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Abstract
Pluripotent stem cells have the remarkable self-renewal 
ability and are capable of differentiating into multiple 
diverse cells. There is increasing evidence that the 
aging process can have adverse effects on stem cells. 
As stem cells age, their renewal ability deteriorates and 
their ability to differentiate into the various cell types 
is altered. Accordingly, it is suggested aging-induced 
deterioration of stem cell functions may play a key role 
in the pathophysiology of the various aging-associated 
disorders. Understanding the role of the aging process 
in deterioration of stem cell function is crucial, not 
only in understanding the pathophysiology of aging-
associated disorders, but also in future development of 
novel effective stem cell-based therapies to treat aging-
associated diseases. This review article first focuses on 
the basis of the various aging disease-related stem cell 
dysfunction. It then addresses the several concepts on the 
potential mechanism that causes aging-related stem cell 
dysfunction. It also briefly discusses the current potential 
therapies under development for aging-associated stem 
cell defects.
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Core tip: Stem cells have the remarkable self-renewal 
capability and the amazing ability to differentiate into 
all cell types. It is generally believe that stem cells are 
the main source that provides cells to repair and re-
generate damaged tissues and organs. However, there 
is now compelling evidence that the aging process has 
a deleterious effect on stem cells, and that the aging 
effects on stem cells may have play essential roles in the 
pathophysiology of the various aging-associated diseases. 
This review discusses briefly the relationship of aging-
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associated stem cell dysfunction and the various aging-
associated ailments, and several proposed concepts on 
the molecular mechanism of aging-related stem cell 
dysfunction.
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INTRODUCTION
Aging is an unavoidable physiological consequence of 
the living animals. Mammalian aging is mediated by 
the complex cellular and organismal processes, driven 
by diverse acquired and genetic factors[1]. Aging is 
among the greatest known risk factors for most human 
diseases[2-5], and of roughly 150000 people who die each 
day across the globe, about two thirds die from age-
related causes[6]. 

In modern era, one of the emerging fields in treating 
human diseases is the “stem cells” research, as stem 
cells have the remarkable potential for use to treat a 
wide range of diseases. Accordingly, stem cells research 
has become a focal point of biomedical research since 
1998, when Dr. James Alexander Thomson made the 
scientific breakthrough of successful generation of several 
embryonic stem cell lines from human blastocysts[7,8]. 
Stem cells are undifferentiated pluripotent cells that can 
give rise to all tissue types and serve as a sort of internal 
repair system[9]. Until the recent advance in development 
of induced pluripotent stem cells (iPSCs), scientists 
primarily worked with two kinds of pluripotent stem cells 
from animals and humans: Embryonic stem cells, which 
are isolated from the inner cell mass of blastocysts, and 
non-embryonic “somatic” or “adult” stem cells, which are 
found in various tissues[10]. Because of potential ethical 
issues, “adult” stem cells have become the primary 
target. 

Although stem cell science promises to offer revolu-
tionary new ways of treating diseases, it is identified that 
aging affect the ability of stem (and progenitor) cells to 
function properly, which ultimately can lead to cell death 
(apoptosis), senescence (loss of a cell’s power of division 
and growth), or loss of regenerative potential[11,12]. 
Aging may also shift gene functions, as reported for 
some genes such as, p53 and mammalian target of 
rapamycin (mTOR), which are beneficial in early life, but 
becomes detrimental later in life[13-15]. In this regard, a 
novel theory, namely “stem cell theory of aging”, has 
been formulated, and it assumes that inability of various 
types of pluripotent stem cells to continue to replenish 
the tissues of an organism with sufficient numbers of 
appropriate functional differentiated cell types capable of 
maintaining that tissue’s (or organ’s) original function is in 
large part responsible for the aging process[1]. In addition, 

aging also compromises the therapeutic potentials of 
stem cells, including cells isolated from aged individuals 
or cells that had been cultured for many passages in 
vitro. Nevertheless, in either case, understanding the 
molecular mechanism involved in aging and deterioration 
of stem cell function is crucial in developing effective new 
therapies for aging- as well as stem cell malfunction-
related diseases. In fact, given the importance of the 
aging-associated diseases, scientists have developed a 
keen interest in understanding the aging process as well 
as attempting to define the role of dysfunctional stem 
cells in the aging process.

