neurogenesis such as
Sox2, NeuroD1, Pax6, Gsx2, Sp8, Prox1, Asc11, TLX (the
nuclear receptor subfamily 2, group E, member 1 or NR2E1)
[53]. Levels of neurogenesis are also controlled by epigenet-
ic mechanisms such as histone modifications recognized by
MBD1,  or  through  small  non-coding  RNAs  like  mir-124
[53]. Besides these intrinsic regulators, NSPC activity and
neuronal  differentiation  are  controlled  by  different  niche-
derived morphogens, neurotransmitters, growth factors and
some  cytokines.  These  include  γ-aminobutyric  acid
(GABA), glutamate, brain-derived neurotrophic factor (BD-
NF), Epidermal Growth Factor (EGF), fibroblast growth fac-
tor 2 (FGF2), Wnt ligands, Sonic hedgehog (Shh), BMP, in-
terleukin 6 (IL6) and tumor necrosis  factor  alpha (TNFα),
among others [53].

2.3.1. Molecules and Therapies Inducing Neurogenesis
A main feature of neurogenesis is that it is sensitive to

modulation by intrinsic and/or extrinsic factors [47-49, 67,
68]. Intrinsic factors such as aging, neurodegenerative diseas-
es,  oxidative  stress,  neuroinflammation,  brain  injury,
lifestyle  changes,  certain  diets  and  alcohol  consumption
have all been shown to substantially modulate adult neuroge-
nesis.  Extrinsic  factors  include  examples  such  as  supple-
ments and vitamin consumption, anti-depressant drugs, deep
brain stimulation and exercise, which were implicated in reg-
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ulating adult neurogenesis as well. Thus, the newly formed
cells represent a malleable source to a variety of inputs, stim-
uli or factors offering a chance for additional functions and
roles in the brain.

Exercise,  especially  running,  has  shown to  have  a  tre-
mendous effect in inducing neural stem cells and promoting
learning and memory formation and alleviating symptoms of
depression [69-72]. Exercise causes platelets in the blood to
release  factors  that  boost  the  growth  of  neural  precursor
cells in the hippocampus [73]. Hippocampal Brain Derived
Neurotrophic Factor (BDNF) is one important factor estab-
lished to mediate such effects [29]. In addition, the lactate
metabolite that is released during exercise has been shown
to cross the blood-brain barrier and exert its effects through
inducing  SIRT1-dependent  activation  of  BDNF  [74,  75].
Aside from BDNF, Nerve Growth Factor (NGF) also medi-
ates an important role in inducing NSCs proliferation. In a
clinical  trial  on  AD  patients,  NGF  given  as  an  Intracere-
broventricular (ICV) infusion was reported to have caused
an improvement in their cognitive function [76]. However,
such infusion albeit useful in boosting neurogenesis and im-
proving cognitive functions, it exerts some serious side ef-
fects  such  as  hyper-innervation  of  cerebral  blood  vessels
[77], hypophagia [78], and neuropathic pain [76, 79].

Certain  diets  and  dietary  supplements  can  influence
adult neurogenesis, among other beneficial effects [80]. For
example, diets rich in poly-unsaturated fatty acids and po-
lyphenols, such as curcumin [81] and/or omega 3 fatty acids
[82],  are  known to  induce  adult  neurogenic  plasticity  [79,
83, 84]. The flavonoids resveratrol in red grapes and antho-
cyanin  in  blueberries  and  some  others  like  quercetin  and
kaempferol were shown to boost neurogenesis and reverse
neuronal and behavioral impairment associated with aging
[85-87].  Interestingly  such  effects  were  also  mediated
through  BDNF.

In the past years, many existing drugs have been investi-
gated for potential additional role in boosting neurogenesis.
Anti-depressant drugs, especially Selective Serotonin Reup-
take Inhibitors (SSRIs) such as fluoxetine, have been found
to markedly boost neurogenesis [88-92]. In fact, such an ef-
fect is thought to be an important component in the drugs’ ef-
fectiveness. In addition, metformin, a drug commonly used
to treat diabetes type II, was found to have an additional ef-
fect in promoting neurogenesis and spatial memory [93]. Fur-
thermore, anti-inflammatory drugs have shown a positive im-
pact on boosting and restoring adult neurogenesis and cogni-
tive  function  through  regulating  microglial  activation  [94,
95]. However, long term usage of anti-inflammatory drugs
may govern significant side effects that need to be consid-
ered,  especially  that  microglial  cells  have  complex  dual
roles in the brain. Chronically suppressing microglial activa-
tion may lead to aberrant neurogenesis as they have an im-
portant role in synaptic pruning, nurturing neural stem cells
and regulation of neurogenesis [96, 97].

