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ABSTRACT

Allogeneic stem cells derived from umbilical cord tissue, placenta, and umbilical cord blood have shown potential in treat-
ing delayed systemic aging and aging-related diseases. Aging induces cellular senescence, oxidative stress, chronic in-
flammation, and stem cell depletion, all of which contribute to tissue damage and functional decline. Recent advances in
regenerative medicine suggest that allogeneic stem cells can mitigate these aging processes through immunomodulation
and tissue regeneration. In particular, umbilical cord-derived mesenchymal stem cells have gained attention for clinical
applications owing to their strong immunomodulatory properties and low immunogenicity. These cells can repair dam-
aged tissues and enhance metabolic and cognitive function by secreting various cytokines, growth factors, and exosomes,
offering potential treatment for aging-related conditions such as osteoporosis and neurodegenerative disorders. Both
clinical and preclinical studies indicate that allogeneic stem cells play a critical role in alleviating these diseases, including
osteoporosis, osteoarthritis, cardiovascular diseases, and neurodegenerative disorders. Despite their therapeutic potential,
challenges remain, such as immune compatibility, long-term safety, and the lack of standardized protocols for large-scale
production. This review outlines the biological mechanisms by which allogeneic stem cells contribute to delayed aging,
summarizes current clinical research, and explores future prospects. Allogeneic stem cells may offer novel strategies for

delaying aging and extending lifespan.
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Introduction

Aging is a complex biological process characterized by the
gradual decline of organ and tissue function, along with an in-
creased risk of disease [1]. As global life expectancy continues to
rise, the need for effective strategies to delay aging and extend
healthspan has become increasingly imperative. Allogeneic stem
cells, obtained from donor sources, have garnered attention given
their applicability in regenerative medicine for delaying aging and
treating age-related disorders [2]. Systemic aging involves complex
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biological mechanisms, including cellular senescence, oxidative
stress, inflammation, telomere shortening, and impaired stem
cell function. Together, these factors disrupt tissue homeostasis
and organ function [3]. Understanding the molecular and cellular
mechanisms underlying aging is essential for both understand-
ing the aging process and developing therapeutic approaches to
counteract it. Recent studies have demonstrated the rejuvenating
potential of various allogeneic stem cell sources—such as the
umbilical cord, placenta, and adipose tissue—in aging tissues [4].
Advances in stem cell biology and regenerative medicine continue
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to harness the therapeutic potential of these cells to mitigate the
signs of aging and restore the function of multiple organ systems

5].

Characteristics and Classification of
Allogeneic Stem Cells

Definition and benefits of allogeneic stem cells

Allogeneic stem cells are derived from a donor who is geneti-
cally distinct from the recipient. Unlike autologous stem cells,
which are sourced from the patient’s body, allogeneic stem cells
from sources such as umbilical cord blood, placental tissue, bone
marrow, and adipose tissue are obtained from healthy donors.
These cells possess the remarkable ability to differentiate into
multiple lineages, such as osteogenic, chondrogenic, adipogenic,
and neurogenic, enabling their use in tissue repair and regenera-
tion [6].

Among the many advantages of allogeneic stem cells, imme-
diate availability is a key benefit. Without the need for patient-
specific harvesting and processing, they can be prepared, stored,
and readily deployed for clinical use. This feature is particularly
valuable in medical settings, where timely intervention is critical.
Moreover, stem cells derived from umbilical cord or placental
sources are considered immunologically immature, thereby re-
ducing the risk of immune rejection compared to other cell types
[7]. In the context of anti-aging therapy, allogeneic stem cells
help replenish damaged or senescent cells, thereby supporting
tissue homeostasis and preserving organ function [8]. Further-
more, these cells secrete a diverse array of bioactive molecules—
anti-inflammatory cytokines, growth factors, and extracellular
vesicles—that modulate inflammation, reduce oxidative stress,
and improve the cellular microenvironment [9]. Additionally, al-
logeneic stem cells contribute to the regeneration of aged tissues
and organs by enhancing angiogenesis, improving mitochondrial
function, and stimulating endogenous stem cells [10]. These com-
bined effects support improvements in skin elasticity, cognitive
function, and overall physiological resilience against age-related
decline. Recent advances in cell processing technologies, includ-
ing gene editing and immune modulation strategies, have further
increased the safety and efficacy of allogeneic stem cell therapies
in anti-aging applications. As a result, these therapies are being
more actively explored for clinical use to extend healthspan and
improve quality of life in aging populations.

Umbilical cord-derived MSCs or Wharton'’s jelly-
derived MSCs

Umbilical cord-derived mesenchymal stem cells (UC-MSCs),

particularly those isolated from Wharton’s jelly—a gelatinous
connective tissue within the umbilical cord—are a valuable
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noninvasive source of stem cells for regenerative therapies.
Characterized by a high proliferation rate, UC-MSCs enable the
production of large quantities of cells, which is essential for thera-
peutic applications [11]. These cells have demonstrated significant
immunomodulatory effects, capable of influencing both innate
and adaptive immune responses. This is especially important for
reducing inflammation and preventing immune-mediated tis-
sue damage [11]. One major advantage of UC-MSCs is their low
immunogenicity, allowing their use in allogeneic transplantation
with minimal risk of rejection. Additionally, as the umbilical cord
is a postnatal structure, UC-MSCs are not associated with ethical
concerns surrounding embryonic stem cells [11]. In the context
of the anti-aging therapy, UC-MSCs show considerable potential
owing to their ability to differentiate into various lineages, in-
cluding osteoblasts, chondrocytes, adipocytes, and neurons [12].
This multipotency supports the regeneration of damaged tissues
across multiple organ systems. In addition, UC-MSCs secrete a
wide range of paracrine factors—such as growth factors, cyto-
kines, and extracellular vesicles—that contribute to tissue repair,
increased angiogenesis, and oxidative stress modulation [13].
These secretions play a pivotal role in rejuvenating aged tissues by
enhancing skin elasticity, improving cardiovascular function, and
ameliorating neurodegenerative changes associated with aging
13].

