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Aging is a major risk factor for multiple diseases, including cardiovascular diseases, neurodegenerative disorders, osteo-
arthritis, and cancer. It is accompanied by the dysregulation of stem cells and other differentiated cells, and the impairment
of their microenvironment. Cell therapies to replenish the abovementioned cells provide a promising approach to restore
tissue homeostasis and alleviate aging and aging-related chronic diseases. Importantly, by leveraging gene editing tech-
nologies, genetic enhancement, an enhanced strategy for cell therapy, can be developed to improve the safety and effi-
cacy of transplanted therapeutic cells. In this review, we provide an overview and discussion of the current progress in the
genetic enhancement field, including genetic modifications of mesenchymal stem cells, neural stem cells, hematopoietic
stem cells, vascular cells,and T cells to target aging and aging-associated diseases. We also outline questions regarding
safety and current limitations that need to be addressed for the continued development of genetic enhancement strate-
gies for cell therapy to enable its further applications in clinical trials to combat aging-related diseases.

Introduction Thereafter, gene therapy has been applied in pre-clinical trials to
treat many diseases, including age-associated diseases [16—18].
However, aging is accompanied by a comprehensive decline in
the functions of multiple organs, which can hardly be attributed
to and therefore not fixed by a single gene. Moreover, off-target
or other side effects of gene therapy may cause unpredictable
and devastating outcomes, especially for the older adults, such
as lethality or mental disabilities, e.g., the Gelsinger case [19].
Instead of fixing a specific gene, another way to combat aging
and its related diseases is cell therapy, which is a cell transplanta-
tion-based strategy [20]. Functional decline or loss of stem cells is
a hallmark of aging, and supplementation or rejuvenation of these

Aging is a process of gradual functional decline, such as loss of
mental or physical abilities, in individuals as they age [1, 2]. During
aging, the incidence of senile diseases, including neurodegenera-
tive diseases, cardiovascular diseases, osteoarthritis, and cancer,
has increased significantly [2—-5]. Globally, the number of old peo-
ple is rising at an unprecedented rate, bringing great challenges
to medical and social communities [6-8]. These deleterious aging
outcomes for individuals and societies have led researchers to
investigate interventions via a variety of approaches [7, 9-11].
With the advancement of gene editing technologies, scien-
tists can directly edit mutated genes in vitro and in vivo [12—15].
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Figure 1. Schematic of genetic enhancement to treat aging-related diseases.
After the isolation of selected cells from patients, a specific gene was edited to enhance the viability and functionality of cells. Subsequently,
these genetically enhanced cells are transplanted back into the patient. Targeting genes include genes related to longevity pathways, cell

survival pathways, growth factors, and cell surface markers.

cells is a potential treatment to reverse aging [21]. For example,
mesenchymal stem cells (MSCs), with the differentiation poten-
tials into various mesoderm-derived tissue cells and ability to
secret cytokines to modulate the surrounding niche, can be trans-
planted to the injured site and promote wound healing [22—24].
Therefore, MSCs are widely used in regenerative medicine [25—
28]. In addition, induced pluripotent stem cells (iPSCs), which are
a reprogrammed product of somatic cells, have been widely used
in disease modeling, drug screening, and regeneration therapies
[29-31]. Because iPSCs can be obtained directly from cells of
patients, their autologous transplantation greatly reduces the pos-
sibility of immune rejection and avoids the ethical challenges of
using embryonic stem cells (ESCs) [32, 33]. In recent years, com-
bined with gene editing technology, iPSCs have been widely used
to establish diverse human disease models, including genetic dis-
orders, infectious diseases, and cancer [34-37].

However, due to the harsh microenvironment at the transplant
sites, especially in aging and/or diseased microenvironment, cell
therapy is confronted with a lot of problems, such as a low sur-
vival rate and undermined function after transplantation [38]. For
example, studies have shown that MSCs have a survival rate as
low as 1% just one day after transplantation [23]. Also, the appli-
cation of chimeric antigen receptor modified T (CAR-T) cells and
other immunotherapy methods in the clinical treatment of cancer
have been unsatisfactory due to low survival, non-specific target-
ing, and compromised activity of reprogrammed cells after trans-
plantation [39, 40]. Furthermore, it has been reported that, during
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the treatment of aging-associated neurodegeneration via neural
stem cell transplantation, a formation of brain tumor or tremen-
dous cell death occurs [41]. Therefore, it is imperative to develop
new strategies to improve the safety and efficacy of cell therapy
in the aging field.