In this review, we will first focus on the various aging 
disease-related stem cell dysfunction and then address 
the several concepts on potential mechanisms that cause 
aging-related stem cell dysfunction. We will also discuss 
current strategies for reversing age-related stem cell 
dysfunction. Finally, we will discuss up-to-date therapies 
for aging-associated stem cell defects, available-drugs, 
growth factors, etc. 

DISEASES OF AGING FROM OLD STEM 
CELLS
Adult stem cells, also known as somatic stem cells, are 
found throughout the body in every tissues and organs 
after development and function as self-renewing cell pools 
to replenish dying cells and regenerate damaged tissues 
throughout life[16]. However, adult stem cells appear to age 
with the person. As stem cells age, their functional ability 
also deteriorates[12,17]. Specifically, this regenerative power 
appears to decline with age, as injuries in older individuals 
heal more slowly than in childhood. For example, healing 
of a fractured bone takes much longer time in elderly than 
in young individuals[18-21]. There is a substantial amount 
of evidence showing that deterioration of adult stem cells 
in the adult phase can become an important player in the 
initiation of several diseases in aging[22,23]. The following is 
some of the examples of aging-associated effects on stem 
cells.

Neural stem cells (NSCs) are multipotent and self-
renewing cells and located primarily in the neural tissues. In 
response to a complex combination of signaling pathways, 
NSCs differentiate into various specific cell types locally in 
the central nervous system (CNS), like neurons, astrocytes, 
and oligodendrocytes[24]. NSCs in humans maintain brain 
homeostasis and it continuously replenishes new neurons, 
which are important for cognitive functions[25,26]. However, 
there is now strong evidence for the aging-associated 
cognitive deficits, such as olfactory dysfunction, spatial 
memory deficits, and neurodegenerative disorders, 
which are caused by deterioration of NSC proliferation 
and differentiation and enhanced NSC senescence as a 
consequence of aging[27,28]. 

Mesenchymal stem cells (MSCs) are multipotent stromal 
cells that can differentiate into cells of mesenchyme tissues, 
including osteoblasts (bone cells)[29], chondrocytes (cartilage 
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cells)[30], myocytes (muscle cells)[31] and adipocytes (fat 
cells)[32]. MSCs were first isolated from the bone marrow 
of guinea pigs in 1970’s and after that it was isolated from 
almost every organ in mice including fat, liver, spleen, 
pancreas, kidney, lung, muscle, and brain[32]. Human MSCs 
have also been isolated from umbilical cord tissue and cord 
blood, placenta, bone and joints[33]. However, the major 
sources of MSCs are the bone marrow-derived MSCs (BM-
MSCs) and the adipose tissue-derived MSCs (A-MSCs); 
and they are currently the most studied MSCs[32,34]. Aging 
also affects MSCs in humans and in animal models as 
indicated by the decrease in the bone marrow MSC pool 
and also shifts their lineage differentiation from one that 
usually favors osteoblastic differentiation to one that 
prefers adipogenic differentiation[35], which is largely 
responsible for the gradual and aging-associated shift of 
hematopoietic (red) marrows to fatty (yellow) marrows, 
and which also contributes significantly to the etiology of 
senile osteoporosis. It is also evident that with increasing 
donor age, MSCs from both bone marrow and adipose 
tissues have been shown to have reduced capacity to 
handle oxidative stress[36-38]. During the aging process, 
oxidative stress leads to hyperactivity of pro-growth 
pathways, such as insulin/IGF-1 and mTOR pathways, 
and the subsequent accumulation of toxic aggregates and 
cellular debris ultimately lead to apoptosis, necrosis, or 
autophagy[39]. In addition, in some non-skeletal tissues, 
particularly the hematopoietic system, MSCs is a key 
niche component for hematopoietic cells. Aging of MSCs 
has been shown to be detrimental with respect to this 
important function[35]. 

Adult skeletal muscle stem cells (satellite cells) have 
a remarkable capacity to regenerate[40,41]. Similarly, their 
regeneration capacity declines with aging, although it 
is not clear whether this is due to extrinsic changes in 
the environment and/or to cell-intrinsic mechanisms 
associated to aging. This impaired regenerative capacity 
of skeletal muscle during aging is due to accumulation 
of the altered progeny, which leads to progressive 
deterioration of tissue structure and function, manifesting 
after injury or in response to the depletion of memory B 
cells and naive T cells in the hematopoietic system in the 
elderly[41-44].

