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Abstract

characteristics of SCs, and research progress on age reversal.
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As human life expectancy continues to increase and the birth rate continues to decline, the phenomenon of aging is becomg
more prominent worldwide. Therefore, addressing the problems associated with global aging has become a current research focus.
The main manifestations of human aging are structural degeneration and functional decline of aging tissues and organs, quality of
life decline, decreased ability to resist diseases, and high incidence rates of a variety of senile degenerative diseases. Thus far, no
ideal treatments have been found. Stem cell (SC) therapies have broad application prospects in the field of regenerative medicine
due to the inherent biological characteristics of SCs, such as their plasticity, self-renewal, and multidirectional differentiation
potential. Thus, SCs could delay or even reverse aging. This manuscript reviews the causes of human aging, the biological

Introduction

With the anticipation of an aging society, aging research
has become an important research direction in the life
sciences. The World Health Organization states that
population aging is accelerating around the world, and the
number of people over the age of 60 worldwide is expected
to reach 2 billion by 2050.!" The latest data from the
National Bureau of Statistics show that China’s total
population is increasing; however, the growth rate is
slowing, and the birth rate has been low in recent years. In
2020, the birth rate was 8.52%o, a decrease of 1.89%o
compared with the previous year, and the natural
population growth rate was 1.45%., a decrease of
1.87%0 compared with 2019. People over 65 years old
currently account for 13.5% of the total population.?' It is
estimated that China’s aging population will reach
480 million by 2050, accounting for approximately
35% of the total population. China’s birth rates in the
next 5 years are predicted to remain low.!*! This trend will
eventually lead to the problem of an aging population.
Aging is an unavoidable phenomenon characterized by the
appearance of flabby skin, sparse and gray hair, memory
decline, and various degenerative diseases. Furthermore,
aging results in susceptibility to various chronic diseases,
which make the healthy life span expectancy less than the
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actual life span. This phenomenon will increasingly
threaten socioeconomic growth and sustainable develop-
ment. Therefore, addressing global aging has become a
research focus.

With the continuous development of biotechnology, stem
cells (SCs) have altered the traditional concept of anti-
aging and attracted increasing attention as a new
treatment strategy. The Standardization Guide of Stem
Cell Antiaging Technology refers to sources of human
autograft or allograft SCs that are cultured iz vitro and
then locally injected into specific parts of the human body
or administered via intravenous infusion into the human
body. These cells are capable of proliferation and
multidirectional differentiation, regulating tissue repair
and immune processes to improve skin texture, maintain-
ing skin rejuvenation, improving the mental state,
improving the repairability of autologous tissues and
organs, and slowing down the aging process, all of which
are anti-aging effects.[*! Therefore, fully elucidating how
SCs delay or reverse aging is crucial for their future clinical
application. In addition, it is important to fully understand
current research progress on the ability of SCs to reverse
aging and, more importantly, to facilitate the development
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of increasingly effective anti-aging treatment strategies.
This paper summarizes the SC types that have been used in
anti-aging research [Table 1].

Overview of aging

Aging is a biological phenomenon in which the structures
and functions of organisms decline over time. Senescent
cells were once considered to be potential contributors
to the age-associated loss of regenerative potential, but
there is increasing evidence of the detrimental role of
senescent cells in aging.!*®! The main characteristics of
senescent cell damage include mitochondrial dysfunc-
tion; impaired immune function or immunosenescence;
accumulation of damaged proteins (impaired proteo-
stasis) and somatic and mitochondrial DNA mutations;
aberrant intracellular communication; telomere shorten-
ing; and alteratlon of autophagy, epigenetics, and
nutrient sensing.!

Together, these alterations compromise cell and tissue
functions and drive aging and diseases, including cancer,
diabetes, osteoporosis, sarcopenia, cardiovascular diseases,
and neurodegenerative diseases. Aging includes both
physiological and pathological aging. The former refers
to the development of rough skin, deepening wrinkles,
gray hair, memory decline, and lack of energy, whereas
pathological aging constitutes excessive aging caused by
certain abnormal factors. Aging has always been a
fascinating topic for scientists, and despite the performance
of numerous studies, no complete or authoritative explana-
tion of the causes and mechanisms of aging has been
elucidated.