Placenta-derived MSCs

Placenta-derived mesenchymal stem cells (P-MSCs) represent
a promising and emerging source of stem cells for both regenera-
tive and anti-aging therapies [14]. These cells originate from the
placenta—an organ typically discarded after birth—and thus
provide an abundant and ethically noncontroversial source of
MSCs. P-MSCs can be readily isolated from various placental
tissues, including the amniotic membrane, chorionic villi, and
decidua, making their procurement relatively simple and scalable
[14]. P-MSCs hold significant potential in mitigating systemic ag-
ing processes characterized by chronic low-grade inflammation
and acute immune dysfunction, owing to their potent immuno-
modulatory and anti-inflammatory properties [15]. Through the
secretion of anti-inflammatory cytokines and the modulation of
immune cell activity, P-MSCs help reduce systemic inflamma-
tion, thereby decreasing age-related tissue damage and promoting
healthspan extension. These cells exhibit considerable prolifera-
tive capacity and the ability to differentiate into multiple lineages,
including adipogenic, osteogenic, and neurogenic cells [14]. These
features enable P-MSCs to repair and regenerate aged tissues and
organs, potentially leading to improvements in cognitive func-
tion, bone density, and metabolic health in older individuals. Fur-
thermore, the bioactive factors secreted by P-MSCs can augment
mitochondrial function, improve vascular integrity, and promote
endogenous repair mechanisms, further reinforcing their role in
anti-aging interventions [16].
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Umbilical cord blood-derived MSCs

Umbilical cord blood-derived mesenchymal stem cells (UCB-
MSCs) represent another promising source of allogeneic stem cells
with significant potential for anti-aging applications. Collected
non-invasively from umbilical cord blood at the time of delivery,
UCB-MSCs are readily accessible and can be cryopreserved for
future therapeutic use [17]. These cells are known for their high
plasticity, enabling differentiation into various cell types, includ-
ing hematopoietic, neural, and mesenchymal lineages [17]. One of
the most notable characteristics of UCB-MSCs is their remarkable
immunosuppressive capacity, which allows them to modulate
immune responses, thereby reducing the risk of graft-versus-host
disease (GVHD) in allogeneic transplantation settings [18]. This
immunomodulatory property is particularly relevant for treating
age-related immune dysfunction and chronic inflammation. In
addition, UCB-MSCs have demonstrated strong neuroprotective
effects [19], making them valuable candidates for treating neuro-
degenerative diseases such as Alzheimer’s and Parkinson’s, which
are commonly associated with aging. Through the paracrine
secretion of neurotrophic factors, UCB-MSCs support neuronal
survival, synaptic plasticity, and cognitive function. Beyond their
neurological applications, UCB-MSCs contribute to systemic re-
juvenation by enhancing vascular regeneration, improving meta-
bolic function, and promoting tissue repair across multiple organ
systems [20]. Additionally, their ability to improve mitochondrial
efficiency and reduce oxidative stress represents another impor-
tant mechanism for delaying aging-related physiological decline.

Immunological characteristics and safety of
umbilical cord-derived MSCs

UC-MSCs possess highly favorable characteristics for alloge-
neic transplantation and regenerative therapies [21]. One of their
most notable features is low immunogenicity. This is primarily
due to their low expression of major histocompatibility complex
(MHC) class II antigens and co-stimulatory molecules such as
CD40, CD80, and CD86, which are responsible for the activa-
tion of T lymphocytes [22]. As a result, the likelihood of eliciting
an immune response against the graft is significantly reduced,
enabling broader clinical application of UC-MSCs without the
need for intensive immunosuppression. Taken together, these at-
tributes allow UC-MSCs to attenuate harmful immune responses
while preserving crucial host defense mechanisms. These unique
immunological properties make UC-MSCs particularly valuable
for minimizing the risk of GVHD, a major complication follow-
ing allogeneic stem cell transplantation [22].

Regarding safety, UC-MSCs have been rigorously evaluated
in both preclinical models and clinical trials, consistently dem-
onstrating a favorable safety profile [23]. Studies report minimal
adverse effects following intravenous or local administration.
Potential concerns, such as ectopic tissue formation or tumorige-
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nicity, have been thoroughly investigated, with current evidence
indicating a low risk when the cells are properly processed and
administered. Furthermore, their noninvasive derivation from
postnatal tissues such as the umbilical cord significantly lowers
the risk of donor-site morbidity and addresses many of the ethi-
cal concerns associated with other stem cell sources [24]. The
combination of low immunogenicity and a well-established safety
record strongly supports the future clinical use of UC-MSCs in
anti-aging therapy, immune-mediated conditions, and tissue
regeneration [25]. Ongoing research and the development of stan-
dardized clinical protocols may further enhance the efficacy and
safety of UC-MSC-based treatments.

Mechanisms of Systemic Aging Delay by
Allogeneic Stem Cells

Anti-inflammatory and immunomodaulatory effects

Aging is closely associated with chronic low-grade inflamma-
tion, a phenomenon known as “inflammaging,” which contrib-
utes to various age-related pathologies such as cardiovascular
diseases, neurodegenerative disorders, and metabolic syndrome.
Allogeneic stem cells—particularly UC-MSCs, P-MSCs, and
UCB-MSCs—exhibit potent anti-inflammatory and immuno-
modulatory effects that are critical in delaying systemic aging
[26,27]. These effects are primarily mediated through the secre-
tion of a diverse array of bioactive molecules, including anti-in-
flammatory cytokines such as interleukin-10 (IL-10), transform-
ing growth factor-beta, growth factors, and immunoregulatory
factors [28]. By modulating the activity of immune cells—
including T cells, B cells, natural killer cells, and macrophages—
these stem cells suppress the production of pro-inflammatory
cytokines like tumor necrosis factor-alpha (TNF-q) and inter-
leukin-6 (IL-6), thereby fostering an anti-inflammatory milieu.
Additionally, these cells promote the expansion of regulatory T
cells (Tregs) and inhibit the maturation of dendritic cells, which
prevents excessive immune activation [29]. Such mechanisms are
essential for mitigating chronic inflammation, a major driver of
tissue degeneration and organ function dysfunction. Multiple
clinical studies have demonstrated that systemic administration
of allogeneic stem cells can reduce inflammatory markers and re-
store immune homeostasis, ultimately leading to improved physi-
cal function and an extended healthspan [30].