Hematopoietic stem cells (HSCs) are the blood-forming 
stem cells through the process of hematopoiesis[45]. 
They are located in the red bone marrow within marrow 
cavity of most bones. HSCs also produce immune cells 
of the body. Since blood cells are responsible for constant 
maintenance and immune protection of every cell type 
of the body, the constant production of billions of new 
blood cells each day by HSCs is very important for 
mammal life. HSC-derived monocytes can give rise to 
osteoclasts, macrophage and granulocyte. Osteoclasts 
are giant cells with numerous nuclei that work in synergy 
with osteoblasts through complicated bone coupling 
mechanisms to maintain bone homeostasis[35,46]. All these 
activities of HSCs are carefully modulated by a complex 
interplay between cell-intrinsic mechanisms and cell-

extrinsic factors produced by the microenvironment; and 
aging altered this fine-tuned regulatory network, leading 
to aberrant HSC cell cycle regulation, degraded HSC 
function, and hematological malignancy[47].

MECHANISM FOR FUNCTIONAL 
DETERIORATION OF STEM CELL IN 
AGING
There are several potential mechanisms that are be-
lieved to contribute to the aging-associated stem cell 
dysfunction; and they probably are in part responsible 
for many aging-associated diseases. Figure 1 proposes 
some of the contributing factors/mechanisms that could 
be responsible for the aging-induced deterioration of 
stem cell functions and aging-associated diseases. This 
section summarizes some of these contributing factors/
mechanisms and their potential roles in the aging effect 
on stem cells. 

Microenvironment
Aging is characterized by common environmental con-
ditions, such as hormonal, immunologic, and metabolic 
disorders[48-50] and these are considered as the critical 
microenvironmental factors affecting stem cell functions. 
Changes in these microenvironmental factors in response 
to aging are believed to be responsible for the changes in 
stem cell function with aging[51]. It has been shown that 
potentially underlying aging-related tissue degeneration, 
such as osteoporosis, could be due to impaired MSCs by 
surrounding micro-environmental pathologic factors[52,53]. 
It has also been shown that in mammals, metabolic alter-
ations of hyperglycemia and hyperinsulinemia are important 
pathologic factors in aging and in MSC dysfunction[54]. 
However, the molecular mechanism in mediating stem cells 
dysfunction by microenvironmental signals is not yet fully 
understood.

Cells produce soluble (endocrine or paracrine) factors 
necessary for information exchange among cells of distant 
tissues and/or within the same organ[51]. Aging cells can 
influence an organ or tissue by secreting soluble endocrine 
or paracrine factors. Accordingly, aging of the endocrine 
glands has known to result in hormonal disturbances[50,55], 
which ultimately affects normal function and or diff-
erentiation of the stem cells. In humans, sex hormones, 
especially estrogen, are the most prominent endocrine 
factors that change with aging, and sex hormones dis-
cordance often leads to several significant diseases. 
Estrogen insufficiency also induces the biased differentiation 
of MSCs to adipocytes over osteoblasts[50,56,57]. Aging-
related elevation in circulating levels of proinflammatory 
cytokines, such as interleukin 6 (IL-6) and tumor necrosis 
factor α (TNF-α), can also cause differentiation disorders of 
MSCs[58,59].

DNA damage and telomere shortening
In mammals, spontaneous and extrinsic mutational 
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events occur on DNA on daily basis. While most of the 
damaged DNAs are repaired by normal DNA repair 
mechanism, some of the mutated DNAs appear to escape 
from the repair mechanism and accumulate over time. 
Accordingly, there would be a significant accumulation 
of mutated or damaged DNAs in aging cells compared 
to young cells. The accumulation of damaged DNA may 
in part be responsible for the various cellular events of 
the aging process. In fact, this “mutational theory” is 
one of the earliest theories of the aging process[15]. DNA 
damage can be caused by environmental factors, like 
UV irradiation, and also can be the consequence of the 
cell’s own metabolic processes [e.g., generating reactive 
oxygen species (ROS)] that tend to accumulate with 
time[60]. DNA damage impaired stem-cell function in aging, 
which has been documented by the study that HSCs 
derived from aged mice harbored significant alterations 
in their DNA repair response[1,17]. DNA-repair proteins, 
such as FANCD1[61], MSH2[62] or ERCC1[63], are found to be 
deficient in adult mice with significant functional defects 
of HSCs and the dysfunction of MSCs in aging led to 
leukemia and aging-associated remodeling[64]. In addition, 
measures of DNA damage in HSCs, such as histone H2AX 
phosphorylation and comet tails, were also found to be 
increased with advancing age[65,66]. In satellite cells, H2AX 
phosphorylation was also accumulated with increasing 
age[67]. 