Aging is a complex change that occurs in organisms at
multiple levels, and many theories about the underlying
causes have been developed. Of these theories, cellular
senescence is currently regarded as the most feasible!*”!
[Figure 1] because the cell is the basic unit of an organism,
and life span is maintained by cell division.*"] However,
the division and passage of cells are limited, which is
mainly attributed to telomere shortening, which occurs
slightly every time a cell divides. When telomeres are
shortened such that they are incapable of maintaining
DNA replication and chromosome stability, cell senes-
cence and aging-related diseases are induced.** Undif-
ferentiated SCs can differentiate into various cells and
have been shown to be capable of treating aging-related
diseases. Therefore, physiological and pathological aging
can be slowed or even reversed to some extent.

Overview of SCs

SCs are undifferentiated cells with self-renewal ability and
multidirectional differentiation potential. They have the
potential to regenerate various cells, tissues, or organs in
the body and are the origin of all klnds of cells, tissues,
and organs.®¥ In recent years, SC therapy has become
a promising subject of advanced scientific research.
Currently, embryonic SCs (ESCs), induced pluripotent
SCs (iPSCs), and adult SCs (ASCs) are being researched in
the laboratory [Figure 2].
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ESCs and ASCs are classified according to the develop-
mental stage and have different sources and different
proliferation and differentiation potentials. ESCs, undif-
ferentiated cells from the inner cell mass in the blastocyst
with high differentiation potential, are totipotent SCs that
can differentiate into any type of cell in the body, form
tissues and organs, and eventually develop into complete
individuals. ASCs can be isolated from various human
tissues and organs, such as bone marrow, adipose tissue,
umbilical cord blood, and placenta. Compared with ESCs,
they have a lower differentiation potential and can
differentiate into only several or even one type of cell in
the body, Wthh are called pluripotent and unipotent SCs,
respectively.**! The discovery of iPSCs in 2006 provided a
new idea for cell therapy. These cells play a key role in tissue
regeneration and repair. ASCs differentiate into adipocytes,
osteoblasts, chondrocytes, hepatocytes, nerve cells, and
other downstream SCs to replace or repair aging damaged
cells and thereb;r achieve a balance between cell regenera-
tion and aging.!**! iPSCs are more powerful than ASCs and
can differentiate into almost any cell type in the body.

SC research in the field of reversing aging

Global aging is accelerating, and developing a reasonable
solution to the social pressure brought about by aging is a
difficult problem for not only China but also the world. At
the same time, people’s quality of life is improving daily,
and the desire to be healthy and young has become a
common goal. The emergence of SC therapy brings hope
for solving these problems. Aureus Paracelsus, a Filipino
scholar, proposed cell therapy in the 16th century. In
1930, a Swiss scholar rejuvenated skin by injecting livin ng
cells and became known as the “father of cell therapy.”!?
SC therapy has attracted substantial attention in the field
of cell therapy and regeneration in recent years. After years
of exploration, scientists have made remarkable achieve-
ments in anti-aging research with SCs. In 1999, Science
placed SC research at the top of the 10 most important
research fields in the 21st century. In the current research,
neural SCs (NSCs), bone marrow mesenchymal SCs
(BMSCs), umbilical cord mesenchymal SCs (UCMSCs),
adipose SCs, ESCs, and human iPSCs are the most closely
related anti-aging agents and exert direct (cell replace-
ment) and indirect (paracrine) effects. To date, these SCs
have been reported to be used in research on autoimmune
diseases, nervous system diseases, blood system diseases,
cardiovascular system diseases, and other diseases.>”!