In order to solve this problem, researchers showed that autol-
ogous or heterologous transplanted cells could be genetically
enhanced by gene editing, boosting their viability or functional-
ity [42—-45]. The treatment with optimized cells is referred to as
“genetic enhancement,” which can improve the survival and func-
tion of transplanted cells with minimal side effects. Specifically,
genetic enhancement modifies the genome of “normal” cells and
enhances their function to resist harsh microenvironments in aged
or diseased individuals (Fig. 1) [44, 45]. In this review, we summa-
rize the existing strategies and examples of genetic enhancement,
focusing on their molecular mechanisms and potential applica-
tions for treating aging-related diseases. We further discuss the
ethics and future direction of genetic enhancement strategies.

Genetically enhanced MSCs to treat aging-related
diseases

MSCs, also known as mesenchymal stromal cells or mesen-
chymal progenitor cells, are a type of stromal stem cell with the
capacity to self-renew and differentiate into multiple lineages,
including osteoblasts, adipocytes, and chondroblasts [46, 47].
MSCs contribute directly to the homeostatic maintenance of the
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organs in which they reside, and their exhaustion or dysfunction
is considered one of the driving forces for deleterious changes
in organs during aging [26]. These multipotent stem cells are an
attractive option for cell therapy due to their broad sources, and
paracrine and autocrine capabilities for immunomodulation and
tissue repair [48]. MSCs can be easily isolated from bone marrow
(BM), adipose tissue, umbilical cord matrix, dental pulp, and oth-
ers, or derived from ESCs or iPSCs. Additionally, implanted MSCs
secrete growth factors, cytokines, and other trophic factors, which
exhibit pro-angiogenic, anti-inflammatory, and anti-fibrotic activi-
ties, as well as immunomodulatory effects. MSC therapy provides
a promising avenue to increase regenerative capacities and treat
different disorders such as osteoarthritis, acute lung injury, car
diovascular diseases, and various central nervous system (CNS)
diseases and injuries.

However, the efficacy of MSC therapy is limited by their low
survival rate, and their muted in vivo functionality and capacity
of homing to injured sites [49]. In an attempt to overcome these
limitations, genetic enhancement strategies were applied. To
improve the survival of MSCs, inhibition of apoptotic pathways
and enhancement of pro-survival pathways have been developed.
For instance, small hairpin RNA (shRNA) delivered by adenovirus
in BM-derived MSCs has been used to reduce the expression
of CASP8 and upregulate HGF, IGF-1, and Bcl-2, thereby inhib-
iting MSC apoptosis [38]. Importantly, transplantation of CASP8
shRNA-modified human MSCs (hMSCs) attenuated cardiac
fibrosis and improved heart function after myocardial infarction
(MI). Specifically, the ejection fraction was recovered from 47.2%
(MSC-Vector) to 74.6% (MSC-CASP8 shRNA) [38]. On the other
hand, Akt (Protein kinase B, PKB), as a serine/threonine kinase,
plays an important role in cell survival [50]. BM-derived MSCs
overexpressing Akt (Akt-MSCs) antagonized hypoxia-induced
apoptosis and therefore were endowed with improved capacity of
myocardial regeneration through paracrine mechanisms [51, 52].
Notably, transplantation of Akt-MSCs derived from BM restored
four-fold greater myocardial volume than that of MSCs carrying
vector [52]. Additionally, growth arrest-specific (Gas6), a secreted
vitamin K-dependent protein, is involved in the regulation of cell
proliferation, mitogenesis, and cell survival [53]. MSCs derived
from BM engineered to overexpress Gas6, displayed alleviated
apoptosis, improved survival and extended retention of MSCs in
vivo after transplantation [54]. The survival rate of transplanted
cells and left ventricular function were improved remarkably in the
Gas6-MSC treated rats than that of control MSCs after Ml [54].

