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ABSTRACT

Improvement of the human habitat has led to an increase in average life expectancy. Long life goes hand in hand with old age,
which reduces the quality of human life and it is an acute social problem. Thus, the search for approaches that can improve the
quality of life, the ability to live it without age-related diseases is an extremely urgent task. Aging of the body begins with the
aging of cells, in which the activation of the aging process occurs through the induction of specific signaling pathways, which
irreversibly divides the life of any cell into “before and after”. Aging cells are able to influence their microenvironment, secreting
more inflammatory signaling molecules and inducing pathological changes in neighboring cells. The accumulation and long-
term preservation of aged cells lead to deterioration of the condition of tissues and organs, and ultimately to a decrease in the
quality of life and an increased risk of death. Among the most promising approaches to the correction of aging and age-related
diseases are pharmacological, gene and cell therapy. Increasing the expression of aging suppressor genes, using certain
populations of native and genetically modified cells, as well as senolytic drugs can help delay aging and associated diseases for
a more distant future. This review examines currently studied approaches and achievements in the field of anti-aging therapy,
in particular gene therapy using adeno-associated vectors and approaches based on cell therapy.
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AHHOTALUA

YnyyLieHue cpeabl 06UTaHUA YenoBeKa NPUBENO K YBENMYEHUIO CPeHel NPOLOMIKUTENBHOCTY KU3HU. [IMHHASA XU3Hb UOET
PyKa 06 pyKy CO CTapoCTbi0, KOTOpasi CHUXAET KayeCTBO YKM3HMW YenoBeKa WU NpeacTaBnseT coboii 0cTpylo coumanbHyro npo-
6nemy. TakuM 06pa3oM, MOMCKM NOAXOL0B, KOTOPbIE CMOCOBHbI YNYYLLMTL Ka4ECTBO XW3HU, BO3MOXKHOCTb MPOXKUTL €€ be3 Bo3-
pacTHbIx 3aboneBaHuii NpeacTaBnseT coboii KpaitHe aKTyanbHyto 3afiady. CTapeHue opraHn3Ma HauMHAETCs CO CTapeHNs KITETOK,
B KOTOPbIX NPOMCXOAMT aKTMBALMA NPOLIECCa CTapeHUA Yepe3 MHAYKLMIO CeLMdUUecKuX CUrHabHbIX MyTel, YTo HeobpaTMMo
LLeNNT XU3Hb NI060M KNETKM Ha «Z0 U nocnex. CTapetoLume KIeTKM CNocoBHbI BIMATL Ha CBOE MUKPOOKPYXKEHWE, CEKpeTUpys
6onbLUe BOCMaNMTENbHbIX CUrHAMbHBIX MOIEKYN U MHAYLIMPYS NaToNoruyeckue U3MeHeHUsl B COCEAHMX KieTkax. Hakonnenue
W ANUTENbHOE COXpaHEHWe MOCTApEBLUMX KIETOK MPUBOAST K YXYLALIEHWIO COCTOSHUA TKaHel U OpraHoB, a B KOHEYHOM UTOre
K CHV)KEHMIO Ka4YeCTBa JKM3HM 1 MOBBILLEHUIO pUcKa cMepTu. Cpeau Hanbonee NepcreKTUBHbBIX MOAX0A0B K KOPPEKLMK CTapeHus
1 BO3pacTHbIX 3aboneBaHnin — dapMaKonoruyeckas, reHHas v KinetoyHas Tepanms. MoBbiLeHWe 3KCMPeccuu reHoB-cynpec-
COpOB CTapeHus, UCMO/b30BaH1e OMPeAeNEHHbIX NMONYNALMIA HATUBHBIX U FeHETUYECKU-MOAM(ULIMPOBAHHBIX KIIETOK, a TaKKe
CEHONMUTMYECKUX NpenapaToB CnocobHO NOMoYb OTCPOUMTL CTApeHMe U CBA3aHHbIe C HUM 3ab0neBaHMs Ha bonee OTLaNEHHYH
nepcneKTuBY. B npecTaBneHHoM 0630pe paccMOTpeHbl UCCenyeMble Ha CerofHALLHMIA ieHb NoAX0Abl U JOCTUXKEHUS B 0bna-
CTW @HTUBO3PACTHOMN Tepanui, B YaCTHOCTU FreHHasi Tepanus ¢ UCMoJb30BaHUEM afleHOaCCOLMMPOBAHHBIX BEKTOPOB U MOLXOAbI,
OCHOBaHHbIE Ha KETOYHOM Tepanuu.