ESCs

ESCs have the ability to differentiate into any cell type in
the body. Since mouse ESCs were first reported in 1981,
ESCs have been studied in different animal models. ESCs,
undifferentiated cells in the early stage of embryonic
development, are derived from the inner cell mass of
blastocysts and obtained from redundant fertilized
embryos in vitro. ESCs have pluripotency and the ability
to differentiate into mesodermal, endodermal, and
ectodermal cells.!*

Mesodermal cells such as endothelial cells, cardiomyo-
cytes, and hematopoietic cells have been obtained from
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Table 1: Research on SCs in aging-related diseases
Cell type Involvement Molecular targets Mode Cell dose Curative effect References
ESCs POF PI3K/AKT Mice with POF 2 % 107 cells/injection Improvement in ovarian function ]
HF Unknown Rats with Unknown Improvement in ventricular tel
ischemia-reperfusion function postinfarction
injury
iPSCs Skin defects RA, BMP-4, EGF Nude mice with 1% 10° cells/cm?® Reconstruction of skin and skin 7]
full-thickness appendages
skin defects
Diabetes Unknown NOD/SCID mice 4% 10° cells/mouse Lower blood glucose levels in (8]
with diabetes diabetic mice and detection of
islet-like structures in vivo
IBD Unknown Mice with IBD 1 x 10° iPSCs/injection  IPSCs stimulated the proliferation 19
(3 injections) of intestinal epithelial cells and
increased intestinal angiogenesis
NSCs AD Wnt/B-catenin; RA Mice with AD 2.5 x 10° cells/mouse NEP-NSCs; MOF-NSCs (improve o1
AB clearance, cell survival, and
neural regeneration)
PD Stromal cell-derived Rats with PD 7.5 x 10° cells/rat; Increase in the number of 121
factor-1/CXCR4 3 x 10° cells/site dopaminergic neurons
(2 sites)
Stroke Wnt Mice with stroke 3 % 10° cells/rat Function improvement 13l
SCI Notch Patients with SCI 2 % 10° cells/injection Safety (phase I clinical trial) 14131
(6 injections);
1% 10° cells/site
(4 sites)

MS BDNF, FGF Mice with EAE 10° cells Reversal of EAE clinical symptoms el
and repair of CNS damage

ALS Unknown Patients with ALS 7.5 x 10° cells/injection  Safety (phase I clinical trial) 171

BMSCs SMI Unknown Mice with muscle various doses Locally injected BMSCs directly 18l
contusions (1.25 x 10° cells, participate in myofiber
2.5 x10° cells, regeneration in the injured
1.25 % 10° muscle tissue
cells plus
F-127)

Fractures miR-140-5p Mice with fractures Unknown miR-140-5p increased the 19
expression of osteocalcin, and
miR-140-5p transgenic mice
exhibited increased bone mineral
density, bone mass, and bone
healing

UCMSCs  POF JNK/Bcl-2 Mice with POF 1 x 10° cells HO-1 expressed in UCMSCs help 1201
recover ovarian function in mice
with POF
MS Unknown Patients with MS 2 % 10° cells/day Positive health changes and 121
(7 days) improved quality of life
COVID-19 Unknown Patients with 15 mL ExoFlo™ Achieved a survival rate of 83%, 1221
COVID-19 71% of the patients recovered;
13% remained critically ill
although stable; 16% died for
reasons unrelated to the
treatment
IBD ERK Mice with IBD 3 x 10° cells/day UCMSCs effectively reduce colon (231
(3 days) shortening and intestinal
mucosal injury
ADMSCs  Ovarian Unknown Mice with ovarian 5% 10* cells ADMSC transplantation improved (241
autografting autografting endocrine function in the
autografted ovary
DN miR-486/Smad1/ Mice with Unknown The delivery of miR-486 by ADSC- 129!
mTOR spontaneous Exos could promote podocyte
diabetes functioning by activating
autophagy and ameliorating cell
damage in high glucose-induced
MPCS cells and DN mice
DPSCs CA Unknown Rats with CA 3% 10° cells Amelioration of motor 1261
coordination, increased
cerebellar volumes of molecular
and granular layers as well as
white matter, and reduced levels
of inflammatory cytokines
T™]J STAT1 Mice with TM] 2 % 10° cells/joint DPSCs attenuate the pathological 1271