Deep Brain Stimulation (DBS) has been shown experi-
mentally  to  induce  neurogenesis  in  experimental  animal
models of neurodegenerative diseases [98-100]. Interesting-

ly, whether stimulating a region that has direct connections
to the hippocampus, such as the fornix or stimulating a re-
gion with no direct connections such as the prefrontal cor-
tex,  has  shown  to  enhance  hippocampal  neurogenesis  and
memory retention [101]. DBS mechanism of action has yet
to be uncovered, but its applications nowadays have surely
extended from treatment of motor disorders to treatment of
depression and psychological disorders such as OCD (obses-
sive compulsive disorder) [102-104] and hippocampal neuro-
genesis might be one plausible mechanism of how DBS ex-
erts some of its effects.

Another  interesting  approach  that  was  shown  to  boost
neurogenesis  and  exploratory  behavior  in  rodents  was  ni-
trous oxide inhalation [67]. This could have some major im-
portant implications for humans, especially that it is non-in-
vasive and had been previously used by dentists. However,
such an application needs further investigation into dosages,
frequency, and potential side effects.

The ability to modulate and improve neurogenesis offers
a lot of potential for tackling many memory disorders and
neurodegenerative and psychiatric diseases that are associat-
ed with impaired neurogenesis. However, it should be noted
that there are several risks that could be associated with such
manipulation [105].  There  is  a  potential  risk  for  depleting
neural precursor cells within the preserved niche in humans.
Another risk is that the newly born cells would not make it
to the fully mature state or not become functionally healthy
neurons or even fail to properly integrate within pre-existing
circuitries and thus, this would underlie further pathologies
such as epilepsy [106, 107]. Such possible and plausible sce-
narios hinder the direct application of hippocampal-boosting
drugs or treatments in humans and suggest that much more
research is needed on the potential side effects of boosting
neurogenesis.

2.3.2. Epigenetic Mechanisms in Neurogenesis
The Neural Progenitor Cells (NPCs) have a unique prop-

erty of remaining in a quiescent state for a long time. Epige-
netic modulators play an important role in maintaining these
adult neural stem cells and dictating their fate and differentia-
tion. This is mainly performed by an accurate control over
spatial and temporal cues from key regulators in these neu-
rons’ lifetime. Epigenetic factors can be intrinsic key regula-
tors such as transcription factors, histone modifications, read-
ers,  and  erasers  of  DNA  along  with  important  secreted
growth  factors,  cytokines,  hormones  and  neurotrophins.
Another  form  of  epigenetic  modification  can  be  directed
through extracellular environmental cues [108].

DNA  methylation  simply  means  the  production  of  5-
methyl  cytosine  (5-Mc).  Usually,  dynamic  DNA methyla-
tion  occurs  at  the  sites  of  repetitive  CG  dinucleotide  se-
quences known as the CpG islands,  which are usually hy-
po-methylated in mammals to ensure DNA stability in most
cases [109]. However, in rebellion to that dogma, recent evi-
dence has proven that methylation in neurons takes place in
low-density CpG regions [110]. Moreover, an active role of
de-methylation was found to  be  involved in  neurogenesis.
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For example, the growth arrest and DNA-damage-inducible
protein 45 β (Gadd45β) was found to promote neurogenesis
through region-specific de-methylation. A study found that
this protein enhances promotor DNA demethylation and the
expression of BDNF and FGF1 β genes,  which in turn in-
crease neuronal generation in the DG of adult mice hippo-
campus [111]. Therefore, DNA demethylation as well plays
a fundamental role in regulating the expression of key neuro-
nal genes. Moreover, the dynamics between histone methyla-
tion and demethylation are important in tailoring and con-
trolling certain gene expression levels involved in neurogene-
sis in the mammalian brain, as reviewed by Yao et al. [108].
As for histone acetylation and deacetylation, it was demons-
trated that KAT6B, a well-characterized acetyl transferase,
is highly enriched in the SVZ of the adult brain and that a
lack  of  KAT6B  leads  to  the  reduction  of  migrating  neu-
roblasts through the RMS and subsequent reduction in the
generation of interneurons in the OB [112].

2.4. Neurogenesis Debate

In  the  last  two  decades,  neurogenesis  has  been  estab-
lished  as  a  cellular  mechanism  in  the  adult  mammalian
brain.  Technological  advancement  in  the  field  has  further
served to add more studies and knowledge on the process of
neurogenesis  and  its  dynamic  regulation  in  response  to
many factors. However, most studies on neurogenesis have
been conducted on rodents, birds, zebrafish, and monkeys.
Evidence  of  neurogenesis  in  humans  come from a  limited
number of studies that have used either carbon dating or bio-
markers on postmortem brain tissues. Making things more
complicated  is  the  high  variability  in  the  results  of  these
studies.  However,  the  differences  among  these  limited
studies could be justified by the sample variation, the post-
mortem quality of the tissues and lack of reproducible tech-
niques [105].