Premature aging can be resulted from defects in 
the DNA repair and telomerase pathway components 
in humans and mice[68]. In aging diseases, there has 
been significant interest in the telomere shortening 
that is now being used as a hallmark of aging, to which 
even stem cells are not immune[1,17]. A telomere is a 

region of repetitive nucleotide sequences at each end 
of a chromosome. It protects genome from nucleolytic 
degradation, unnecessary recombination, repair, or 
fusion with neighboring chromosomes[69]. Although stem 
cells express telomerase, the telomeres of HSCs, MSCs, 
NSCs, HFSCs and GSCs do shorten with age[70-72]. When 
telomeres become critically short, the cell becomes 
senescent, it ceases to divide and may undergo apoptosis. 
In fact, many aging-associated diseases, like the increased 
cancer risk[73,74], coronary heart disease[75-77], heart 
failure[78], diabetes[79], and osteoporosis[80], are caused by 
accelerated telomere shortening. Despite considerable 
evidence that telomere shortening causes reduction in 
life span, the telomere shortening concept of aging is still 
somewhat controversial, since laboratory mice lacking 
telomerase RNA component (TERC) showed no obvious 
abnormal phenotypes even after five generations[81,82].

Mitochondrial dysfunction
Mitochondria are ubiquitous intracellular organelles in 
mammals and are the main source of cellular adenosine 
triphosphate (ATP) that plays a central role in a variety of 
cellular processes. As mitochondria produce about 90% 
of cellular energy, the aging-related ROS generation, 
disruption in Ca2+ homeostasis, and increased cell apo-
ptosis are three causes of mitochondria dysfunction that 
directly affects aging-related diseases[83]. In fact, there 
have been many studies suggesting a direct relationship 
between mitochondrial dysfunction and human stem 
cell aging[84-87]. Accordingly, in several cell systems, 
mitochondrial dysfunction has been shown to lead to 
respiratory chain dysfunction, which may be the result 
of the accumulation of mutations in mitochondrial DNA 

Microenvironmental factors
  Hormonal
  Immunologic
  Metabolic disorders

Cancer
  Heart diseases
  Kidney disease
  Autoimmune diseases
  Pulmonary diseases

Epigenetic alteration factors
  Diet/drug
  Mutations in epigenetic regulators
  Noncoding RNAs (microRNA)

Mitochondrial dysfunction factors
  Elevated ROS
  IGF-1 signaling
  mTOR pathways

Neurological disorders
  Cognitive decline
  Type 2 diabetes
  Bone and joint disorder
  Metabolic disorders

DNA damage factors
  UV radiation
  Oxidative stress
  Telomerase dysfunction

Adult stem

Figure 1  A proposed mechanism for the aging-induced deterioration of stem cell functions and aging-associated diseases. ROS: Reactive oxygen species. 
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(mtDNA)[88]. The elevated ROS in aging is mainly due to 
mtDNA mutation, as mitochondria is the primary cellular 
sources of ROS[89]. In addition, it has been confirmed 
that mitochondrial aging interact with other cellular 
pathways of aging, such as the IGF-1 signaling and the 
mTOR pathways, which presumed to play a major role in 
aging[90,91]. 

Epigenetic alteration 
Epigenetics refer to changes in gene expression, which 
are heritable through modifications without affecting 
the DNA sequence. It has also been defined more bro-
adly as the dynamic regulation of gene expression by 
sequence-independent mechanisms, including but not 
limited to changes in DNA methylation and histone 
modifications[92-94]. Epigenetic marks in stem cells are 
transmitted heritably to their daughter cells, priming 
lineage-specific loci for modification in downstream pro-
genies[95]. Stem cell fates are regulated by epigenetic 
modifications of DNA that establish the memory of active 
and silent gene states[96,97]. Aberrant epigenetic regulation 
affects the organismal aging[98], age-associated dysfunction 
of stem cells, and predisposition to hematological cancers 
development[99]. For instance, DNA methylation specific 
to regions of the genome that are important for lineage-
specific gene expression increased in aging HSCs[100] and 
the perturbations of their histone modifications (H3K4me3) 
may impair its self-renewal genes[101]. It has also been 
reported that mutations in epigenetic regulators, such 
as DNMT3a, TET2, and ASXL1, are frequently found 
in myeloid neoplasia[102]. Since most of the chromatin 
changes are intrinsically reversible, epigenetic alterations 
are therefore considered good therapeutic targets for 
molecular effectors and thereby are potential therapies 
for certain distinct pathologies[103,104]. Therefore, there has 
been immense interest in understanding these genome-
scale regulatory mechanisms that lead to impaired gene 
expression, and that contribute to the decline of stem cell 
and tissue function with age. 