changes in experimental subjects
with progressive TM] arthritis

AD: Alzheimer’s disease; ADMSCs: Adipose-derived mesenchymal stem cells; ALS: Amyotrophic lateral sclerosis; BMP: Bone morphogenetic protein;
BMSCs: Bone marrow mesenchymal SCs; CA: Cerebellar ataxias; DN: Diabetic nephropathy; DPSCs: Dental pulp stem cells; EAE mice: Experimental
autoimmune encephalomyelitis mouse model; ESCs: Embryonic SCs; ExoFlo™: BMSC-derived exosomes; HF: Heart failure; IBD: Inflammatory
bowel disease; iPSCs: Induced pluripotent SCs; MS: Multiple sclerosis; NOD/SCID: Non-obese diabetic-severe combined immunodeficiency; NSCs:
Neural SCs; PD: Parkinson’s disease; PI3K: Phosphatidylinositol 3-kinase; POF: Premature ovarian failure; SCI: Spinal cord injury; SCs: Stem cells;
SMI: Skeletal muscle injuries; TMJ: Temporomandibular joint injuries; UCMSCs: Umbilical cord mesenchymal SCs.
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Figure 1: Telomere shortening, DNA mutations, mitochondrial dysfunction, somatic and mitochondrial DNA mutations, epigenetic alterations, impairment of proteostasis, aberrant
intracellular communication, immunosenescence, etc., reduce the numbers of somatic cells and SCs under the conditions of limited cell division, disruption of cell homeostasis, and
senescence and disease induction. SC therapies represent a new strategy for the treatment of aging-related diseases. SCs: Stem cells.

ESCs by coculture with growth factors. In 2018, a clinical
trial on the transplantation of human ESC (hESC)-derived
cardiovascular progenitors for severe ischemia was
reported, and patients were followed up for 18 months.
Among the six patients, one patient died due to treatment-
unrelated comorbidities, and all others had uneventful
recoveries.|® In addition, the cardiac differentiation of ESCs
can give rise to de novo chamber cardiomyocytes and nodal
pacemaker cells. More importantly, researchers have
recently discovered a key signaling pathway that exists in
the differentiation of ESCs into cardiomyocyte subpopu-
lations.!*®! The discovery of the Wnt signaling pathway in
the cardiac pacemaker cell population provides a new
strategy for cell replacement therapy in patients with heart
diseases. ESCs are currently being extensively researched in
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the context of cardiovascular diseases, and numerous
clinical trials have been completed. In addition to
cardiovascular diseases, premature ovarian failure (POF)
has a great impact on female reproductive function. Liu
et al®! studied the therapeutic effect of ESC-derived small
extracellular vesicles on damaged ovaries and explored
the underlying molecular mechanism. In this section, the
latest research on the roles of ESCs in disease over the
past 3 years is summarized. Studies on nervous system
diseases, eye diseases, and other diseases were reported as
early as a few years ago. Theoretically, ESCs are the most
promising strategy for the treatment of clinical diseases.
However, SC transplantation requires a highly purified cell
population of a specific cell lineage, and ESC technology
remains immature and clinically limited by ethical concerns.
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Figure 2: Three types of SCs (ESCs, ASCs, and iPSCs). SCs commonly used in the laboratory and their differentiation characteristics. ASCs: Adult SCs; ESCs: Embryonic SCs; iPSCs:

Induced pluripotent SCs; SCs: Stem cells.

These problems make the feasibility of hESC therapy
uncertain,!*°

IPSCs

iPSCs were established in 2006 when Takahashi and
Yamanaka!*!! reprogrammed mouse fibroblasts into a
pluripotent state with four specific SC transcription factors
(Oct4, Sox2,Klf4, and c-Myc). These cells, called iPSCs, are
a turning point in SC therapy. A year later, the technology
was successfully applied in human cell experiments. In
2007, research teams in the United States and Japan
reported the successful induction of human cells into iPSCs,
which was ranked as one of the top 10 scientific and
technological advances in the world by Science.!**!