3.  INDUCED  PLURIPOTENT  STEM  CELLS:  ROLE
IN HEALTH AND DISEASES

3.1. What are iPSCs?

Is it possible to have a specialized cell revert to an em-
bryonic  stem  cell  in  the  laboratory?  Induced  pluripotent
stem cells (iPSCs) are a relatively recent technology that re-
programs somatic cells into pluripotent cells by overexpress-
ing pluripotency associated transcription factors discovered
by Shinya Yamanaka, also called Yamanaka factors. In the
2006 landmark study by Takahashi and Yamanaka, pluripo-
tent cells were induced from mouse embryonic or adult fi-
broblasts by overexpressing four particular transcription fac-
tors Octamer-binding protein 3/4 (Oct3/4), SRY (sex deter-
mining  region  Y)-box  2  (Sox2),  Kruppel-like  factor  4
(Klf4), and cellular myelocytomatosis (c-Myc), called OS-
KM  [113],  which  led  to  the  reactivation  of  endogenous
pluripotency genes necessary for maintaining cells in an und-
ifferentiated state independent of the transgene [114]. Such
factors play a pivotal role in successful reprogramming and
inducing  and  maintaining  pluripotency  in  somatic  cells
through epigenetic remodeling, such as DNA demethylation

of pluripotency genes [114]. High amounts of the transcrip-
tion factors are needed in the initial stages of generating iP-
SCs, however they have been shown to be harmful to self-re-
newal once acquiring pluripotency. For example, the c-Myc
protein has many downstream targets that enhance transfor-
mation  and  Klf4  has  a  function  in  repressing  p53  directly
[113] and thus upregulating the expression of stem cell spe-
cific  genes  and  silencing  differentiation-associated  genes
[113]. We speculate that c-Myc and Klf4 modify chromatin
structure so that Oct3/4 and Sox2 can bind to their targets
[115].  There  are  other  gene  combinations  that  are  able  to
establish  stem  cell  phenotype,  such  as  Nanog  and  Lin28
[114].

Human iPSCs are very similar to ESCs in morphology
(tightly packed,  flat,  and high nuclear  to cytoplasm ratio),
surface protein markers, gene expression, epigenetics, telom-
erase  activity,  and  differentiation  potential  in  vitro  and  in
vivo [113]. Although the efficiency is low, transcription fac-
tors are introduced into somatic cells by transduction via a
viral vector (retrovirus, lentivirus, Sindai virus, etc.) under
embryonic stem cell culture conditions [113], which lead to
the  epigenetic  remodeling  and  endogenous  activation  of
pluripotency activators [116]. Some of the somatic cell types
that have been reprogrammed into iPSCs include fibroblasts,
peripheral blood and bone marrow mononuclear cells, adi-
pose cells, umbilical vein endothelial cells, melanocytes, ker-
atinocytes, and hepatocytes [117]. There are ways to gener-
ate integration-free iPSCs, including plasmids, Sendai virus,
adenovirus,  synthesized  RNAs,  and  proteins  [118].  Retro-
virus vectors are the most favored method for generating pa-
tient-specific iPSCs for transgene expression. However, this
may  be  problematic  since  this  transgene  integration  may
lead to “leaky expression” and disrupt endogenous transcrip-
tion factors and lead to differentiation failure [117]. Tumori-
genesis after transgene integration is a problem due to the c-
Myc gene, which is a known oncogene that can activate tu-
mor formation in  chimeric  mice,  although removal  of  this
gene reduces tumor formation but also reduces the efficien-
cy of iPSC generation [117].

These iPSCs have a transient expression of such essen-
tial transcription factors, and also have important properties,
such as their ability to be maintained indefinitely in culture
in a pluripotent state, as well as have the ability to be differ-
entiated directly into any cell type in the body, in order to
study a particular disease [116]. In particular, this will mim-
ic the primary human cell genome and genetic profile in an
undifferentiated state.

3.2. Role of iPSCs in Understanding the Pathophysiology
of Diseases and Cancer

iPSC based therapy is a valuable tool to model human
disease due to the capacity of these cells to self-renew and
give rise to all cell types in the body. This exciting technolo-
gy will give us an understanding of the molecular and cellu-
lar progression of the disease, drug response, and personal-
ized regenerative medicine and therapy [113].
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3.2.1. Modelling Diseases Using iPSCs
iPSC technology has been used to generate disease mod-

els for monogenic and polygenic diseases, hence forming a
better representation of disease-specific genetic defects. For
example,  patients  with  end-stage  liver  disease  suffer  from
“the limited availability of donor livers” as well as immune
rejection secondary to transplantation. Thus, an alternative
method,  such  as  transplanting  hepatocytes  that  have
metabolic correction genes for acute liver failures, is a clini-
cal solution to the problem [117]. There have been advances
in hepatic stem cells, however isolating and expanding them
have been difficult on a large-scale, as well as problems in
immortalizing hepatocytes through transfection mechanism,
but  they  do  not  retain  typical  hepatocyte  morphology  and
function. That is why deriving human hepatocytes by differ-
entiating iPSC holds a great promise in this field [117].