KnioueBble cnopa: CTapeHue; CeHONMUTUK; CEHECLEHTHbIE KJIETKW; aHTUBO3PaCTHaA TepanuA; KNeToyHaa Ttepanus; reHHasa
TepanuA.
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INTRODUCTION

Population aging is a serious societal problem, especial-
ly in developed countries where the proportion of elderly
people is increasing annually [1]. The idea, which was first
proposed by Peter Medawar and later embodied in the anta-
gonistic pleiotropy hypothesis of American evolutionary bio-
logist George Williams in 1957, remains popular and main-
ly explains the evolution of aging [2]. From the perspective
of classical medicine and common logic, aging is a dege-
nerative, progressive process that leads to tissue dysfunction
and death [3]. The signs of aging that manifest at the cellular
and molecular level are common to all organisms and include
genomic instability, telomere attrition, mitochondrial dysfunc-
tion, epigenetic noise, and stem cell depletion and dysfunc-
tion (Figure 1) [4].

Senescent cells can be eliminated by the immune system
under physiological conditions, promoting processes such
as tumor suppression, embryogenesis, differentiation, and
wound healing [5]. Currently, targeted aging of cells in malig-
nant neoplasms is under investigation; the removal of uncon-
trolled tumor cells from tissues through their controlled ag-
ing and subsequent apoptosis may become the key to cancer
treatment [6].

The promising approaches to rejuvenate the body include
gene and cell therapies combined with pharmacological in-
terventions aimed at rejuvenating senescent cells, eliminating
senescent dysfunctional cells, and blocking signaling path-
ways involved in cellular aging.

Kazan Medical Journal 2024, Vol. 105, No. 6

This review focuses on gene therapies based on recombi-
nant adeno-associated viruses (AAVs) and drug and cell the-
rapies.

USE OF SENOLYTIC AGENTS

Senolytic agents eliminate senescent cells, which are cells
that can no longer function but continue to exist and nega-
tively affect surrounding healthy cells. Senolytic research is
aimed at discovering substances that can induce apoptosis
(programmed death) of senescent cells, thereby preventing
their negative effects on healthy cells and tissues.

Over 46 potentially senolytic compounds that target an-
ti-apoptotic pathways in senescent cells have been identi-
fied, including the SRC tyrosine kinase inhibitor dasatinib,
which has been approved and widely used since 2006, and
the natural flavonoids quercetin and fisetin [7]. These agents
are first-generation senolytics and act on various molecu-
lar targets and signaling pathways, such as tyrosine kinase
receptors, growth factors, ephrin B1, SRC family kinases,
phosphoinositide 3-kinase (PI3K) /protein kinase B (AKT)
signaling pathway, heat shock protein 90 (HSP-90), mem-
bers of the BCL-2 family (apoptosis regulators), caspases,
and p53 [8].

Dasatinib, a well-known senolytic agent, which was ori-
ginally developed to treat leukemia, has been shown to be ef-
fective in killing senescent cells. Type 2 diabetes mellitus is
known to be an age-related disease, and insulin resistance
accelerates beta cell aging [9]. Senolysis of p21Migh cells in
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Fig. 1. General scheme of the cell aging pathway. The impact of a number of factors triggers the activation of the p16 and p53—p21 signaling
pathways, which leads to complete aging of the cell, which can be completed by the elimination of the cell from the tissue by the immune
system or by long-term preservation of the pathologically functioning cell and its pathological effect on the microenvironment in the tissue
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human fat ex vivo xenografted into immunodeficient mice
using a cocktail of dasatinib + quercetin reduces insulin re-
sistance [10].

In addition, to dasatinib and quercetin, other agents have
great potential, and some of them are antitumor agents. For
example, rapamycin (sirolimus) and its analogs (i.e., everoli-
mus, temsirolimus, and deforolimus) bind the FKBP12 cyto-
solic protein and inhibit the mammalian target of rapamycin
(mTOR) complex 1, thereby reducing malignant neoplasm in-
cidence in patients after transplantation [11].

mTOR is a serine/threonine kinase that is crucial in
the regulation of cellular metabolism and growth by phos-
phorylating various substrates in response to growth factors,
stress, nutrient availability, and other stimuli [12]. Therefore,
targeting the mTOR pathway is a promising way to slow aging.
Adding the FOXO04-related peptide to senescent human IMR-
90 fibroblasts reduces their viability more than 10-fold com-
pared to non-senescent IMR-90 fibroblasts or other cell types.