Since the discovery of iPSCs that have the potential to
differentiate into a broad spectrum of cell types, many
studies have reported that iPSCs can be used as a good
disease model for research. The emergence of iPSCs has
provided a new strategy for SC research, as they can be
used for research on embryogenesis, disease modeling,
drug experiments, and regenerative medicine. Skin
wounds affect the quality of life, and new strategies for
wound treatment are being developed. SC-based thera-
peutic strategies have been proposed to treat these
wounds. Human urinary cells isolated from a healthy
donor were reprogrammed into iPSCs by Zhou ez al'” and
then induced into epithelial SCs (EpSCs). Human acellular
amniotic membranes (HAAMs) were used as a biological
scaffold, and HAAMSs combined with iPSC-derived EpSCs
were transplanted onto defective skin on mice. The iPSC-
derived EpSCs were identified as potential candidates for
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the reparation of skin defects and the recovery of skin
functions. Therefore, iPSCs have considerable potential
for improving the rate and quality of wound healing and
regenerating the skin. Further research on the combina-
tion of iPSCs with other biomaterials will promote further
technological advances. iPSCs have also been used in the
treatment of diabetes, enteritis, and nervous system
diseases, among others, and have achieved good results
[Table 1].

As a type of artificial pluripotent SC, iPSCs have a
utilization value similar to that of ESCs. The emergence of
iPSC technology has good prospects in many medical
fields, as the derived organoids have substantially
advanced the development of disease models, and the
possibilities in the field of organ replacement therapy are
unlimited. Unlike ESCs, the obtainment of iPSCs does not
require the destruction of embryos, thereby eliminating a
substantial ethical barrier. iPSCs can utilize a patient’s
own cells, which provides a rich source and high immune
compatlblhty for cell therapy and avoids the risk of
immune rejection.!*?! Although iPSCs have numerous
advantages, as a new technology in the research stage,
many safety concerns remain. It is believed that further
research will result in the wide use of iPSCs in the
treatment of clinical diseases.

ASCs

Compared with those of ESCs and iPSCs, the differentia-
tion potential of ASCs is limited, but their relatively easy-
to-obtain source makes the use of ASCs in medical
research and clinical treatment more feasible.
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NSCs

Aging has a profound and devastating effect on the brain,
and the prevalence of neurodegenerative disorders is
1ncreasmg 25 the human lifespan continues to be
expanded.'**! However, most inherited neurodegenerative
disorders are 1ncurable and palliative treatment is often
the only option available, which undoubtedly has heavy
societal and familial burdens. NSCs play a unique role in
neural regeneration and can dlfferentlate into neurons,
astrocytes, or oligodendrocytes.*’! Increasing evidence
suggests that NSC transplantation is a promising tool for
the treatment of nervous system diseases. Due to the high
complexity of Alzheimer’s disease (AD) pathogenesis, AD
remains incurable, and existing treatments can only
moderately relieve the symptoms.*®! An increasing
number of researchers are using NSCs and bioengineering
in combination to further develop new strategies for NSC
treatment. Recently, Huang et all'®! reported for the first
time that nanoformulation-mediated NSC therapy simul-
taneously improved the A clearance, cell survival, and
neural regeneration in a mouse model of AD. Parkinson’s
disease (PD) is the second most common neurodegenera-
tive disease that is characterlzed by the progressive death
of dopamine neurons,*”! and there are currently numer-
ous treatment methods for PD. Like those for AD,
treatments typically lead to the relief of symptoms but lose
their Fotency as the disease progresses. In a recent
study,!*8! researchers yielded organoids resembling the
developing midbrain by inducing the differentiation of
human pluripotent stem cells (hPSCs) in 3D and isolated
and cultured NSCs for the treatment of rats with PD. They
successfully demonstrated the potent therapeutic potential
of organoid-based methods for not only central nervous
system (CNS) disorders but also extra-CNS disorders.

In addition, NSCs are widely used in the study of other
nervous system diseases, such as stroke, spinal cord injury,
multiple sclerosis (MS), and amyotrophic lateral sclerosis
(ALS) [Table 1]. Although no NSC-based treatment
strategies have been approved for routine clinical treatment,
clinical studies have been performed on all the above-
mentioned diseases, and the results of the completed clinical
studies suggest that NSC treatment is safe and well-
tolerated. Given the highly complex pathobiologies of
neurodegenerative disorders, they remain incurable. How-
ever, therapies involving the combination of NSCs and
bioscaffolds/biomaterials continue to be developed and will
eventually lead to a new breakthrough in NSC research.

BMSCs

BMSCs are ASCs present in bone marrow tissue that was
discovered early. Similar to other SCs, BMSCs have the
potential for self-renewal, proliferation, and multidirec-
tional differentiation. In addition to the characteristics of
SCs, BMSCs also have the characteristics of stromal cells,
which can secrete various cytokines, play roles in immune
regulation and chemotaxis, and support hematopoiesis in
damaged areas.[*’!