MicroRNAs (miRNAs) are another key class of epi-
genetic mediators of stem cell dysfunction. They are a 
class of small noncoding RNAs composed of 18- to 25-bp 
nucleotides[105] that functions in RNA silencing and post-
transcriptional regulation of gene expression[106-109]. It 
plays an important role in regulating stem cell self-renewal 
and differentiation by repressing the translation of selected 
mRNAs in stem cells and differentiating daughter cells[110]. 
In fact, non-coding RNA-mediated regulatory events as 
a part of the epigenetic mechanism to modulate mRNA 
degradation and/or protein translation that play important 
role in development and disease state[111]. MiRNAs, such as 
miR-17, regulates osteoblast differentiation of MSCs[112-114]. 
MiR-290–295 cluster seems to promote embryonic stem 
cell differentiation, self-renewal, and maintenance of 
pluripotency[110,115]. Moreover, recent findings show the 
involvement of miRNAs in senescence manipulation. These 
findings have led to the suggested use of these miRNAs 
as clinical biomarkers of stem cell senescence and their 

potentiality[116].

THERAPEUTIC APPROACHES FOR THE 
TREATMENT OF AGING-INDUCED STEM 
CELL DYSFUNCTION
In recent years with increasing understanding of stem 
cell behavior in different niche of the body offers promise 
for the development of potential therapeutic approaches 
to treat aging-associated dysregulation of adult stem 
cells and aging-related diseases. Some of the potential 
therapeutic approaches for the treatment of age-related 
stem cell dysfunction are discussed below.

Parabiosis
The concept of parabiosis is not new; however, in the 
past decade its role in reversing the effects of aging 
and enhancing rejuvenation has gathered substantial 
momentum. Recent findings suggest that aging-related 
cellular dysfunctions can be repaired successfully by 
modulating the molecular architecture of the tissue 
environment rather than inducing cell intrinsic changes 
alone[117]. Therefore, the effects of aging in an old 
individual can be modulated or reversed by the circulatory 
or systemic factors derived from the young blood through 
anatomical joining, parabiosis[40]. The fascinating results 
of parabiosis have been reported to rejenuvate brain[118], 
muscles[67], and liver tissues in the aged animals[119]. In 
skeletal muscle regeneration, serum derived from young 
mice activated the Notch signaling pathway and regulated 
the satellite cells proliferation of old mice in vitro[119]. In 
aged mice, through the parabiosis approach, systemic 
factors from young mice successfully reversed inefficient 
CNS remyelination, a regenerative process of CNS that 
produces new myelin sheaths from adult stem cells[118]. 
Despite the promising outcomes in animal models, there 
is persistence of contradiction in functions of factors 
identified in prominent parabiosis studies, rendering 
the concept highly controversial for use in humans. For 
instance, growth differentiation factor 11 (GDF-11) has 
been reported to show both positive[67] and negative 
corelations[120] with stem cell aging. 