Bahmad et al. noted various iPSC studies conducted in
neurodegenerative diseases [119], such as Parkinson’s dis-
ease (PD) [120] and Alzheimer’s disease (AD) [121]. As a
result of the limited improvement in drug specificity to AD
patients,  cell-based  therapies  are  a  better  alternative.  In
essence, a study conducted by Fujiwara et al. differentiated
iPSCs to cholinergic precursors, which were transplanted in
transgenic AD mice to help improve symptoms of spatial me-
mory [122].

This breakthrough technology has allowed for the study
of cancer, in terms of its initiation and formation of the tu-
mor, the discovery of biomarkers that contribute to tumor de-
velopment, the plasticity of cancer [123], and designing can-
cer  specific  drugs.  Cancer  cells  are  reprogrammed  into
pluripotent cells, and thus the different stages of cancer are
observed through its differentiation [116]. It remains a chal-
lenge due to the difficulty of representing the cancer-specif-
ic epigenetic state and genetic mutations present [124]. iPSC
lines have been generated from existing human cancer cell
lines by optimizing the transduction of the virus vector and a
cocktail of pluripotency transcription factors, proving to be
less tumorigenic than the parent cell line [125]. For instance,
Miyoshi and colleagues were able to obtain iPSC-like cells
which express NANOG and were less tumorigenic relative
to  their  parental  cell  line  [126].  The  generation  of  iPSCs
from  patient  primary  cancer  cells  has  been  limited  to
leukemia and pancreatic cancer [125], due to the reduced re-
programming efficiency.

Unaffected (healthy) iPSCs and affected (cancer) iPSCs
provide a novel model system to compare the biology and
drug sensitivity of such cells secondary to differentiating the
clones into the particular cancer subtype [117]. Such studies
in iPSC technology are important because they address ques-
tions about the reversibility of the cancer phenotype by eras-
ing the epigenetic morphology through the reprogramming
process [116]. This will generate a library of cell lines that
are representative of the broad spectrum of the population.
The goal is to use this technology for cell therapy [117]. iP-
SC technology in cancer research gives rise to the possibility
of  autologous  transplantation,  which  involves  genetically
correcting defective cancerous cells in vitro and reintroduc-
ing them into patients [124].

Many groups have generated iPSC lines from cancer to
understand early driver events. Using a particular cell course
(such  as  fibroblasts  or  blood  mononuclear  cells),  certain
viruses (Sindai,  retrovirus,  lentivirus,  etc.)  are designed to
be  either  integrative  or  non-integrative  in  the  host  cell
genome and express  pluripotency genes  that  allow certain
clones  to  express  and  transform  the  cells  into  pluripotent
cells. Many experiments have been done to confirm the for-
mation of cancer iPSC cell lines in vitro, by detecting expres-
sion  of  factors  of  pluripotency  at  a  single-cell  level  (im-
munofluorescence and flow cytometry) and also in vivo us-
ing teratoma formation assay [123, 127, 128].

iPSCs are self-renewing and pluripotent and have the ca-
pacity to be differentiated into several cell types. Its benefits
include allowing the generation of personalized human cells.
In essence, it is suitable for disease modeling and drug devel-
opment.

3.3. Role of iPSCs in Regenerative Medicine

The emergence of iPSCs has opened up countless possi-
bilities for new cell-based therapies in regenerative medicine
because of the derived cells’ intrinsic property to differenti-
ate into all known cell types [129]. They offer an autologous
or an HLA-matched allogeneic cell source for transplanta-
tion,  minimizing the risk of  rejection and the use of  long-
term immunosuppression [129]. The original methods of iP-
SC derivation utilized retroviral or lentiviral transduction to
deliver the four Yamanaka factors “OKSM” [113]. The inte-
gration of these viral vectors into the genome of host cells
poses several major safety concerns for translational applica-
tions. There is a potential risk of insertional mutagenesis or
teratoma formation that could arise if transplanted cells are
contaminated with undifferentiated or unstable iPSCs [130].
Another major concern related to iPSC-based tumorigenicity
is the expression of two potent oncogenes, c-Myc and Klf4,
that are present in the original reprogramming cocktail. To
circumvent these issues, numerous studies have developed
various  novel  strategies  focusing  on  transient  integra-
tion-free delivery methods, including the use of adenoviral
or Sendai virus-based transductions, as well as non-viral vec-
tors such as piggyBac transposon, mRNA plasmids, episo-
mal vectors and direct protein delivery [131]. On the other
hand, several studies showed that the use of a different com-
bination of factors such as Nanog, Lin28 and others is able
to reprogram human somatic cells to pluripotent stem cells
without c-Myc and Klf4, making iPSCs safer for clinical use
[131]. Further challenges include improving the efficiency
of the reprogramming process and developing robust differ-
entiation protocols.