Numerous animal experiments have sug%ested that
BMSCs can delay or reverse aging. Zhou et al*®! injected
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BMSCs from young mice into old mice, and the aging of
the spleen and the transcription of some genes related to
SCs in old mice were partially or completely reversed.
According to the database of the U.S. Library of Medicine,
most of the 759 registered studies on BMSCs have
completed phase I and phase II clinical trials. Studies
investigating the treatment of cardiovascular diseases,
acute leukemia, rheumatoid arthritis, and diabetes have
completed phase III/IV clinical trials.*”! A phase I clinical
trial on the use of autologous BMSCs indicated that
BMSCs were safe and feasible for the treatment of ALS, as
no adverse reactions were observed, and symptoms were
improved after treatment.!®!! BMSCs have also shown
potential in the treatment of other diseases [Table 1], but
most studies utilized mouse models; because differences
exist between mice and humans, more studies utilizing
primate models are needed.

Although BMSCs have always been a popular type of ASC
and are considered to be a good source of mesenchymal
SCs (MSCs) for the treatment of various diseases, there are
limitations related to the acquisition and clinical applica-
tion of BMSCs, which are easily affected by health status
and aging. Most studies have shown that the number and
differentiation ability of BMSCs decrease with age, that
the process of bone marrow puncture is very palnful and
that the content of SCs in bone marrow is very low.**! To
some extent, their clinical application is limited. BMSC
transplantation has also been reported to be associated
with the risk of tumor formation, but this phenomenon
remains controversial.

UCMSCs

UCMSCs can be obtained from different structural
components of the umbilical cord, such as umbilical cord
blood, umbilical cord Wharton’s jelly (UCW]), and
perivascular tissue of the umbilical cord. In current
clinical research, UCMSCs derived from cord blood and
UCW]J are the most widely used.”?! Compared with
BMSCs, UCMSCs have stronger self-renewal and prolif-
eration capabilities and rich sources and can differentiate
into different cell lineages.

UCMSCs exert anti-aging effects by regenerating and
repairing aging cells, tissues, and organs. An experiment
on the use of UCMSCs as a treatment for POF showed that
UCMSCs express the HO-1 gene, which can activate
autophagy regulated by the JNK/Bcl-2 signaling pathway
and upregulate the CD8"CD28™ T cell cycle, thereby
restoring ovarian function in mice with POF.*3! The
autophagy system generates new building blocks and
energy for cellular renovation and bodily homeostasis,
and the study of molecular mechanisms has substantially
contributed to the development of targeted therapies for
human diseases. Lanzoni et al**! conducted an early safety
assessment of UCMSCs for the treatment of COVID-19.
Twenty-four eligible COVID-19 patients were treated in a
double-blind controlled trial; the survival rate of patients
treated with UCMSCs was significantly higher than that of
patients in the conventional treatment group, and
UCMSCs were deemed to be safe for the treatment of
this disease. Cumulative studies have also investigated the
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use of UCMSCs in some systemic diseases and local
pathological injuries, such as nervous system, immune
system, cardlovascular system, kidney, liver, lung, and
skin injuries.®*" In many studies, UCMSCs have been
combined with biomaterials and scaffolds for treatment,
and biomaterials and stents can feasibly enhance the
efficacy of SC treatments.

UCMSCs are characterized by faster self-renewal and
proliferation, having a wider range of sources and easier
access, and having better advantages than other types of
SCs. After delivery, the umbilical cord is usually discarded
as medical waste. The isolation and extraction of MSCs
from the umbilical cord not only turn waste into treasure
but also cause no pain for the donor. The cells obtained by
this process are characterized by stable proliferation and
long-term storage, low immunogenicity, low incidence of
graft-versus-host disease, low risk of viral transmlsswn
lack of tumorigenicity, and no ethical controversy.>! Asa
star cell type of the SC family, UCMSCs have been
investigated in clinical research studies and have applica-
tions in many fields.