In addition to the increased survival rate, the function of
MSCs, including differentiation efficiency and paracrine effect, can
also be improved by genetic enhancement to alleviate age-as-
sociated tissue degeneration. For example, bone morphogenetic
protein 2 (BMP-2) is an important factor that promotes the differ-
entiation of MSCs into osteoprogenitor cells and bone formation
[55, 56]. Genetically modified BM MSCs overexpressing BMP-2
facilitated the induction of osteoblasts and enhanced bone repair
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and bone regeneration in vivo [57]. Meanwhile, genetic enhance-
ment can also improve the paracrine signaling of MSCs, pro-
moting the angiogenesis and neurogenesis. For angiogenesis,
both vascular endothelial growth factor (VEGF) and angiogenin
(ANG) stimulate angiogenesis [58, 59]. Transplantation of VEGF-
overexpressing BM MSCs in the hippocampus improved neovas-
cularization and decreased senile plaques in a murine model of
Alzheimer’s disease (AD), demonstrating a therapeutic effect of
repairing vascular damage in neurodegenerative diseases [60].
BM MSCs with a hypoxia-inducible production of VEGF, named
as hypoxia-inducible VEGF expression MSCs (HI-VEGF-MSCs),
enhanced the retention of transplanted cells at the infarcted site
and improved the repair of Ml [61]. For neurogenesis, neurotroph-
ins, glial cell line-derived neurotrophic factor (GDNF), and nerve
growth factor are neurotrophic factors that are essential for the
repair of injured neurons. The injection of GDNF-modified MSCs
derived from rat BM can significantly increase the mean dopa-
mine level in the striatum of lesioned rats and attenuate symptoms
of Parkinson’s disease (PD) rats [62].

Instead of upregulating or downregulating a specific gene,
genetic enhancement can also be achieved by editing specific
nucleotides of the target gene. Previously, researchers found
NRF2 as an important transcription factor in counteracting oxida-
tive stress and cytoprotection [63]. In addition, through the alter-
ation of one nucleotide of NRF2 by gene editing, the change of
glutamate 82 to glycine (E82G) in the NRF2 protein improved the
stability and transcription activity of NRF2 [45]. NRF2-enhanced
hMSCs derived from hESCs exhibited increased self-renewal
ability, improved stress resistance, and retarded cellular senes-
cence [45]. Moreover, NRF2 enhancement endowed MSCs with
increased survival and vascular regeneration capacity at ligation
site of mice with hindlimb ischemia. More importantly, even in the
presence of a panel of strong oncogenic stimuli, NRF2-enhanced
MSCs did not form any tumor even 10 weeks after the implan-
tation, while wild type transformed MSCs generated palpable
tumors within 6 weeks, suggesting the lowered oncogenic trans-
formation of NRF2-enhanced hMSCs [45]. This work provides
a proof-of-concept to generate superior and safer stem cells for
future genetic enhancement cell therapy. Later, leveraging sin-
gle-cell sequencing techniques, researchers captured the aging
landscapes of the aorta and coronary arteries in non-human
primates and found that FOXO3A, a longevity-associated tran-
scription factor and a geroprotector for vascular cell aging, was
downregulated in aged vascular cells [64]. Based on this clue,
genetically enhanced human MSCs by recoding two nucleotides
of FOXOS3 to activate its activity constitutively were developed.
This genetic enhancement strategy reinforced the MSCs with
more robust regenerative capacities and reduced the risk of tum-
origenesis. Additionally, these cells exhibited increased resistance
to multiple stresses and cellular senescence. Transplantation of
FOXO3-enhanced hMSCs improved revascularization and the
recovery of blood flow in a hindlimb ischemia mouse model [44].
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Moreover, FOXO3-enhanced human MSCs could effectively pro-
mote cardiac repair after mouse MI [65]. Taken together, these
studies demonstrate the superiority and safety of MSC genetic
enhancement strategies, opening a new avenue for the stem cell
treatment of aging-related diseases (Fig. 2).

Genetically enhanced NSCs to attenuate
neurodegeneration

Neurodegeneration during aging leads to a progressive functional
decline of older adults’ cognitive, social, and physical abilities,
which significantly impacts their life quality [66]. Moreover, the
associated neurodegenerative diseases, like AD, PD, and amy-
otrophic lateral sclerosis, cause severe disability and, ultimately,
millions of deaths worldwide [67]. However, there is no effec-
tive therapy to stop or reverse the progression of aging-induced
degeneration in the neuronal system by classical drug-based
treatments. Therefore, genetic enhancement strategies that can
reactivate or enhance aged neural cell function could be a prom-
ising solution.