Retrotansposons
Retrotansposons are mobile DNA elements that can induce 
genetic instability and have been reported to be a cause of 
cellular dysfunction during aging[121]. The long interspaced 
nuclear elements (L1) are 6-kb long retrotransposons that 
code for RNA binding protein and endonuclease protein. 
There are 500000 copies of L1 elements in the human 
genome, and approximately 100 of such active elements 
replicated to induce genomic instabilities and to increase 
the risk of DNA damage. Elevated activity of L1 has been 
reported in aging-related pathological conditions[122]. The 
link between SIRT-6 (an important marker of longevity) 
and L1 offered more direct evidence for the role of L1 
in aging-related genomic complications. SIRT6 are 
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known to repress the activity of L1 retrotransposons[123]. 
DNA damage-induced mobilization of SIRT6 to the site 
of repair and subsequent repression of L1 have been 
contemplated in the development of therapeutics for age-
related neurological pathologies, such as dementia and 
cancer[124]. Suppression of L1 activity by overexpression of 
SIRT6 in senescence cells delayed the onset of L1-induced 
pathological conditions. High caloric diet activated the 
SIRT1 activity and has been reported to protect the animal 
from premature aging in Cockayne syndrome[125], whereas 
in the case of the mouse Alzheimer’s disease model the 
caloric restriction slowed down the disease progression[126]. 
Other than modulation of SIRT6 expression, inhibition 
of reverse transcriptase (a critical enzyme for the L1 
replication) is another way to attenuate L1 activity[127]. 
Several small non-coding RNAs, such as pi-RNAs, si-RNAs 
and L1 specific small RNAs, have also been reported to 
regulate the silencing of retrotransposons element activity 
in mouse germ cells and in aging human somatic cells[127].

Cellular reprogramming towards iPSCs
iPSCs are a type of pluripotent stem cell that can be 
generated directly from adult cells and the recent ad-
vances in this area have opened up many gateways 
for the research in cell-based therapeutics[128]. Cellular 
reprogramming of aged somatic cells towards iPSC 
enables the editing and resetting of the cellular clock by 
removing the characteristic feature of aging. The ability 
to derive iPSCs from aging-related pathological cells have 
enabled investigators to develop recombination-based 
therapeutic approaches to edit genetic defects responsible 
of premature and accelerated aging. The reprogramming 
of aged somatic cells to target stem can be used as an 
alternative source to get cells for transplantation and 
for genetic editing. Recent studies show encouraging 
effects of reprogramming in rejuvenation of senescent 
cells, as evident by elongated telomeres and reduced 
oxidative stress[129]. Human iPSC-based models for 
aging-related degenerative diseases have been tested to 
understand the disease dynamics in Parkinson’s disease,  
Alzheimer’s disease and in progeroid laminopathies[130]. 
Valuable information from these studies has resulted 
in the first clinical trial for progeroid patients[131]. In a 
mouse model of skeletal defect, human iPSC designed 
to express PAX7 were able to be differentiated into 
muscle progenitor cells that engrafted and repaired the 
defective dystrophin-positive myofibers formation. In 
case of Hutchinson-Gilford progeria syndrome (HGPS), 
reprogramming of HGPS fibroblasts by transduction with 
vectors expressing Oct4, Sox2, Klf4 and c-Myc has been 
reported to revert aging-associated markers, such as 
Lamin, to a “young” state[132]. 

Telomere lengthening
As discussed above, the telomere length is inversely 
linked to the chronical age, and thus it is believed that 
increasing the length of telomere may increase life span. 
Many advanced approaches are being developed to 

efficiently increase the telomere length and to protect 
cells from chromosome shortening. In in vitro cultured 
human cells, the delivery of RNA coding for telomere-
extending protein has been reported to increase the 
cell proliferation rate[133]. In telomere-deficient mice, 
genetic editing to reactivate telomerase activity has been 
reported to reverse the aging symptoms[134]. Telomerase 
activation drugs and telomerase gene therapy are also 
alternative approaches that aim to increase the telomere 
length to protect the cells from premature aging[135,136]. 

CONCLUSION
From the various advances in stem cell research, it is 
clear that we grow old partly because our stem cells grow 
old with us. The functions of aged stem cells become 
impaired as the result of cell-intrinsic pathways and 
surrounding environmental changes. With the sharp rise 
in the aging-associated diseases, the need for effective 
regenerative medicine strategies for the aged is more 
important than ever. Fortunately, rapid advances in stem 
cell and regenerative medicine technologies continue to 
provide us with a better understanding of the diseases 
that allows us to develop more effective therapies and 
diagnostic technologies to better treat aged patients. 
However, there is a big ethical concern regarding the use 
of human embryos to procure embryonic stem cells and 
many countries already currently restrict experiments on 
embryos to the first 14 d. Additionally, the International 
Society for Stem Cell Research has issued guidelines 
advising researchers across the globe to stick with this 
14-d window. Nevertheless, it seems that the human 
stem cell research in the next decade will likely bring 
enormous progress in the aging-associated disease 
therapies but may also reach a step closer to the edge of 
ethical concern of creation of “Frankenstein”.
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