Adipose-derived mesenchymal stem cells

Adipose tissue is an endocrine organ derived from the
mesoderm during embryonic development. Adipose-
derived mesenchymal stem cells (ADMSCs) are ASCs
abundant in adipose tissue that can differentiate into other
mesodermal tissue tﬁ)es, including bone, cartilage, muscle,
and adipose tissue.°? The paracrine effect of ADMSCs is
particularly significant, as they can secrete various cell
growth factors and chemokines, thus promoting angiogen-
esis, stimulating the activation of endogenous SCs, reigulat-
ing inflammation, and promoting wound healing.®

In terms of anti-aging effects, the efficacy of ADMSCs in
aging skin has been proven. ADMSCs can differentiate
into keratinocytes dermal fibroblasts, and other skin cells
to repair damaged and apoptotic cells or stimulate cell
regeneration through paracrine action."””! These processes
can improve various skin defects, such as wrinkles, skin
thickness, skin whitening, and ultraviolet-induced skin
injury. An animal study examined the effect of ADMSC
transplantation at the site of autologous ovarian trans-
plantation in mice, revealing that the transplantation of
ADMSCs enhanced the structure and function of trans-
planted ovaries.** ADMSCs secrete various cytokines,
which can stimulate hair follicles and promote hair
regeneration. Some researchers have treated patients with
alopecia by injecting proteins secreted by adipose SCs
(ADSCs-CM), thereby improving the hairlines of most
patients and increasing the amount of hair.*®! However,
the clinical use of ADMSCs to stimulate hair follicles in the
treatment of alopecia is ineffective, and the specific
molecular mechanism is not clear. The field of ADMSC
research is application-driven. Although many studies
have investigated ADMSCs, basic research lags behind
their clinical application, which seriously hinders their
safe and efficient application.

In 2001, SCs in adipose tissue were reported for the
first time. Adipose tissue is one of the largest tissue types in
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the human body, and inguinal subcutaneous adipose
tissue is usually an important source of the material. An
increasing number of obese people are undergoing
liposuction for weight loss, and excess adipose tissue is
often discarded. Research materials containing ADMSCs
for regenerative medicine treatment are easier to obtain
than BMSCs and are not associated with the same ethical
problems as ESCs. Numerous related studies have
confirmed that ADMSCs have weak immunogenicity
and express histocompatibility complex molecules at low
levels; moreover, their proliferation iz vitro is difficult,
which limits their clinical application.

Dental pulp stem cells

The dental pulp is a type of oral tissue located in the central
pulp cavity of each tooth. Dental pulp stem cells (DPSCs) are
SCs isolated from dental pulp tissue that can be obtained
from deciduous or extracted teeth. At present, the most
commonly used teeth are extracted from caries-free teeth
mainly the third molars. In 2000, Gronthos et all® 601
reported for the first time the isolation of DPSCs from
the pulp tissue of the third molar. DPSCs are ectoderm-
derived SCs that have the characteristics of MSCs. Under
suitable culture conditions, DPSCs have the potential to
differentiate into odontoblasts, chondrocytes, adipocytes,
and nerve- like cells.!®" Based on studies on the functional
characterization and mechanism of DPSCs, attempts to
regenerate dental pulp tissue by DPSCs have been widely
performed in preclinical studies. Xuan et al'** showed that
dental pulp with an odontoblast layer, blood vessels, and
nerves could be regenerated in animal models by the
implantation of autologous DPSCs, and they further verified
this phenomenon in a clinical trial. Research has shown that
human DPSCs can be used to regenerate complete dental
pulp tissue and may be used to treat tooth injuries caused by
trauma. All of the results from their animal experiments and
clinical trial support the hypothesis that DPSCs can
regenerate dental pulp and have led to breakthroughs in
the study of dental pulp regeneration.

DPSCs also have potential in the field of regenerative
medicine and have been used in the study of skin
pancreas, and heart tissues, among others. Li et al'®® 63]
studied the effects of DPSCs on skin senescence and
cultured fibroblasts with a DPSC-conditioned medium,
concluding that DPSCs had an anti-aging effect on
fibroblasts. DPSCs represent a promising new therapeutic
method, as they have numerous sources and are easy to
obtain; however, research remains in the exploratory
stage, and many challenges remain.