As  such,  the  development  of  stem cell  studies  and  the
novel discovery of iPSCs provided an important asset as uni-
versal  sources  in  regeneration  therapy  of  damaged  or  dis-
eased organs and tissues [119]. In 2010, Kazuki et al. were
able to correct the Dystrophin deficiency in a patient suffer-
ing  from  Duchenne’s  Muscular  Dystrophy  by  reprogram-
ming his cells to express the gene. Firstly, fibroblasts from
the patient were reprogrammed into iPSCs, which were then
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transfected with a human artificial chromosome carrying the
Dystrophin  gene  using  microcell-mediated  chromosome
technology [132]. In the field of cardiovascular diseases, iP-
SC-derived cardiomyocytes (iPSC-CMs) have been shown
to restore myocardial tissue and improve cardiac function af-
ter acute myocardial infarction in mice [133]. Similarly, iP-
SC-CMs from patients with arrhythmogenic right ventricu-
lar cardiomyopathy showing atypical sodium channel muta-
tions were corrected using the CRISPR/Cas-9 system, thus
restoring normal channel activity and expression [132].

The  first  successful  human  transplant  of  iPSC derived
retinal cells was performed when retinal pigment epithelial
cells generated from autologous iPSCs were transplanted in-
to the eye of a 70- year-old woman suffering from advanced
macular degeneration [134]. More recently, a clinical trial in-
volving iPSC-derived dopaminergic  neurons is  being con-
ducted to evaluate their  safety and efficacy in treating pa-
tients  with  Parkinson’s  disease  [135].  In  the  oncological
front, a clinical trial in the usage of an NK cell-based cancer
immunotherapy derived from a characterized iPSC line was
approved for the treatment of advanced solid tumours [135].
Many other iPSC clinical trials are being conducted around
the world, including studies targeting bone/cartilage, heart,
neural, immune/autoimmune, kidney, lung, liver, gastroin-
testinal, and metabolic diseases [136].

3.4. Role of iPSCs in Drug Discovery and Testing

The pluripotency and scalability of iPSC-based disease
model production have allowed for iPSC utilization in drug
screening applications [137]. Most current iPSC differentia-
tion protocols are readily scalable, meaning that they can be
used in a range of miniaturized tissue culture formats in high
throughput  platforms  to  assess  drug  efficacy  and  toxicity
[14]. With the potential to accelerate the pace of drug discov-
ery  and lower  attrition  rate,  many drug screens  have  been
conducted using human iPSC models, and potential drug can-
didates have been identified using either phenotypic or tar-
get-based screening [137]. Overall, iPSC-based drug screen-
ing has been used to evaluate more than 1,000 compounds
from pre-existing drug libraries for several diseases such as
Alzheimer’s disease, Amyotrophic Lateral Sclerosis (ALS)
and motor neuron disease leading to the identification of sev-
eral clinical candidates [138-140]. For example, in an impor-
tant report of a large-scale drug screen using an iPSC-based
disease model, Burkhardt et al. derived iPSCs from sporadic
ALS patients’ fibroblasts. They identified de novo aggrega-
tion of TAR DNA-binding protein 43 (TDP43) in differenti-
ated motor neurons from these iPSCs and used it as a read-
out  for  a  high-content  chemical  screen  to  identify  small
molecule modulators that reduced TDP43 aggregation [138].

3.5. Pros and Cons of iPSCs

Patient-specific iPSCs provide opportunities in regenera-
tive medicine, drug discovery, cell replacement therapy and
other areas of the medical sciences. It also provides an ethi-
cal manner of using stem cell therapy that overrides any im-
mune rejection that might occur [141]. Previous research in

cancer involved resecting primary tumors from patients and
comparing established cell lines to understand the progres-
sion of cancer and biomarkers in the later stages of the dis-
ease.  However,  it  is  not  as effective as patient-derived iP-
SCs, which represent earlier stages in tumor initiation, since
early molecular events can be identified directly for the cell
type [125].