The mechanism of action of the FOX04-related peptide is
characterized by preventing the binding of the transcription
factor FOX04 and p53 in the nucleus, which leads to the re-
lease of the p53 protein into the cytosol and initiation of cas-
pase-dependent apoptosis of aging cells [13].

Hsp90 is a cytoplasmic protein that prevents AKT protea-
somal degradation and promotes tumor cell survival. Hsp90
inhibitors are being actively investigated as therapeutic agents
for malignant neoplasm treatment [14]. In addition, to antitu-
mor activity, Hsp90 inhibitors such as geldanamycin induce
senolytic activity against senescent cells [15]. However, fur-
ther research is required to find the most effective combina-
tions and test their safety in humans before these agents can
be widely used in clinical practice.

Table 1 lists the most common senolytic agents.

CELL AND GENE/CELL THERAPY

Cell therapy is a promising approach in treating age-related
diseases. It involves the use of the regenerative and immuno-
modulatory properties of cells to restore tissue and functions
and improve well-being. However, in antiaging cell therapy,
some specific aspects should be considered when selecting
a treatment strategy.

Notably, the ability of tissues to regenerate decreases
with age. A study showed that when bone marrow-derived
cells were used, young recipients showed statistically bet-
ter skin healing than older recipients [31]. This characteristic
manifests at the level of individual organs. Another study re-
ported that in adult recipients, young donor kidneys demon-
strate better engraftment and lower rejection risk than older
ones [32]. Moreover, organs from older donors had a negative
effect on recipients, accelerating aging of their bodies [33].

Skin xenografts from elderly human donors transplan-
ted into young immunodeficient mice showed morphologi-
cal rejuvenation within 1 month of transplantation. However,
within the following year, skin rejuvenation regressed and
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the transplanted areas in the mice returned to their pretrans-
plant condition [34].

Data from transplantation studies are consistent with and
supported by in vitro studies. Co-culturing epithelial proge-
nitors isolated from aged mice with mesenchymal stem cells
(MSCs) or membrane vesicles isolated from MSCs of young
mice resulted in “old” epithelial progenitor rejuvenation [35].

Cardiosphere-derived cells, which are cardiac progenitor
cells from neonatal rat hearts, have been shown to repro-
duce the juvenile gene expression pattern when injected into
the hearts of aged animals. Furthermore, telomeres in heart
cells were longer in animals after transplantation of cells iso-
lated from cardiospheres [36].

Direct brain injection of cerebrospinal fluid from young mice
induced oligodendrocyte proliferation and long-term memory
consolidation in aged mice [37]. These data indicate that using
cells isolated from young donors or placing senescent cells in
an environment containing factors characteristic of a young
organism may be beneficial in achieving tissue rejuvenation.

The use of stem cells has proven to be effective owing
to their ability to differentiate into different types of cells and
regenerate or replace damaged tissues and organs [38]. For
example, adding MSCs to the standard therapy of the early
phase of acute severe pancreatitis in middle-aged patients
(i.e., approximately 44 years) allows a targeted and relative-
ly rapid action on abnormal homeostatic processes. It inhi-
bits toxic reactions, restores immune response, and improves
microcirculatory flow [39].

Positive results were obtained using bone marrow cells
expanded in vitro and injected into the defect site along with
biphasic calcium phosphate granules, which induced new
bone formation. Additionally, the volume of regenerated bone
was sufficient to place a dental implant in patients aged 52—
79 years with satisfactory esthetic and functional results and
no side effects (NCT02751125) [40].

Moreover, MSCs and adipose-derived stem cells are ef-
fective alternatives for reducing or slowing the aging process
of the face [41]. In a study, sirtuin-3-overexpressing MSCs im-
proved cardiac function in rats and increased vascular endo-
thelial growth factor A levels and vascular density [42]. Ho-
wever, despite the flexibility and safety of MSCs, their use in
the treatment of certain diseases, such as osteoarthritis, is
debatable [43].