NSC transplantation is a widely used approach to antago-
nize neurodegenerative disorders during aging [68—70]. Several
studies have revealed that transplanted human NSCs (hNSCs)
can give rise to new neurons and glial cells to repair the damaged
region in disease models [68, 70]. For example, in the AD mouse
models, transplanted hNSCs extensively migrated and engrafted,
and some of them differentiated into new neuronal and glial
cells. After hNSC transplantation, the AD model mice displayed
improved spatial memory and decreased tau phosphorylation
compared to the control group, indicating the potential beneficial
effects of hANSC therapy in AD treatment [68, 70].

Cas8, Akt, BMP-2, ANG, NRF2, Hifla, Akt1,
Gas6 VEGF, GDNF FOX03 Bcl-2, Bel-x!
i +
: ® ".\
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Genetically enhanced MSCs
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However, some side effects associated with NSC transplan-
tation have been reported, such as a large amount of cell death or
brain tumor formation after NSC transplantation [71, 72]. To solve
these problems, researchers employed genetic enhancement
strategies. For example, they separately expressed pro-survival
factors, including HIF1A, AKT1, BCL2, or BCL2L1, in trans-
planted NSCs and enhanced their survival rates without growth
of malignant tumors [73]. Additionally, other reports showed that
overexpressing Wnt5a and miRNA200b-3p in transplanted NSCs
promoted the differentiation capacity during the treatment of
spinal cord injury in mice [74]. Taken together, these genetically
enhanced NSCs could act as more efficient and safer tools for
preventing and curing neurodegeneration-associated diseases.

In addition to aging-associated diseases, recent studies have
shown that genetic enhancement in specific brain regions could
delay the aging process of the whole body. Hypothalamus is a
small but essential region of the brain located above the brain-
stem, regulating many essential physiological functions, such
as reproduction, growth, metabolism, and homeostasis [75-77].
Researchers reported an age-related activation of nuclear factor
kB (NF-xB) and its upstream IxB kinase-B3 (IKK-B) in the hypo-
thalamus [77]. Knocking out /KK-f resulted in a lifespan extension
and improved geroprotective phenotypes in mice [77]. Thereafter,
it has been revealed an age-related loss of hypothalamic neural
stem/progenitor cells (htNSCs). Additionally, removing htNSCs in
mouse models leads to shortened lifespan and aging-like phys-
iological decline, suggesting htNSCs as a potential target for
genetic enhancement treatment [78]. To address this, mid-aged
mice implanted with htiNSCs stably expressing dominant-negative
IxBa (IkBa-htNSC), continuously inhibiting the NF-xB pathway,
exhibited aging retardation and lifespan extension. Other findings
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Figure 2. Genetic enhancement of MSCs, NSCs, and HSCs.

Stem cells can be enhanced in many ways, including engineered overexpression, suppression, or modification of individual genes and pathways.
Multiple types of genetically enhanced stem cells with better survival rate and functionality showed intervention potentials for aging or aging-
related diseases. MSCs, NSCs, and HSCs refer to mesenchymal stem cells, neural stem cells, and hematopoietic stem cells, respectively.

OXFORD

UNIVERSITY PRESS

Life Medicine

Life Medicine, 2022, Volume 1

IPIIN 9T

=
e
=
£e”)

310



icine

=

5
>
=
—

also showed that modifications of certain genes’ expression in the
brain, such as Sirt1, could extend lifespan and promote overall
fitness in mice [76, 79]. However, the detailed mechanisms behind
this phenomenon still need to be investigated. In general, NSCs
could serve as a potential target in the neuronal system for genetic
enhancement treatment to combat aging and neurodegeneration.

Genetically enhanced vascular cells to alleviate aging
defects

The cardiovascular system circulates blood, oxygen, and nutrients
around the body, and consists of the heart and a complex network
of blood vessels [80]. Age-associated dysfunction in the cardio-
vascular system gradually affects the fitness of all organisms and
ultimately induces heart failure [81]. Therefore, it is essential to
maintain the health of the cardiovascular system. So far, several
genetic enhancement strategies have been developed to target
different cells within the cardiovascular system, including vascular
cells [82-85].