Aging has been associated with pervasive but relatively subtle
inflammation—an idea often referred to as “inflammaging.” This
degenerative phase of normal development contributes to the on-
set of cardiovascular diseases, neurodegenerative disorders, and
metabolic syndrome. In particular, allogeneic stem cells—partic-
ularly those from UC-MSCs, P-MSCs, and UCB-MSCs—exhibit
potent anti-inflammatory and immunomodulatory properties.
These effects further support the immune suppression afforded
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by enhanced Treg activity and concurrent inhibition of dendritic
cell maturation, which together help suppress excessive immune
activation [26]. In the context of aging, these mechanisms are
instrumental in counteracting the harmful effects of chronic
inflammation, which would otherwise accelerate tissue degen-
eration and impair organ function. Several clinical studies have
reported that systemic administration of allogeneic stem cells
reduces inflammatory markers and promotes immune homeo-
stasis, resulting in improved physical function and an extended
healthspan [27].

Reduction of oxidative stress and antioxidant
mechanisms

Oxidative stress—arising from an imbalance between the pro-
duction of reduction of oxidative stress (ROS) and the body’s an-
tioxidant defenses—plays a central role in aging. Elevated levels of
ROS damage cellular components, including DNA, proteins, and
lipids, ultimately leading to cellular dysfunction and tissue degen-
eration [28]. Allogeneic stem cells help mitigate oxidative stress
through both direct and indirect mechanisms. They upregulate
the expression of endogenous antioxidant enzymes, such as su-
peroxide dismutase, catalase, and glutathione peroxidase, which
are particularly vital under conditions of oxidative challenge [29].
Allogeneic stem cells also secrete antioxidant peptides and factors
that enhance the resilience of surrounding tissues to oxidative
stress [29]. Furthermore, these cells improve mitochondrial func-
tion, thereby reducing mitochondrial-derived ROS production
[30]. By preserving mitochondrial integrity and bioenergetic ef-
ficiency, these cells maintain cellular homeostasis and delay the
onset of age-related functional decline [31].

Regulation of cellular senescence and apoptotic
pathways

Cellular senescence—the irreversible cessation of cell divi-
sion—and apoptosis (programmed cell death) are key features of
aging and are implicated in tissue dysfunction and age-related
diseases [1]. The accumulation of senescent cells within tissues
leads to the release of pro-inflammatory factors known as senes-
cence-associated secretory phenotype (SASP), which amplify in-
flammation and contribute to tissue degradation [32]. Allogeneic
stem cells have been shown to modulate these processes through
the secretion of factors that promote cell survival, enhance DNA
repair mechanisms, and suppress SASP expression [33]. UC-
MSCs, specifically, have demonstrated expression of telomerase
reverse transcriptase [34], which helps maintain telomere length,
thereby delaying replicative senescence. By protecting telomere
integrity, these stem cells limit the buildup of dysfunctional cells
in aging tissues. In addition, allogeneic stem cells can inhibit pro-
apoptotic pathways while activating anti-apoptotic signaling,
promoting the survival of cells in aging tissues. These effects are
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mediated through paracrine signaling that regulates key apop-
totic proteins such as Bcl-2 and Bax [35,36]. By reducing cellular
senescence and apoptosis, such stem cells may help preserve tis-
sue integrity and maintain functional capacity over time.

Promotion of tissue regeneration and repair

Allogeneic stem cells possess distinctive anti-aging mecha-
nisms, particularly through tissue regeneration and repair. These
cells exhibit multipotent lineage differentiation and can replenish
damaged or lost cells in various tissues such as the skin, bone,
muscle, and the cardiovascular system [37]. Beyond direct dif-
ferentiation, allogeneic stem cells exert powerful paracrine effects
by secreting growth factors (e.g., vascular endothelial growth
factor, hepatocyte growth factor, insulin-like growth factor 1) that
enhance the recruitment of endogenous progenitor cells, stimu-
late angiogenesis, and improve extracellular matrix remodeling.
Such paracrine signals are vital for accelerating wound healing,
restoring normal tissue architecture, and reversing age-related
degenerative changes [38]. Collectively, through improving physi-
cal performance, reducing frailty, and enhancing the quality of
life, these regenerative effects significantly contribute to the well-
being of aging populations [39].

Effects on aging-related genes and signaling
pathways

Aging is regulated by several key molecular pathways and genes
that regulate cellular longevity, metabolism, and stress responses.
Allogeneic stem cells can modulate these aging-related pathways,
thereby contributing to systemic aging delay. One of the primary
pathways affected by stem cells is the mechanistic target of ra-
pamycin (mTOR), which plays a central role in regulating cell
growth, metabolism, and autophagy. Autophagy-stimulating
factors secreted by stem cells inhibit mTOR signaling, which
promotes autophagy, enhances mitochondrial function, and
improves metabolic efficiency, all of which are associated with in-
creased longevity and delayed aging [40]. Furthermore, allogeneic
stem cells are known to enhance the expression of sirtuins, which
are NAD'-dependent deacetylases that regulate gene expres-
sion, DNA repair, and metabolic homeostasis. Increased sirtuin
activity, particularly that of SIRT1 and SIRT3, has been linked
to improved mitochondrial function, enhanced stress resistance,
and prolonged cellular lifespan [41]. Stem cells also influence the
p53 pathway, a major regulator of cell cycle arrest, apoptosis, and
genomic stability. Modulating p53 activity by allogeneic stem cells
promotes wound repair while preventing cellular, thereby main-
taining tissue homeostasis throughout aging [42]. Collectively,
their effects contribute to cellular resilience of cells, improved
metabolic function, and delayed onset of age-related diseases,
positioning allogeneic stem cells as highly promising agents for
systemic anti-aging interventions.
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Clinical Studies and Application Cases of
UC-MSCs