The use of reprogrammed and genetically modified cells
is an option for cell therapy. Cellular reprogramming is aimed
at reversing cellular aging and restoring cellular function. For
instance, the use of induced pluripotent stem cells is a pro-
mising treatment option for age-related macular degenera-
tion with retinal pigment epithelium degeneration, which is
a leading cause of irreversible vision loss worldwide.

Some studies have proposed differentiated allogeneic-in-
duced pluripotent stem cells of the retinal pigment epithelium
as a treatment for this disease. Successful trials have been
performed in various animal models, including cynomolgus
macaques [44].
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Table 1. List of the most common pharmacological senolytic agents

Kazan Medical Journal 2024, Vol. 105, No. 6

Name Mechanism of action Used model Effect Reference
A-1155463 Selective BCL-XL SCID beige mice xenografted with Induces reversible thrombocyto- [16]
inhibitor Bcl-2/x|-dependent NCI-H146 lung penia in mice and inhibits growth
cancer cells of small cell lung cancer xeno-
grafts in vivo after repeated ad-
ministration
Gastric cancer cell lines (23132/87, A cytostatic effect on tumor cells [171
SNU216, NCI-N87, MKN1, AGS, HGCZ27,
and SNU719). Human multiple myelo-
ma cell lines MM1S, KMS12PE, and
KMS12BM
Glioblastoma multiforme cells (U251 A cytostatic effect on cells [18]
and SNB-19 lines)
Cardiac Na*/K*-ATPase in- PDX-immunodeficient NMRInu/nu mice  In vivo inhibition of tumors xeno- [19]
glycosides ducers of apoptosis  with xenografts of A549 (lung adeno- grafted in mice after treatment
carcinoma) and IMR90 (normal human
lung cells) cells
Curcumin Downregulation of T98G human neuroglial cell line Reduces OPRL1 gene expression [20]
the opioid nociceptin associated with pain syndromes
receptor gene OPRLT
Inhibition of the mi-  C57BL/6 mice and primary hepatocytes  Inhibits the MAPK signaling path- [21]
togen-activated pro-  isolated from the liver of C57BL/6 mice  way in the liver of aged mice and
tein kinase (MAPK)/ p38 signaling pathway in aged
nuclear transcription mice with diet-induced obesity
factor kB pathway Improves insulin homeostasis and
reduces body weight in aged mice
Dasatinib + Suppression of Human prostate cancer cells Inhibits adhesion, migration, and (22]
quercetin the effect of inhibi- invasion of prostate cancer cells at
tors of the SRC ki- low nanomolar concentrations
nase family
Fisetin Blocks the PI3K/ Ercc1-/Amice (3 model of human Provides tissue-specific reduction [23]
AKT/mTOR/p16INK4a  progeroid syndrome) and aged wild- of cellular aging in mouse adipose
signaling pathway type mice, human fibroblasts (IMR90)  tissue and human cells
FOXO4-related  Blocks the interac- Early and late passage of human chon-  Removes (eliminates) senescent [24]
peptide tion of the FOX04 drocytes cells in a late-passage chondro-
transcription factor cyte population in vitro
and p53, leading to
apoptosis
Luteolin mTOR pathway in- Human bladder cancer cell lines T24, Inhibits cell survival and induces [25]
hibitor 5637 (mutated p53), RT-4, and rat cell cycle arrest in the G2/M phase
bladder cancer cell line BC31 (mutat- and p21 activation in bladder can-
ed p53) in vitro/rat bladder cancer mo-  cer cells
del in vivo
Navitoclax BCL-2 inhibitor Human skin xenografted immunodefi- ~ Causes selective elimination of se- [26]
(formerly cient mice nescent dermal fibroblasts
ABT263)
Nutlin-3a E3 ubiquitin ligase Chemically induced mouse model of Provides senolytic effect and re- [27]
MDM2/p53 inhibitor  aging, Alu-induced geographic retinal ~ duces levels of aging markers,
atrophy model, and aged mice SASP components, and pigment
deposits of the fundus
Piperlongu- Extracellular sig- Senescent human fibroblast WI-38 Demonstrated moderate selectivity [28]
mine nal-regulated kinase  cell line in reducing the viability of ionizing

(ERK) 1/2 inhibitor

radiation-induced senescent fibro-
blasts of the WI-38 line
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Table 1 (continued).
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Rapamycin mTOR pathway in-
hibitor