Human blood vessels are mainly composed of three tissue lay-
ers, namely the inner layer, tunica intima, which comprises vascu-
lar endothelial cells (VECs); the middle layer, tunica media, which
consists of vascular smooth muscle cells (VSMCs) intermingled
with elastic fibers; and the external layer, tunica adventitia, which
contains an extracellular matrix (collagen and elastin) and loose
fibrous connective tissue [86]. Importantly, vascular aging is often
associated with dysfunction of endothelial cells (ECs), impaired
cellular structure of VSMCs, and disorganized extracellular matrix
degradation [86, 87]. In order to ameliorate the functional decline
of these cells, researchers have genetically modified vascular cells
and investigated their effects in vivo and in vitro [44, 83]. FOXOS3 is
the main downstream effector of the PISK/Akt pathway and con-
tributes to human longevity regulation [88]. Continuous activation
of FOXO3 in human VECs and human VSMCs endows them with
anti-oxidant activity and senescence-resistant capacity [44]. In
addition, FOXO3-engineered human VECs and human VSMCs
exhibited improved vascular regeneration potential compared to
wild-type cells when used to treat limb ischemia in murine models
[44, 89]. Therefore, the transplantation of genetically enhanced
vascular cells presents a promising path to alleviate aging and
aging-associated cardiovascular diseases.

Genetically engineered HSCs to promote their
rejuvenation

Several studies have reported age-related exhaustion, impaired
self-renewal ability, and declined homing efficiency of hemato-
poietic stem cells (HSCs), which induce immunodeficiencies,
increases anemia along with the reduced HSC reconstitution
capacity [90-92]. This deterioration of the hematopoietic system
ultimately leads to chronic inflammation, vascular diseases, and
tumorigenesis in the cardiovascular system of older adults [93,
94]. Therefore, researchers proposed to rejuvenate the HSC pool

Life Medicine, 2022, Volume 1

by transplantation of young HSC resources [95, 96]. However,
there are also limitations, such as restricted availability and com-
patibility of young HSC resources [97]. To address this, research-
ers proposed heterochronous autologous hematopoietic stem
cell transplantation (haHSCT), in which HSCs were collected
during the healthy period of life and kept in liquid nitrogen for
several years to potentially treat age-related diseases later in the
same person [98]. This strategy will not cause immune rejection
since these young HSCs are derived from the same individual.
Furthermore, young populations of HSCs can partially replace the
older population in vivo and thus are beneficial to maintain healthy
aging [99].

However, haHSCT is not optimal for elderly patients or patients
with inherited diseases, and thus genetic modifications of autolo-
gous HSCs are attractive. For example, patients with inherited dis-
eases, such as 3-hemoglobin (HBB) disorders, which are caused
by a single gene mutation, encounter severe morbidity and mor-
tality [100]. In order to generate HSCs with persistent hemoglo-
bin induction, researchers constructed BCL711A enhancer-edited
hematopoietic stem and progenitor cells (HSPCs) collected from
patients with HBB disorders. They transplanted these genetically
modified stem cells into rhesus monkeys and found that they pro-
duced persistent hemoglobin levels in peripheral blood and BM,
suggesting a potential genetic treatment for humans with inher-
ited disorders [101].

Similarly, the genetic enhancement could be used to reju-
venate the aged HSC pool to antagonize aging. Several reports
showed an age-associated down-regulation of specific genes
in HSCs, like Satb1, Sirt3, and Sirt7, whereas overexpression
of these genes can rejuvenate HSCs [102—104]. Among them,
SATB1 is a chromatin regulator that functions during lymphoid
lineage specification [105]. Overexpression of Satb7 in HSPCs
collected from old mice can partially restore their lymphopoietic
activity [104]. In addition, SIRT3 is an NAD+*-dependent histone
deacetylase that reduces reactive oxygen species in aged HSCs,
and overexpression of Sirt3 can rejuvenate aged HSCs [102].
Similarly, overexpression of Sirt7, another gene coding a histone
deacetylase of the sirtuin family, was reported to improve the
regenerative function of senescent HSCs [103]. Moreover, over-
expression of the identified rejuvenating factors, including Cc/3 or
Yy1, could attenuate the age-associated lymphopoiesis decline
[106, 107]. Taken together, genetically enhanced HSCs are prom-
ising resources for transplantation to promote healthy aging and
treat aging-associated disorders.