Reduction of systemic inflammation

Clinical trials involving UC-MSCs have demonstrated signifi-
cant reductions in systemic inflammation, a key marker of aging.
Additionally, transplantation of UC-MSCs has been associated
with decreased levels of pro-inflammatory cytokines such as IL-6,
TNF-q, and C-reactive protein, while levels of anti-inflammatory
cytokines such as IL-10 have increased (Table 1) [23,42-51]. These
immunomodulatory effects help balance the immune system,
enhancing both innate and adaptive immune responses. Clinical
evidence also suggests improvements in T-cell proliferation, resto-
ration of Tregs, and increased natural killer cell activity following
UC-MSC therapy. Collectively, these changes contribute to better
immune surveillance and reduced susceptibility to infections,
supporting the reduction of chronic inflammation and delaying
the onset of age-related diseases [38].

Metabolic health and physical fitness improvement

Clinical studies indicate that UC-MSC therapy significantly
improves metabolic health and physical performance in patients.
UC-MSC transplantation has been shown to enhance insulin sen-
sitivity and improve glucose regulation by lowering fasting blood
glucose levels [44]. Patients treated with UC-MSCs also exhibited
improved lipid profiles, with reductions in total cholesterol, low-
density lipoprotein, and triglycerides, whereas their high-density
lipoprotein levels were increased [42]. These metabolic benefits
help mitigate the risk of type 2 diabetes and cardiovascular dis-
ease. In addition, treated individuals showed improvements in
muscle mass, hand grip strength, and endurance capacity, as eval-
uated through physical performance tests such as the 6-minute
walk test and handgrip strength assessments [48]. These findings
suggest that UC-MSC therapy may counteract age-related sarco-
penia and other metabolic declines (Table 1) [50].

Treatment of other conditions

UC-MSC therapy is increasingly being explored for a range of
other medical conditions. In randomized clinical trials (RCTs),
UC-MSCs have demonstrated both efficacy and safety in treating
cesarean section scars, with positive outcomes in scar appearance
and skin quality (Table 1) [51]. Additionally, UC-MSC treatment
has been expanded to address both symptoms and underlying
inflammation of rheumatoid arthritis [38]. UC-MSC therapy has
demonstrated significant and safe improvements in disease out-
comes for conditions such as Crohn’s disease [42].
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Potential in preventing and treating geriatric
diseases

There is growing evidence supporting the potential of UC-
MSCs in the treatment and prevention of various geriatric con-
ditions, including osteoporosis, osteoarthritis, and cognitive
decline. Encouraging early results have been reported in clinical
practice regarding the use of UC-MSCs to improve bone mineral
density, regulate calcium metabolism, and enhance osteoblast
activity in patients with osteoporosis, ultimately leading to
stronger bone formation and a reduced risk of fractures [46]. In
osteoarthritis, intra-articular injections of UC-MSCs have shown
significant effects in alleviating joint pain, improving joint func-
tion, and promoting cartilage regeneration, as confirmed by MRI
and arthroscopic evaluations (Table 1) [45]. In cases of cognitive
decline—particularly in the early stages of Alzheimer’s disease—
UC-MSC treatment has shown potential in preserving cognitive
function by reducing amyloid-beta deposition and modulating
neuroinflammatory markers [49]. Other clinical reports on pa-
tients treated with UC-MSCs indicate general improvements in
the quality of life and functional capacity affected by age-associ-
ated conditions [46).

Safety and Adverse Effects Reports

Although UC-MSCs have demonstrated significant promise in
both preclinical and clinical trials, safety remains an important
consideration. Most clinical studies report only minimal adverse
effects, typically limited to transient fever, localized swelling at
the injection site, and mild fatigue [47]. Immunogenic reactions
are rare, largely due to the immunomodulatory properties of UC-
MSCs and their low expression of MHC class II molecules [46].
Despite these reassuring findings, long-term safety data are still
required to rule out potential risks, such as tumorigenicity, ecto-
pic tissue formation, or organ dysfunction.

Comparison of Current Anti-Aging
Therapies and Allogeneic Stem Cell
Treatments

Current anti-aging interventions encompass a wide range of
drugs, hormones, lifestyle changes, and aesthetic procedures tar-
geting different aspects of the aging process [52]. Pharmacological
agents such as retinoids and senolytic compounds aim to pro-
tect cells from damage and eliminate senescent cells. Metabolic
modulators such as metformin and rapamycin have also been
investigated for their potential anti-aging effects [53]. Hormonal
therapies—including growth hormone and hormone replacement
therapy—seek to counteract age-related hormonal decline; how-
ever, they carry potential risks such as metabolic dysregulation
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and malignancy [54]. Lifestyle modifications, including caloric
restriction and fasting, along with nutraceuticals such as NAD"
precursors and resveratrol, have been associated with enhanced
repair mechanisms and longevity pathways [55]. Aesthetic treat-
ments, such as platelet-rich plasma injections, botulinum toxin
injections, and laser procedures, primarily offer superficial im-
provements without addressing the underlying biological aging
process [56]. In contrast, allogeneic stem cell therapies, particular-
ly those using UC-MSCs, adopt a regenerative approach aimed at
reducing inflammation, promoting tissue repair, and ultimately
reversing certain aspects of age-related degeneration [57]. While
these therapies may be viewed as superior due to their distinct
mechanisms compared to conventional anti-aging interventions,
they remain largely experimental, as robust and sustained clinical
evidence is still lacking.