A  disadvantage  in  acquiring  skin  fibroblasts  from  pa-
tients, which is the most common way to generate iPSCs, is
that it requires local anesthesia, incision, suturing, and it is
concerning if the starting fibroblasts contain chromosomal
aberrations due to UV exposure. Using peripheral blood is a
less invasive way to generate iPSCs, however it has a lower
induction efficiency than using fibroblasts, time-consuming
and expensive to isolate granulocyte colony stimulating fac-
tor (G-SCF) mobilized CD34+ blood cells and transduce to
hiPSC [141].

4.  CANCER  STEM  CELLS:  MOLECULAR  AND
THERAPEUTIC TARGETS

4.1. Origin of Cancer Stem Cells

Stem cells are an undifferentiated population of cells al-
most always found in every organ and tissue in the human
body with the potential to undergo self-renewal and differen-
tiation, maintaining the homeostasis of those tissues and or-
gans in an organized manner. Science studied the existence
of 3 types of stem cells: Embryonal, germinal, and somatic
stem cells.  Embryonal  cells  arise  from fertilized  eggs  and
serve  as  precursor  cells  for  adult  organs.  Germinal  stem
cells are reproductive cells giving rise to eggs and sperms.
Somatic stem cells are responsible for normal tissue renewal
by replacing old senescent cells or repairing damaged cells
in response to tissue injury [4, 142]. Multiple studies in the
scientific literature pustulated the presence of a subpopula-
tion of cells within the tumor bulk known as Cancer Stem
Cells (CSCs). A cancer stem cell is capable to renew itself
and give rise to several cellular lineages that compose the tu-
mor bulk and when compared to normal cells, it has uncon-
trollable mitosis and mutations in the genes controlling the
cell cycle, DNA repair and signal transduction [143, 144].

In the mid 1800s, Rudolf Virchow demonstrated a histo-
logic resemblance between teratocarcinoma and a develop-
ing  fetus.  Cancers  are  dedifferentiated  when  compared  to
normal tissue, a pattern that is also seen in fetal tissue [145].
Julius Cohnheim formulated in 1877 that persistent embryon-
ic cells as a possible origin of tumors. These embryonic cells
are considered as reserve cells that remain unused during de-
velopment.  The  embryonic  nature  of  these  cells  renders
them to proliferate uncontrollably when receiving an adequ-
ate  blood  supply  [146,  147].  These  hypotheses  of  cancer
stemness were initially evidenced by John E. Dick lab and
colleagues studied acute myeloid leukemia (AML) by isola-
tion and molecular characterization of a population of cells
that were able to generate malignant hematopoietic colonies
with CD34 expression [148-151].
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4.2. Role of CSCs in Treatment Failure and Cancer Re-
lapse

Researchers studied the presence of CSCs, at the functio-
nal and molecular level, in many tumors and their role in sti-
mulating the growth of cancer cells, tumor progression and
metastasis plus being a potential target for novel therapeutic
drugs and radiotherapy [152].  In the following, we denote
the role of CSCs that has been studied in various types of
malignancies.

As we mentioned above, cancers stem cells were initial-
ly studied in leukemias. John Dick and his colleagues, using
SCID  and  NOD/SCID  mice  transplanted  with  leukemic
cells, isolated cells having stem cell properties with the abili-
ty  to  repopulate.  Phenotypic  heterogenicity  was  also  ob-
served in the leukemic cell population, similar to that seen in
the original donor, indicating the differentiative capacity of
these  cells.  Molecular  characterization  of  these  cells  had
shown to mimic normal HSC with CD34+/CD38- phenotype.
Experiments  demonstrated  the  presence  of  leukemic  stem
cells in acute myelogenous leukemia (AML), acute lympho-
cytic  leukemia  (ALL)  and  chronic  myelogenous  leukemia
(CML) [150].

Breast  cancer  stem  cells  were  described  in  a  study  by
Al-Hajj  et  al.  They identified a  tumorigenic  population of
cells with CD44+CD24-Lineage- expression on flow cytome-
try, exhibiting the properties of cancer stem cells. This popu-
lation of  cells  had the capability  to  proliferate  extensively
and generate  phenotypic heterogenicity in  the xenografted
NOD/SCID mouse model [153].

In a study by Singh et al., molecular and cellular analy-
sis of various types of primary brain tumors identified a sub-
population of stem cells with nestin and CD133 expression.
CD133+ cells showed stem cell properties with the self-rene-
wal capability, high proliferative activity and the ability to
form neurosphere like colonies plus the tendency to mimic
the phenotype of the tumor from which they were derived
[154,  155].  CD133+  cells  were  also  identified,  as  well  as
other cells surface markers, in colorectal cancer [156], lung
cancer  [157],  liver  cancer  [158],  and  pancreatic  cancer
[159].