Role of SC exosomes in reversing aging

Definition and characteristics of exosomes

Exosomes are double-layered model vesicles ranging in
diameter from 30 to 1150 nm that are released by nearly
all types of living cells and carry cargo, such as proteins,
nucleic acids, cytokines, and lipids based on the cell
origin.!** Exosomes play roles in intercellular communi-
cation (signal transmission), intracellular metabolite
clearance, and the immune response.
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Research on the application of stem cells exosomes

SCs are commonly used as a cellular therapy source due to
their strong immunosuppressive and regenerative effects.
This article has discussed several types of SCs that are most
closely related to the reversal of aging. SCs were previously
proposed to exert their therapeutic effect by migrating to
sites of damage, engrafting, and interacting with other cells
after infusion. Recent investigations have demonstrated
that the treatment mechanism of SCs is not associated with
their differentiation ability but rather pr1nc1;)ally orches-
trated by the secretion of paracrine factors.!®

Since the discovery of exosomes, an increasing number of
researchers have turned their attention to the development
of SC-derived exosomes. Tatullo!®®! reviewed the applica-
tion of exosomes from human periapical cyst-MSCs in
the treatment of PD, which provided a new idea for the
treatment of PD. Intravenously injected SCs have frequently
exhibited therapeutic activity in numerous animal models,
but the majority of SCs do not significantly home to sites
of injury; thus, more research is needed on the mechanism
of SC therapy. Recently, researchers assessed the ability of
exosomes secreted from MSCs (MSC-exos) to treat MS
using an experimental autoimmune encephalomyelitis
(EAE) mouse model, and the results suggested that MSC-
exos ameliorated EAE.!®”! Therefore, we believe that stem
cells exosomes (SC-exos) are a mechanism by which SCs
contribute to tissue regeneration at distant sites.

Increasing evidence supports that SC-exos are the main
mechanism of SC therapy. In addition, SC-exos with low
immunogenicity are incapable of directly forming tumors
and have diminished safety risks regarding the adminis-
tration of live cells.!®® Therefore, exosome transplanta-
tion overcomes the limitations of SCs and has a more
obvious application advantage. As of September 19, 2021,
110 registered clinical studies on the use of exosome
treatment for diseases were found on the clinicaltrials.gov
website.

Exosomes are currently the biggest hot spot in precision
and transformation medicinal research, and strategies
involving exosomes are being developed at an astonishing
speed.

Conclusion

At present, SCs have become the top priority for cell
biology and even whole-life science researchers. As a
natural law of human life, aging occurs slowly over time,
and the risk of age-related diseases gradually increases.
The possibilities provided by the continuous enhancement
of SC research are unlimited, and SC therapy appears to be
an ideal medical strategy. Thus far, a substantial amount
of research has been performed on SCs. Based on the
biological characteristics of SCs, they are theoretically
expected to be used in the clinical treatment of various
diseases and to delay human aging.

Although studies on SCs have shown broad application
prospects in the field of cell therapy and regenerative
medicine, many challenges remain. First, research on the
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mechanism of SCs is insufficient; for example, basic
research on ADSCs lags behind their clinical application,
and apoptosis may occur after SC transplantation.
Second, the source and application of ESCs are still subject
to legal and ethical restrictions. Third, tumorigenicity (eg,
iPSCs) may increase the expression of oncogenes upon the
reprogramming of cells. Fourth, immune rejection remains
a major obstacle to SC transplantatlon[ 7%l Therefore,
extensive research still needs to be performed before SC
therapies can be widely used in the clinic as a mature
technology.

Even so, based on the understanding of the biological
characteristics of several types of SCs presented herein, iPSC
technology will be the focus of SC developmental strategies
in the future. UCMSCs have low immunogenicity, a strong
proliferation ability, and a wide range of donors; moreover,
they are easy to harvest, are not damaging to donors, are
limited by no ethical restrictions, and have broad prospectsin
the field of cell therapy and regeneration. SC therapies are
thought to be useful for counteracting the traditional concept
of aging, and although many challenges remain, SC therapies
are projected to move from the experimental research stage
to practical clinical applications upon the development of
biotechnologies and more extensive research.
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