Reality and Limitations of UC-MSC Therapy

Clinical challenges in UC-MSC therapy

Although UC-MSCs are generally considered to have lower
immunogenicity than other allogeneic stem cells, concerns re-
garding immunological rejection remain. The long-term safety
of UC-MSC therapy is still unclear, as only a limited number of
high-quality RCTs have evaluated post-transplantation complica-
tions [58]. Some RCTs have shown promising therapeutic effects;
however, these studies were limited by small sample sizes, short
follow-up periods, and heterogenous study designs [59]. To better
understand complications such as GVHD and tumorigenicity,
more extensive, controlled, and long-term safety studies are nec-
essary [59]. The lack of standardization in the isolation, expan-
sion, and characterization of UC-MSCs further complicates the
reproducibility and scalability of their clinical application [60].
Variations in donor gestational age, culturing conditions, and
cell passage number affect both the quality and potency of UC-
MSCs, necessitating robust quality control (QC) measures and
standardized protocols [61]. Without these, clinical outcomes
may continue to vary across studies. Additionally, economic and
ethical barriers are expected to hinder the widespread adoption
of UC-MSC therapies. The costs associated with large-scale cell
culture, processing, and storage are barriers to scalability, es-
pecially in resource-constrained settings [62]. Ethical and legal
concerns also restrict the availability of regenerative therapies,
emphasizing the importance of comprehensive long-term safety
data to support informed consent practices [63]. While UC-MSCs
are derived from a noncontroversial source—the umbilical cord
post-delivery—their commercial use must still be appropriately
regulated to prevent exploitation and unethical practices [64].
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Clinical reality and public expectations

A critical challenge in the implementation of UC-MSC therapy
lies in the gap between public expectations and clinical reality,
particularly in the context of anti-aging applications. Stem cell
therapies are often portrayed as “revolutionary” solutions that
can regenerate tissues, extend lifespan, and rejuvenate the body.
However, scientific evidence supporting these claims remains
inconclusive. Most clinical studies investigating the anti-aging
effects of stem cells have been limited by cohort size and period
of observation, making it difficult to draw conclusions regarding
long-term efficacy and safety. While preclinical studies suggest
that UC-MSCs can facilitate tissue regeneration through para-
crine signaling and immunomodulatory mechanisms, it remains
uncertain whether these findings can be translated into reliable
and effective human therapies. Furthermore, key considerations
such as cellular senescence, sustained engraftment, and potential
complications, including fibrosis and tumor formation, require
more rigorous investigation before UC-MSCs can be adopted in
anti-aging clinical settings [65]. In parallel, regulatory frame-
works must evolve to support innovation in stem cell therapies
while prioritizing patient safety and preventing premature com-
mercialization [65].

The Role of Family Physicians in Advising
Patients about Stem Cell Therapy

Given the current level of scientific evidence, stem cell-based
anti-aging therapies should not be recommended as part of
routine clinical practice. Although stem cell treatments show
promise, their effectiveness for anti-aging applications remains
unproven, primarily due to the lack of large-scale, long-term
studies demonstrating both efficacy and safety. Family physicians
play a critical role in guiding patients by offering evidence-based
information and helping to manage expectations regarding these
treatments. Physicians should be prepared to counsel patients on
the experimental nature of stem cell interventions. Most claims
related to rejuvenation and extended longevity are not adequately
substantiated. Potential risks, such as immune reactions or ex-
ploitation of vulnerable patients through unregulated commercial
practices, should also be discussed. Furthermore, physicians can
assist patients in distinguishing between legitimate, regulated
clinical trials and unproven therapies promoted with exagger-
ated or misleading claims of success [66]. As stem cell research
advances, it is essential for family physicians to stay informed and
provide balanced, up-to-date guidance. Until more conclusive
clinical evidence becomes available, a cautious, patient-centered
approach is warranted to ensure informed decision-making and
the minimization of harm to patients.
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Future Perspectives and Directions for
Improvement

Potential for gene editing and personalized
anti-aging therapies

Gene editing technologies—in particular, clustered regularly
interspaced short palindromic repeats/Cas9—hold immense
potential for enhancing the therapeutic efficacy of MSCs [67]. By
precisely editing genes associated with aging or age-related condi-
tions, it may become possible to significantly boost the regenera-
tive capacity of UC-MSCs [68]. Furthermore, gene editing could
allow for the correction of individual genetic predisposition to
age-related diseases, thereby personalizing UC-MSC therapy.

Stem cell-derived exosome-based strategies

Exosomes derived from UC-MSCs are gaining growing recog-
nition as a viable alternative to live cell transplantation. The exo-
somes can carry bioactive molecules, such as proteins, lipids, and
RNA, which mediate regenerative effects [69]. A key advantage of
exosomes is their ability to cross biological barriers more easily
than whole cells, enabling more precise targeting of damaged or
diseased tissues and enhancing therapeutic delivery [70].

Combination therapy with senolytic drugs

Senolytic drugs are compounds that selectively eliminate se-
nescent cells—cells that have lost their capacity to divide and con-
tribute to tissue aging [53]. These drugs are emerging as promis-
ing tools in regenerative medicine and anti-aging treatments. In
combination with UC-MSC therapy, these senolytic drugs may
enhance treatment outcomes by addressing both cellular and mo-
lecular contributors to aging [71].

Integration with personalized medicine

The integration of UC-MSC therapies with personalized
medicine represents one of the most promising developments in
regenerative medicine [72]. Personalized medicine seeks to tailor
treatment strategies based on the individual’s genetic makeup,
lifestyle, and comorbid conditions. Recent reports suggest that
UC-MSCs can be modified according to patient-specific charac-
teristics, thereby enhancing their therapeutic efficacy while mini-
mizing adverse effects. Through precision approaches, UC-MSC
therapy has the potential to improve treatment outcomes in age-
related and degenerative diseases [73]. Combining targeted regen-
erative therapies with individualized patient profiles yields more
effective and safer interventions that maximize the regenerative
benefits of stem cell treatment [74].
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Conclusion

Looking ahead, these emerging therapeutic strategies may help
resolve challenges such as immune rejection, standardization,
scalability, and cost in stem cell-based anti-aging therapy. UC-
MSCs stand out among regenerative modalities due to their safety
profile, potent regenerative capacity, and immunomodulatory
properties. Continued advancements in gene editing, exosome-
based therapies, and combination treatments are likely to increase
the clinical applicability of UC-MSCs. Ultimately, these personal-
ized and effective anti-aging therapies are expected to be centered
around UC-MSCs.