A  widely  studied  brain  tumor  in  terms  of  cancer  stem
cells  was  neuroblastoma,  which  is  the  most  common  ex-
tracranial solid tumor diagnosed in pediatric patients [160].
Multiple  genetic  aberrations,  molecular  markers  and path-
ways have been studied in neuroblastoma cancer stem cells
as a cause of aggressiveness and invasiveness of the tumor
and  being  a  potential  target  for  novel  chemotherapeutic
agents  to  achieve  a  better  prognosis  [21].  Some  of  those
molecular  markers  include  DLK1  [161],  HIF  [162],
CD114/G-CSFR  [163],  CD24  [164],  and  ALDH1  [165].

Genitourinary malignancies were also a part of the ongo-
ing research about cancer stem cells. Bladder cancer is the
most prevalent malignant tumor of the urinary tract [166].
Cancer stem cells residing within the tumor bulk of bladder
cancer have been related to metastasis, recurrence and resis-
tance  to  conventional  treatments  [32,  167].  Phylogenetic

analysis of bladder cancer stem cells demonstrated their ori-
gin  from bladder  epithelial  stem cells  (BESCs)  or  bladder
cancer non-stem cells (BCNSCs) with clonal homogeneity
among BCSCs and BESCs or BCSCs and BCNSCs and iden-
tified 21 genetic alterations [168, 169]. Another genitouri-
nary tumor is prostate cancer, which is cancer with the high-
est estimate of newly diagnosed cases and the second most
common cause of death in men [166]. Prostate cancer stem
cells are thought to initiate the process of tumor cell differen-
tiation, tumor progression and metastatic invasion, possess-
ing self-renewal properties and genomic instability [170]. A
lethal subtype of prostate cancer known as Castration-Resis-
tant Prostate Cancer (CRPC) hypothesized to be caused by
cancer stem cells as well [171].

4.3. Targeting CSCs to Overcome Therapy Resistance

Tumor recurrence following treatment remains a major
clinical challenge. Cancer stem cells (CSCs) have been con-
sidered as the driving force of tumor recurrence and metasta-
sis for several decades [172]. Therefore, the development of
more targeted therapies is highly dependent on the identifica-
tion of the molecular signatures and genetic aberrations char-
acteristic to this subpopulation of cells.

CSCs have been reported in a variety of tumor types, in-
cluding those of leukemia, breast, brain, prostate, and lung,
and although the markers and driver pathways vary among
tumor types, the general stem cell characteristics and their
roles  in  therapy  resistance  appear  conserved  [21,  27,  150,
173, 174]. CSC specific therapies have long been proposed
in conjunction with a traditional chemotherapeutic regimen
to kill both differentiated and CSC populations and prevent
subsequent relapse [172]. Here, we describe various thera-
peutic approaches toward targeting CSC populations.

In prostate cancer, we showed that the synthetic atypical
retinoid,  ST1926, is  an effective anti-neoplastic agent that
could  target  PCa  cell  lines  for  apoptosis  through  a  cas-
pase-dependent mechanism in a p53-null setting [28]. Inter-
estingly, we demonstrated an enhanced ability of this agent
to  target  the  stem/progenitor  cell  subpopulation  in  these
lines through inhibiting ALDH activity, which is upregulat-
ed in stem cells [28].

In another study, we investigated the anti-cancer activi-
ty,  especially against  CSCs,  of  Berberis  libanotica  extract
(BLE) [175].  Our data indicated that  this  extract  inhibited
the proliferation of PCa cell lines by disrupting the cell cy-
cle and increasing reactive oxygen species production lead-
ing to cell death [175]. To our interest, repeated BLE treat-
ment  abolished  the  sphere-formation  ability  of  PCa  CSCs
and inhibited metastasis [175]. Notably, this effect was con-
comitant with a reduction in the expression levels of Sox2,
Oct4,  Nanog,  CD44  and  CD166,  all  stem  cell  markers
known to be over-expressed in prostate cancer [175]. Thus,
BLE could  prove  an  effective  agent  to  target  the  resistant
CSC pool and ultimately prevent a recurrence.

In brain cancers, we highlighted the Akt/mTOR pathway
as a potential target for the treatment of glio- and neuroblas-
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toma  via  eliminating  their  CSC  populations  [25,  26].  We
showed that inhibiting mTOR or Akt via Rapamycin or Tri-
ciribine,  respectively,  was  sufficient  to  eradicate  the  CSC
population of glio- and neuroblastoma cell lines [25]. Simi-
larly,  Metformin  and  Ara-a,  an  adenosine  monophos-
phate-activated protein kinase (AMPK) activator and inhibi-
tor respectively, were effective in suppressing these CSCs,
possibly through alternate pathways. Metformin inhibits the
mTOR and Akt pathways, both widely implicated in tumori-
genesis [26]. On the other hand, Ara-a-induced inhibition of
AMPK halts energy production in cancer cells [26]. Alterna-
tively, being a nucleoside analog, Ara-a could be exerting its
anti-cancerous effects through interfering with DNA synthe-
sis, which could explain its irreversible effect on the sphere
formation ability of treated cells [26]. Therefore, targeting
the  Akt/mTOR signaling  cascade  may be  a  successful  ad-
junct anti-cancer therapy capable of eliminating radio- and
chemoresistant CSCs in these aggressive brain tumors.