Nrf2 KO mice in vitro

Tanespimycin Hsp90 inhibitor

Nrf2 KO fibroblasts (knockout for
the nuclear factor Nrf2) in vivo and

Isogenic BAX knockout model in hu-
man colon cancer cell line HCT116 in
vitro and in tumor xenografts in vivo

Reduces the induction of cellu- [29]
lar senescence in vitro by increa-

sing the levels of Nrf2, which acti-

vates autophagy. In mice, Nrf2 KO

reduces pro-inflammatory cyto-

kine levels in serum and adipose

tissue in vivo

Provides cytostatic antiprolifera- [30]
tive effect on tumor cells through
the inhibition of oncogenes

Note: ATP, adenosine triphosphate.

However, not all attempts to use these cells have been
successful. Aged rats injected with neural progenitor cells de-
rived from human-induced pluripotent stem cells at the site
of a chronic cervical spinal cord injury did not perform well in
behavioral tests. Additionally, high mortality rates were re-
ported during behavioral training (41.2%), after injury (63.2%),
and after cell injection (50%). Histological analysis showed
that the injected cells survived and were present at the trans-
plantation site and did not cause tumors, confirming their
safety [45].

GENE THERAPY USING RECOMBINANT
ADENO-ASSOCIATED VIRUSES

There are three major approaches to gene therapy for age-
related diseases: epigenetic modulation, genome editing,
and gene replacement therapy using viral vectors such as re-
combinant AAVs. Recombinant AAVs are small, non-enve-
loped viruses wherein the rep and cap genes are deleted and
the transgene of interest is inserted. Viral vectors contain 4.7
kbp single-stranded genomic deoxyribonucleic acid with two
palindromic GC-rich inverted terminal repeats at the chain
ends [46].

Recombinant viruses are cassettes containing a promoter,
genes of interest, and a terminator, making them more sui-
table for clinical use. Such recombinant AAVs are a relative-
ly safe tool to ensure long-term transgene expression after
a single infection because they cannot replicate. AAVs have
emerged as efficient carriers of genetic modifications because
of their efficient in vivo infectivity, lack of pathogenicity, broad
tissue tropism, rare genomic integration, and ability to infect
and maintain in non-dividing cells [47].

Several genes have been identified as potential targets
for gene therapy to extend life expectancy and improve health
of patients. These genes are often involved in signaling path-
ways that are crucial in regulating cellular metabolism, oxida-
tive stress, and inflammation, which are believed to contribute
to the aging process. Some of them are discussed below, as
well as options for using AAVs to treat age-related diseases.

Telomerase is an enzyme that helps maintain the length
of telomeres, which are protective caps at the ends of chro-
mosomes. Telomere shortening is believed to contribute to

the aging process. Some studies have investigated the use
of viral vectors to deliver telomerase-expressing genes into
cells in an attempt to slow telomere shortening and promote
longevity. Telomere length varies widely among individuals;
however, it shortens with age and cell division [3].

A method to extend life expectancy using a cytomegalo-
virus vector encoding the telomerase reverse transcriptase
(TERT) gene and follistatin has been proposed, showing high
efficacy in a mouse model of natural aging. Gene therapy ex-
tended life expectancy (by >32%), improved glucose tolerance
and exercise capacity, and prevented weight loss and alopecia
when administered intranasally or by injection [48].

The use of gene therapy to express active human TERT
in human cells potentially treats several age-related neuro-
degenerative diseases, including Alzheimer’s disease. Some
clinical trials, for example, studies by Libella Gene Therapeu-
tics, employed this strategy. This trial involved treatment with
human TERT delivered by AAV transduction (NCT04133454).
It aimed to lengthen telomeres to prevent, delay, or reverse
the progression of Alzheimer’s disease.

Telomere lengthening induces a direct impact on cog-
nitive function and quality of life in patients with age-rela-
ted neurodegenerative disease such as Alzheimer’s disease.
However, the use of human TERT is associated with the risk
of malignant transformation of cells. For example, the hu-
man TERT/MDM2-FOX03a-integrin 1 signaling pathway is
involved in human TERT-driven gastric cancer invasion. This
indicates that this pathway is a novel target for the prevention
and treatment of gastric cancer metastasis [49].

Aging-suppressor gene klotho. Animal models have
demonstrated its association with longevity. Klotho levels de-
crease with age in humans and mice, and increasing klotho
expression slows or reverses age-related changes [50].