Article Information

Conflict of interest
No potential conflict of interest relevant to this article was re-
ported.

Funding
None.

Data availability
Not applicable.

ORCID
Seongho Han: https://orcid.org/0000-0002-1651-7069
Sung-Whan Kim: https://orcid.org/0000-0003-3616-144X

Author contribution

Conceptualization: SH, SWK. Formal analysis: SH, SWK. Inves-
tigation: SH, SWK. Validation: SH, SWK. Writing-original draft:
SH, SWK. Writing-review & editing: SH, SWK. Final approval of
the manuscript: all authors.

References

1. Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G. The

hallmarks of aging. Cell 2013;153:1194-217.

2. Pittenger ME Discher DE, Peault BM, Phinney DG, Hare JM, Caplan
Al Mesenchymal stem cell perspective: cell biology to clinical prog-
ress. NPJ Regen Med 2019;4:22.

. Wang S, Qu X, Zhao RC. Clinical applications of mesenchymal stem
cells. ] Hematol Oncol 2012;5:19.

4. Trounson A, McDonald C. Stem cell therapies in clinical trials: prog-
ress and challenges. Cell Stem Cell 2015;17:11-22.

. Wang ], Deng G, Wang S, Li S, Song P, Lin K, et al. Enhancing regener-

w

(42

ative medicine: the crucial role of stem cell therapy. Front Neurosci
2024;18:1269577.

. Augello A, De Bari C. The regulation of differentiation in mesenchy-
mal stem cells. Hum Gene Ther 2010;21:1226-38.

2]

www.kjfm.or.kr



Allogeneic stem cells in anti-aging therapy

135

7.

(o]

©

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chia WK, Cheah FC, Abdul Aziz NH, Kampan NC, Shuib S, Khong TY,
et al. A review of placenta and umbilical cord-derived stem cells and
the immunomodulatory basis of their therapeutic potential in bron-
chopulmonary dysplasia. Front Pediatr 2021;9:615508.

. Vizoso FJ, Eiro N, Costa L, Esparza P, Landin M, Diaz-Rodriguez P, et

al. Mesenchymal stem cells in homeostasis and systemic diseases:
hypothesis, evidences, and therapeutic opportunities. Int ] Mol Sci
2019;20:3738.

. Madrigal M, Rao KS, Riordan NH. A review of therapeutic effects of

mesenchymal stem cell secretions and induction of secretory modifi-
cation by different culture methods. ] Transl Med 2014;12:260.

Liu S, Zhou J, Zhang X, Liu Y, Chen J, Hu B, et al. Strategies to optimize
adult stem cell therapy for tissue regeneration. Int ] Mol Sci 2016;17:982.
Mebarki M, Abadie C, Larghero J, Cras A. Human umbilical cord-de-
rived mesenchymal stem/stromal cells: a promising candidate for the
development of advanced therapy medicinal products. Stem Cell Res
Ther 2021;12:152.

Ahani-Nahayati M, Niazi V, Moradi A, Pourjabbar B, Roozafzoon R,
Keshel SH, et al. Umbilical cord mesenchymal stem/stromal cells po-
tential to treat organ disorders; an emerging strategy. Curr Stem Cell
Res Ther 2022;17:126-46.

Sriramulu S, Banerjee A, Di Liddo R, Jothimani G, Gopinath M, Muru-
gesan R, et al. Concise review on clinical applications of conditioned
medium derived from human umbilical cord-mesenchymal stem
cells (UC-MSCs). Int ] Hematol Oncol Stem Cell Res 2018;12:230-4.
Guerrero EN, Vega S, Fu C, De Leon R, Beltran D, Solis MA. Increased
proliferation and differentiation capacity of placenta-derived mesen-
chymal stem cells from women of median maternal age correlates
with telomere shortening. Aging (Albany NY) 2021;13:24542-59.
Abumaree MH, Abomaray FM, Alshabibi MA, AlAskar AS, Kalionis B.
Immunomodulatory properties of human placental mesenchymal
stem/stromal cells. Placenta 2017;59:87-95.

Xie C, Jin J, Lv X, Tao J, Wang R, Miao D. Anti-aging effect of trans-
planted amniotic membrane mesenchymal stem cells in a premature
aging model of Bmi-1 deficiency. Sci Rep 2015;5:13975.

Markov V, Kusumi K, Tadesse MG, William DA, Hall DM, Lounev V; et
al. Identification of cord blood-derived mesenchymal stem/stromal
cell populations with distinct growth kinetics, differentiation poten-
tials, and gene expression profiles. Stem Cells Dev 2007;16:53-73.
Yang S, Wei Y, Sun R, Lu W, Lv H, Xiao X, et al. Umbilical cord
blood-derived mesenchymal stromal cells promote myeloid-derived
suppressor cell proliferation by secreting HLA-G to reduce acute graft-
versus-host disease after hematopoietic stem cell transplantation. Cy-
totherapy 2020;22:718-33.

Ko HR, Ahn SY, Chang YS, Hwang I, Yun T, Sung DK, et al. Human
UCB-MSCs treatment upon intraventricular hemorrhage contributes
to attenuate hippocampal neuron loss and circuit damage through
BDNF-CREB signaling. Stem Cell Res Ther 2018;9:326.

Um S, Ha J, Choi SJ, Oh W, Jin HJ. Prospects for the therapeutic devel-
opment of umbilical cord blood-derived mesenchymal stem cells.
World J Stem Cells 2020;12:1511-28.

Nagamura-Inoue T, He H. Umbilical cord-derived mesenchymal stem
cells: their advantages and potential clinical utility. World J Stem Cells
2014;6:195-202.

QiuY, Yun MM, Han X, Zhao R, Zhou E, Yun S. Human umbilical cord
mesenchymal stromal cells suppress MHC class II expression on rat
vascular endothelium and prolong survival time of cardiac allograft.

www.kjfm.or.kr

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

IntJ Clin Exp Med 2014;7:1760-7.