A growing body of evidence is shedding light on the tu-
mor-promoting roles of GSK3β in diverse cancers, and a re-
cent study has shown that it is involved in glioblastoma can-
cer  stem cell  self-renewal  through inducing KDM1A deu-
biquitylation by USP22 [176, 177]. In one of our studies, we
found Gsk3β to be functionally activated in CSCs of Kras
mutant lung adenocarcinoma cells [27]. We demonstrated,
for the first time, that targeting this molecule using the irrev-
ersible  GSK3β  inhibitor  tideglusib  markedly  inhibited  the
growth of Kras mutant LUAD spheres and almost complete-
ly abolished their sphere forming capacity, whereas this ef-
fect  was  more  subtle  on  cells  grown  in  2D  [27].  Thus,
GSK3β inhibition could be worth considering for the treat-
ment of aggressive lung cancer and other diseases.

CONCLUSION AND FUTURE DIRECTIONS

The stem cells are present in the brain; it is just a matter
of releasing them from a quiescent stage and inducing their
proliferation, differentiation and exploiting them in the right
manner to resolve neuronal death issues. The new cells that
are born do not always differentiate into the cells that are be-
ing lost and that the patient needs. Boosting neurogenesis is
just the beginning; to make use of this precious reserve, our
brain  has  kept  during  development,  controlling  migration,
differentiation, axon guidance and synaptic formation is the
next step after the formation of new neurons. The majority
of the new neurons might eventually undergo apoptosis or
differentiate  to  astrocytes,  microglia  or  oligodendrocytes.
Therefore, the research done in hippocampal neurogenesis is
so far like the brainstorming done before the actual writing
of a paper. The brainstorming is like writing down and figur-
ing out the possible agents that can manipulate the neurogen-
esis process and having an idea of what is known about the
link it has for such effect. All in all, the aim of neurogenesis
research is to be able at some point to employ and convert
present knowledge on the manner to effective drugs or thera-
peutic  approaches  that  can  combat  neurodegeneration  and
potentiate a milestone revolution in the overall brain health,
memory functions, cognition and stem cell research. Patient
specific cell brain transplantation therapy has become now

more promising than ever [178], especially after the break-
through finding that embryonic transplanted cells have the
ability  to  integrate  into  the  adult  neocortical  circuits  and
pathways and become part of what has already established it-
self long ago [179]. It is not too late as our brain can encom-
pass new changes.

A giant leap in stem cell research was the establishment
of iPSCs as they carry the potential for having patient-perso-
nalized treatment without the controversial need of embryon-
ic stem cells. So far, it has demonstrated promising results in
several  fields,  from  neurodegenerative  diseases  to  spinal
cord injuries and diabetes mellitus. The next step for iPSCs
is the already ongoing controlled clinical trials that are using
iPSCs. However, the actual application of iPSCs on patients
needs thorough research and many considerations, such as
the risk of cancer. Thus, it might take a while before iPSC
therapies become widely acknowledged and established.

As for CSCs, we are still in short of information on their
characteristics and actual function and their contribution to
cancer recurrence and metastasis. Thus, research in the field
of CSCs offers the insight and potential to possibly halt me-
tastasis and cancer recurrence which are at the core of can-
cer  patients’  suffering.  Moreover,  the  emerging  of  novel
three-dimensional  (3D)  assays  like  spheroids  and  patien-
t-derived organoids enabled the modelling of different hu-
man  diseases.  Noticeably,  these  spheroids  and  organoids
mimic the in vivo tissue architecture much better than tradi-
tional cell lines and can grow “indefinitely” in culture while
remaining phenotypically and genetically stable since they
stem from a single multipotent stem or progenitor cell that is
capable of differentiation and self-organization to form struc-
tures morphologically and functionally resembling the corre-
sponding in vivo organ. Those near-physiological 3D model
systems can be used to define a vast range of biological pro-
cesses, including tissue renewal, stem cell/niche functions,
drug and genetic  screening.  Combining these  new discov-
eries with the induced pluripotent stem cells (iPSCs) technol-
ogy  has  yielded  the  generation  of  iPSC-derived  spheroids
and organoids that demonstrate the self-organization of sev-
eral body organs, and further serve as models to aid in the de-
velopment of regenerative medicine and autologous cell ther-
apy.
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