The potential of gene therapy to enhance klotho activi-
ty in humans using AAVs is currently being investigated. For
example, AAV-Klotho was injected into the bilateral hippo-
campus of rat models of temporal lobe epilepsy, and after 9
weeks, AAV-Klotho was found to induce klotho overexpres-
sion in the hippocampus and ameliorate cognitive impair-
ment and have a neuroprotective effect. Additionally, klotho
significantly increased glutathione peroxidase-4 and glutathi-
one levels while suppressing reactive oxygen species levels
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in a rat model of temporal lobe epilepsy [51]. Utilizing AAV-
Klotho in a mouse model of temporal lobe epilepsy signifi-
cantly reduced hippocampal neuronal damage and cognitive
impairment [52].

AAV-mKlotho (murine klotho) prevented the progression
of spontaneous arterial hypertension, abolished renal tubu-
lar atrophy and dilation, and decreased renal damage in rats
with spontaneous arterial hypertension [53]. Neuroprotective
and anti-inflammatory effects and restoration of the epigene-
tic landscape were confirmed when AAV9-Klotho was admi-
nistered to a mouse model of rapid aging [54].

The use of AAV encoding a soluble form of the klotho pro-
tein reduced arterial stiffness in aging mice, including by re-
storing the B-cell population and serum immunoglobulin-G
levels, and decreased age-related vascular inflammation and
arterial remodeling [55]. There was a study using AAV vectors
encoding hTERT and klotho, which involved patients with mild
to moderate dementia. It showed the safety of the vectors and
improvement in cognitive function; however, formal data on
this trial are not yet available [56].

Fibroblast growth factor 21 (FGF21) is a hormone in-
volved in the regulation of glucose and lipid metabolism. Ani-
mal studies have shown that increased FGF21 activity can im-
prove metabolic function and life expectancy. Gene therapy is
currently being investigated to increase FGF21 activity in hu-
mans; FGF21 is considered a promising treatment for type 2
diabetes mellitus and obesity. In long-term high-fat diet-fed
and obese mice, gene therapy with AAV-FGF21 significantly
reduced body weight, adipose tissue hypertrophy, and inflam-
mation and improved liver steatosis and insulin resistance for
>1 year. This therapeutic effect was achieved without side ef-
fects despite persistently elevated serum FGF21 levels [57].

However, in rodents and humans, it was noted that circu-
lating FGF21 levels increase with age. The beneficial meta-
bolic effects of FGF21 use are associated with elevated FGF21
levels in obesity and diabetes, which may be related to altered
tissue sensitivity to FGF21 [58].

Positive results were obtained in a gene therapy trial with
three different AAVs encoding genes FGF21, aKlotho, and
a soluble mouse TGF-beta type Il receptor. The ability of these
genes to mitigate the effects of four age-related diseases,
namely, obesity, type 2 diabetes mellitus, heart failure, and
kidney failure, was evaluated in animal models. Heart func-
tion was improved by 58% in heart failure-induced ascending
aortic stenosis; alpha-smooth muscle actin expression was
reduced by 38% and renal medullary atrophy by 75% in mice
subjected to unilateral ureteral obstruction; and obesity and
diabetes phenotypes were completely reversed in mice fed
a chronic high-fat diet [59].

Kazan Medical Journal 2024, Vol. 105, No. 6

CONCLUSION

Increasing life expectancy is a positive trend in human history.
However, aging has become a major issue that should be ad-
dressed using new technologies and advanced scientific tools.

Senolytics are receiving much attention owing to success-
ful clinical trials of some of these agents. Senescent cells play
a key role in age-related diseases, and eliminating them may
have significant therapeutic benefits. However, most senoly-
tics have serious side effects that have not yet been overcome.

Moreover, cell therapy, which uses stem and specialized
cells to repair damaged and aging tissues, has the potential
to slow the aging process and improve overall health. Ho-
wever, autologous stem cells from older patients are subject
to uncertain therapeutic effects because of their intrinsically
senescent nature.

Using AAVs to deliver genetic material and a gene that can
slow the aging process could transform the approach to trea-
ting aging and discover new ways to slow and even reverse
these processes, provided that side effects are avoided and
manufacturing costs are reduced. While the abovementioned
studies show encouraging success in improving the health of
animal models and patients, the search for a true “youth pill”
is far from over.
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