Bartolucci J, Verdugo FJ, Gonzalez PL, Larrea RE, Abarzua E, Goset C,
et al. Safety and efficacy of the intravenous infusion of umbilical cord
mesenchymal stem cells in patients with heart failure: a phase 1/2
randomized controlled trial (RIMECARD Trial [Randomized Clinical
Trial of Intravenous Infusion Umbilical Cord Mesenchymal Stem
Cells on Cardiopathy]). Circ Res 2017;121:1192-204.

Das M, Sloan AJ. Stem cell sources from human biological waste ma-
terial: a role for the umbilical cord and dental pulp stem cells for re-
generative medicine. Hum Cell 2023;36:1312-25.

Chang L, Fan WW, Yuan HL, Liu X, Wang Q, Ruan Gb, et al. Role of
umbilical cord mesenchymal stromal cells in skin rejuvenation. NPJ
Regen Med 2024;9:20.

English K, Mahon BP. Allogeneic mesenchymal stem cells: agents of
immune modulation. J Cell Biochem 2011;112:1963-8.

Golpanian S, DiFede DL, Khan A, Schulman IH, Landin AM, Tomp-
kins BA, et al. Allogeneic human mesenchymal stem cell infusions for
aging frailty. ] Gerontol A Biol Sci Med Sci 2017;72:1505-12.

Schieber M, Chandel NS. ROS function in redox signaling and oxida-
tive stress. Curr Biol 2014;24:R453-62.

Gusti AM, Qusti SY, Alshammari EM, Toraih EA, Fawzy MS. Antioxi-
dants-related superoxide dismutase (SOD), catalase (CAT), glutathi-
one peroxidase (GPX), glutathione-S-transferase (GST), and nitric ox-
ide synthase (NOS) gene variants analysis in an obese population: a
preliminary case-control study. Antioxidants (Basel) 2021;10:595.
Stavely R, Nurgali K. The emerging antioxidant paradigm of mesen-
chymal stem cell therapy. Stem Cells Transl Med 2020;9:985-1006.
Hipkiss AR. Mitochondrial dysfunction, proteotoxicity, and aging:
causes or effects, and the possible impact of NAD+-controlled protein
glycation. Adv Clin Chem 2010;50:123-50.

Campisi J. Aging, cellular senescence, and cancer. Annu Rev Physiol
2013;75:685-705.

Gnecchi M, Zhang Z, Ni A, Dzau VJ. Paracrine mechanisms in adult
stem cell signaling and therapy. Circ Res 2008;103:1204-19.
Hosseinzadeh Anvar L, Hosseini-Asl S, Mohammadzadeh-Vardin M,
Sagha M. The telomerase activity of selenium-induced human umbil-
ical cord mesenchymal stem cells is associated with different levels of
c-Myc and p53 expression. DNA Cell Biol 2017;36:34-41.

Reed JC. Bcl-2 family proteins: regulators of apoptosis and chemore-
sistance in hematologic malignancies. Semin Hematol 1997;34(4 Sup-
pl15):9-19.

Susnow N, Zeng L, Margineantu D, Hockenbery DM. Bcl-2 family
proteins as regulators of oxidative stress. Semin Cancer Biol 2009;19:
42-9.

Caplan Al. Mesenchymal stem cells: time to change the name! Stem
Cells Transl Med 2017;6:1445-51.

Wei X, Yang X, Han ZP, Qu FE Shao L, Shi YE. Mesenchymal stem
cells: a new trend for cell therapy. Acta Pharmacol Sin 2013;34:747-54
Akhondzadeh F, Kadkhodaee M, Seifi B, Ashabi G, Kianian F, Ab-
dolmohammadi K, et al. Adipose-derived mesenchymal stem cells
and conditioned medium attenuate the memory retrieval impairment
during sepsis in rats. Mol Neurobiol 2020;57:3633-45.

Laplante M, Sabatini DM. mTOR signaling in growth control and dis-
ease. Cell 2012;149:274-93.

Tang BL. Sirtl’s systemic protective roles and its promise as a target in
antiaging medicine. Transl Res 2011;157:276-84.

Zhang]J, Lv S, Liu X, Song B, Shi L. Umbilical cord mesenchymal stem

https://doi.org/10.4082/kjfm.25.0080



136

Seongho Han, et al.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52,

53.

54,

55.

56.

57.

58.

cell treatment for Crohn’s disease: a randomized controlled clinical
trial. Gut Liver 2018;12:73-8.

Zhao XE Xu Y, Zhu ZY, Gao CY, Shi YN. Clinical observation of umbili-
cal cord mesenchymal stem cell treatment of severe systolic heart fail-
ure. Genet Mol Res 2015;14:3010-7.

Zhao J, Wang Y, Hou Y, Ma W, Mu Y, Gu W. Efficacy of UC-MSC infu-
sion in patients with coexisting type 2 diabetes mellitus and nonalco-
holic fatty liver disease: a post hoc analysis of a prospective clinical tri-
al. Acad ] Chin PLA Med Sch 2024;45:571-7, 83.

Matas J, Orrego M, Amenabar D, Infante C, Tapia-Limonchi R, Cadiz
M], et al. Umbilical cord-derived mesenchymal stromal cells (MSCs)
for knee osteoarthritis: repeated MSC dosing is superior to a single
MSC dose and to hyaluronic acid in a controlled randomized phase I/
II trial. Stem Cells Transl Med 2019;8:215-24.

Hendrijantini N, Kusumaningsih T, Rostiny R, Mulawardhana P,
Danudiningrat CP, Rantam FA. A potential therapy of human umbili-
cal cord mesenchymal stem cells for bone regeneration on osteopo-
rotic mandibular bone. Eur ] Dent 2018;12:358-62.

Shim J, Kim KT, Kim KG, Choi UY, Kyung JW, Sohn §, et al. Safety and
efficacy of Wharton'’s jelly-derived mesenchymal stem cells with teri-
paratide for osteoporotic vertebral fractures: a phase I/1la study. Stem
Cells Transl Med 2021;10:554-67.