Genetically modified/engineered T cells in disease
intervention

Immune cells regulate the immune response, including innate
and adaptive immune responses, to defend against a wide vari-
ety of pathogens and toxins [108]. The immune system plays an
essential role in maintaining homeostasis, and its dysregulation is
tightly associated with cancer development and aging. Combining
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synthetic biology techniques with gene editing, immune cell ther-
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Genetically enhanced NSCs to
alleviate neurodegeneration

Genetically engineered HSCs to
promote their rejuvenation

Genetically enhanced MSCs to
treat aging-related diseases

Genetically enhanced vascular cells
to alleviate aging defects

Genetically modified/engineered T
cells in disease intervention

*Targeting cancer cells with CAR T cells

*Targeting fibrosis with engineered T cells

+*Eliminating senescent cells with modified
T cells

, !

Figure 3. Schematic of the potential applications of genetic enhancement in various types of cells.

Genetically enhanced cells can be transplanted to different locations within diverse human systems. Prior studies have tested several systems,
including the nervous system, immune system, and cardiovascular system, as well as other systems. MSCs, NSCs, and HSCs refer to
mesenchymal stem cells, neural stem cells, and hematopoietic stem cells, respectively.

mice [124]. Collectively, engineered T cell therapy not only shows
great promise in oncology but also provides a novel and promis-
ing strategy for fibrosis interventions.

Eliminating senescent cells with engineered T cells

The aberrant accumulation of senescent cells contributes to
chronic inflammation, tissue dysfunction, age-associated chronic
diseases, and tumorigenesis in aged organisms [126, 127].
Senolytic drugs have been developed to specifically target senes-
cent cells and ameliorate the symptoms of multiple pathologies
and restore physical functions of aged mice [128]. Recently, the
surface protein urokinase-type plasminogen activator recep-
tor (UPAR) was identified as a universal senescent marker and
explored as a CAR T cell target to delete senescent cells [129].
uPAR-specific CAR T cells effectively ablated senescent cells
both in vitro and in vivo, and reduced liver fibrosis induced by car-
bon tetrachloride (CCl,) or nonalcoholic steatohepatitis (NASH)
resulting in an improvement of liver functions. These CAR T cells
targeting uPAR also improved the survival rate of mice with lung
adenocarcinoma combined with senescence-inducing drugs
[129]. Thus, engineered CAR T cells targeting senescent cell
surface markers have potential value for the treatment of senes-
cence-associated diseases.

Current limitations and ethical issues

Although genetic enhancement could serve as a potent strategy
to treat multiple aging-related diseases, there are also several
technical limitations [130]. First, considering the off-target effects,
which may cause point mutations, insertions, translocations in
genome, and so on, gene editing tools should be modified and
engineered to obtain higher efficiency and specificity to avoid
genotoxic effects [131, 132]. Second, since the viral delivery tools
might have safety concerns, researcher proposed to use non-viral
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vectors, such as lipid-based nanoparticles [133, 134]. However,
the delivery efficiency of non-viral vectors is cell-type depen-
dent [135, 136]. Therefore, safer and more efficient delivery tools
should be developed in the future. Third, to maintain the integrity
of the genome, the genetic modification, such as changes in the
number of nucleotides, should be as few as possible. Last but not
least, ethical issues should be sincerely addressed in the field.
All genetic enhancement technologies discussed in this review
do not involve any germ-line editing or adults without consent.
Collectively, before applying to clinical practices, genetically
enhanced cell therapy should be strictly quality-controlled, techni-
cally monitored, and ethically discussed case by case [17].

Conclusions and perspectives

Genetic enhancement strategies endow stem cells and differen-
tiated cells with improved safety and efficacy [44]. Through the
modification of target genes, their regenerative capacity can be
improved, which enhances their therapeutic effect (Table 1). In
this review, we have outlined current progress in genetic enhance-
ment of MSCs, NSCs, vascular cells, HSCs, and T cells (Fig. 3).
We also summarized the outcome of genetic enhancement via
different strategies, including improved cell survival, regeneration,
differentiation potentials, and safety. Furthermore, we discussed
the limitation and safety of genetic enhancement, which should
be carefully monitored before applying to clinical practices. With
the advancement of understanding longevity pathway, healthy
aging regulation, stress resistance, and anticancer mechanisms,
researchers will develop more enhancement strategies to revolu-
tionize cell therapy fields [137]. In the future, genetically enhanced
cells will potentially serve as an advanced cell resource in the cell
therapy field, providing powerful, standardized and commercial-
ized cell therapy products to treat multiple age-associated disor-
ders and diseases.
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