GuJ, Huang L, Zhang C, Wang Y, Zhang R, Tu Z, et al. Therapeutic evi-
dence of umbilical cord-derived mesenchymal stem cell transplanta-
tion for cerebral palsy: a randomized, controlled trial. Stem Cell Res
Ther 2020;11:43.

Jamali E Aldughmi M, Atiani S, Al-Radaideh A, Dahbour S, Alhattab D,
et al. Human umbilical cord-derived mesenchymal stem cells in the
treatment of multiple sclerosis patients: phase I/II dose-finding clini-
cal study. Cell Transplant 2024;33:9636897241233045.

Zhang C, Yin X, ZhangJ, Ao Q, Gu Y, Liu Y. Clinical observation of um-
bilical cord mesenchymal stem cell treatment of severe idiopathic
pulmonary fibrosis: a case report. Exp Ther Med 2017;13:1922-6.

Fan D, Zeng M, Xia Q, Wu S, Ye S, Rao J, et al. Efficacy and safety of
umbilical cord mesenchymal stem cells in treatment of cesarean sec-
tion skin scars: a randomized clinical trial. Stem Cell Res Ther
2020;11:244.

Partridge L, Deelen ], Slagboom PE. Facing up to the global challenges
of ageing. Nature 2018;561:45-56.

Kirkland JL, Tchkonia T. Cellular senescence: a translational perspec-
tive. EBioMedicine 2017;21:21-8.

Liu H, Bravata DM, Olkin I, Nayak S, Roberts B, Garber AM, et al. Sys-
tematic review: the safety and efficacy of growth hormone in the
healthy elderly. Ann Intern Med 2007;146:104-15.

de Cabo R, Mattson MP. Effects of intermittent fasting on health, ag-
ing, and disease. N Engl ] Med 2019;381:2541-51.

Leo MS, Kumar AS, Kirit R, Konathan R, Sivamani RK. Systematic re-
view of the use of platelet-rich plasma in aesthetic dermatology. J
Cosmet Dermatol 2015;14:315-23.

Zhu'Y, Huang C, Zheng L, Li Q, Ge J, Geng S, et al. Safety and efficacy
of umbilical cord tissue-derived mesenchymal stem cells in the treat-
ment of patients with aging frailty: a phase I/II randomized, dou-
ble-blind, placebo-controlled study. Stem Cell Res Ther 2024;15:122.
WangY, Chen X, Cao W, Shi Y. Plasticity of mesenchymal stem cells in

https://doi.org/10.4082/kjfm.25.0080

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

immunomodulation: pathological and therapeutic implications. Nat
Immunol 2014;15:1009-16.

Lalu MM, McIntyre L, Pugliese C, Fergusson D, Winston BW, Marshall
JC, et al. Safety of cell therapy with mesenchymal stromal cells (Safe-
Cell): a systematic review and meta-analysis of clinical trials. PLoS
One 2012;7:e47559.

Galipeau J. The mesenchymal stromal cells dilemma: does a negative
phase III trial of random donor mesenchymal stromal cells in ste-
roid-resistant graft-versus-host disease represent a death knell or a
bump in the road? Cytotherapy 2013;15:2-8.

Viswanathan S, Keating A, Deans R, Hematti P, Prockop D, Stroncek
DE et al. Soliciting strategies for developing cell-based reference ma-
terials to advance mesenchymal stromal cell research and clinical
translation. Stem Cells Dev 2014;23:1157-67.

Bourin P, Bunnell BA, Casteilla L, Dominici M, Katz AJ, March KL, et
al. Stromal cells from the adipose tissue-derived stromal vascular
fraction and culture expanded adipose tissue-derived stromal/stem
cells: a joint statement of the International Federation for Adipose
Therapeutics and Science (IFATS) and the International Society for
Cellular Therapy (ISCT). Cytotherapy 2013;15:641-8.

Hyun [, Lindvall O, Ahrlund-Richter L, Cattaneo E, Cavazzana-Calvo
M, Cossu G, et al. New ISSCR guidelines underscore major principles
for responsible translational stem cell research. Cell Stem Cell 2008;3:
607-9.

Isasi RM, Knoppers BM. Beyond the permissibility of embryonic and
stem cell research: substantive requirements and procedural safe-
guards. Hum Reprod 2006;21:2474-81.

Hyun L. Allowing innovative stem cell-based therapies outside of clin-
ical trials: ethical and policy challenges. ] Law Med Ethics 2010;38:
277-85.

Sipp D, Caulfield T, Kaye J, Barfoot J, Blackburn C, Chan §, et al. Mar-
keting of unproven stem cell-based interventions: a call to action. Sci
Transl Med 2017;9:eaag0426.

Chae DS, Han S, Lee MK, Kim SW. BMP-2 genome-edited human
MSCs protect against cartilage degeneration via suppression of IL-34
in collagen-induced arthritis. Int ] Mol Sci 2023;24:8223.

Barrangou R, Doudna JA. Applications of CRISPR technologies in re-
search and beyond. Nat Biotechnol 2016;34:933-41.

Zhou J, Liu HX, Li SH, Gong YS, Zhou MW, Zhang JH, et al. Effects of
human umbilical cord mesenchymal stem cells-derived exosomes on
fracture healing in rats through the Wnt signaling pathway. Eur Rev
Med Pharmacol Sci 2019;23:4954-60.

Zhao T, Sun E Liu J, Ding T, She J, Mao E et al. Emerging role of mes-
enchymal stem cell-derived exosomes in regenerative medicine. Curr
Stem Cell Res Ther 2019;14:482-94.

Fuhrmann-Stroissnigg H, Ling YY, Zhao ], McGowan SJ, Zhu Y, Brooks
RW, et al. Identification of HSP90 inhibitors as a novel class of senolyt-
ics. Nat Commun 2017;8:422.

Ashley EA. Towards precision medicine. Nat Rev Genet 2016;17:507-22.
Mirnezami R, Nicholson J, Darzi A. Preparing for precision medicine.
N Engl ] Med;366:489-91.

Collins FS, Varmus H. A new initiative on precision medicine. N Engl ]
Med 2015;372:793-5.

www.kjfm.or.kr



