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1. Xvvropoypa@isg
ATGl1, 2, 3,...(autophagic gene): avtoeoayiko yovidiwo 1, 2, 3...

MSC (mesenchymal stem cell or muscle stem cell): peseyyvuatikoé proctoxvTTopo

N Hikéd PractoKOTTOPO
HSC (hematopoietic stem cell): aypomromrixd PractoxdTropo
ROS (reactive oxygen species): dpactikéc Loppég 0&uyovov

MAPK (mitogen activated protein Kinase): tpmoteivikn Kivaon eVEPYOTOLOVUEVT

amnd Ptoyovo

ECM (extracellular matrix): e&oxvttdpio ovcio

IPSC (induced pluripotent stem cell): erayouevo moAvdivapo BAacToKOTTOPO
MTOR (mammalian target of rapamycin): ot6y0¢ ¢ pamapvkivig ota OnAactikd
cdc42 (Cell division control protein 42): mpwteivn eAéyyov KuTTapikng dtaipeong 42
NSC (neural stem cell): vevpikd PractokdTTapo

NAD+ (Nicotinamide adenine dinucleotide): vikotvapdo-adevivo-tvoukAeoTido

STATS3 (Signal transducer and activator of transcription 3): petoyoyéag onpotog

KOLL EVEPYOTONTNG LETOYPOPTG 3



2. Ewoayoy
H emikowwvia avipesa 6tovg Aaohg Kot KOTA GUVETELD TOMTIGHOVS VINPEE TAVTOTE
amapaitntn avaykn. H mpoaypoatomoinon g Mtav kot givor €@kt HEC® TNG
dladKaciog TG LETAPPOONC, 1| OTTOL0 OTOTEAEL TN LETAPOPE TOL VONUOTOC, TNG OOUNG
KOL TOL VQOVG €VOC KEWWEVOL OO £Val YAWOGOIKO GUGTNUA GE £vo. GALO. ZVVETMG, 1)
petdppaon arotedel Topéa pe pokpaiovn mapddoor, tov tovtiletor pe v e£EMEn
TOV KOWWOVIOV KOTO UINKOG TG 10Topiac. XTn o0yYpovn emoyn, AOy® NG Tpoddov G€
oplopéva media TG avlpdTIVIG OpacTnPlOTNTOG Kol TNG AVATTUENG VE®OVY, GAAG Kot
™¢ epeaviong eBvikav {ntmudtov, 1 PeTdepacT cLUPEALEL 6TV KOWOTOINGT TV
eeliemv kot v enilvon tov tpoPfAnudtov. Katavtdév tov 1pdmo KotadeikvdeTon 1
onovdaldtnta tG. Edikdtepa,  LETAOPOOT EMGTNUOVIKOV KEWEVAOV, OTWS OVTO TNG
TapovGOS Epyaciog, Elval GNUOVTIKY 0OV GUVOEEL GE TAYKOGLO EMIMEOO T LEAT TNG
avtiotoyng kowodtntag He otdYo TV TPoodo g avipomomtoac. Qotdco, TO
LETAPPOOTIKO £pY0 OTOOEIKVOETAL O oot TIKO Kol ouvBeTo amd 0Tt aivetat. O
LETAPPOACTNG TEPQ amd TN YVOOT VO (gD yous YAWGS®VY TTpEmet va AAPeL vOYT TOL
po oelpd mopayovImv, ot omoiot agopovv kupiwg 11 Bewpla Kot v mpdén g
HETAPPOONC. ZTN CLYKEKPIUEVN TepinT®mon Omov To Keipevo gival €101k, o Pabuog
dvokoAiag Mrav axoun vyniotepos. To mépacpo amd 10 Keipevo-apetnpiog oto
KEIUEVO-AQIENG, OITNPAOVTIONS OVOALOIMTO TO VONUOTIKO TEPIEYOUEVO KOl TIG
VEOLOYIKES €MAOYEC amotédece aviikeipevo mpoPAnuoticpov. I cvykekpiuéva,
ota mAaiola Tov Tunpatog Zévav N'howoomv, Metdppaong kot Aeppnveiog tov loviov
[Mavemomuiov exmovnOnke avt M mrTuylokn epyacio, 1 omoia mepAapPaver
HETAQPOOT VOGS PlotoTtpiko KEWEVOL amd TNV AYYAIKN TPOS TNV EAANVIKY YADGGO
KOl TO GYOMOGUO T®V TPOPANUATOV TOV TOPOLGLACTNKOY KATO TN UETUPPOCTIKN
dwdkacio, Kafde Kol TOV TPOTMV OVTILETMOTICNG TOVG UEGH OO XOPOUKTNPIOTIKA
nopadetypata. Téhog, mopatiBetar 1 a&oddynon ¢ moldTNTOG TOL TEAKOV

LETOPPAGLOTOG OE GYECN LLE TO TPMOTOTVLTO.
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ABSTRACT

Aging populations are increasing the incidence of age-related diseases, resulting in
problems at the individual and socioeconomic level. The need for effective strategies
in regenerative medicine for the elderly is more important than ever. Previous studies
have shown that the number and function of stem cells decline with age, thereby
undermining endogenous repair processes. It has also been suggested that the aging-
induced deterioration of stem cell function may play a key role in the pathophysiology
of various aging-related diseases. Recent advances in our understanding of tissue
regeneration and the development of methods aimed at inducing and differentiating
pluripotent stem cells for cell replacement therapy which provides exciting
opportunities for the treatment of degenerative diseases, such as those related to
senility. In this review article, we examine several mechanisms that are believed to
contribute to the aging-related dysfunction of stem cells associated with diseases of
the immune system, cardiac tissue, neuronal system, articular cartilage, and skeletal
muscle. We also discuss factors that affect the therapeutic potential of adult
stem/progenitor cells as well as current trends in the treatment of these conditions

using regenerative medicine.
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1. Introduction

Aging-related tissue changes and stem cell depletion in mammals lead to imbalances
in tissue homeostasis and decreased organ regenerative capacity. The mediation of
aging by complex cellular and physiological processes is driven by various acquired
and genetic factors. The physiological processes of aging often lead to destructive
diseases, such as dementia, autoimmunity, arthritis, cardiovascular disease, cancer,
tissue degeneration, neuropathy, stroke, obesity, and depression. The effects of aging
are particularly noticeable in retarded eyesight, hearing, muscle strength, and bone
strength. Regenerative medicine can reverse or inhibit many of these health problems
through the use of endogenous stem cells or exogenous replacement cells derived
from stem or progenitor cells to restore or rejuvenate tissue and maintain homeostasis.
This approach is a promising strategy for rehabilitation and reducing age-related
diseases. In this review, we discuss several mechanisms believed to contribute to
aging-related stem cell dysfunction. We also briefly discuss the neutralizing ability of
stem cells and other life extension factors used to treat conditions of the immune
system, cardiac tissue, central nerve system, articular cartilage, and skeletal muscle.
Researchers have shown that stem cell interventions could one day be used to delay

senescence and prolong lifespan.
2. Impact of Stem Cell Senescence in Aging and Diseases

Tissue-specific stem cells are capable of self-renewal and differentiation to produce
mature effector cells, which play a crucial role in prolonging tissue function. Adult
stem cells, also known as somatic stem cells, serve as self-renewing cell pools to
supplement senescent cells and regenerate damaged tissues throughout the body.
Mesenchymal stem cells, cartilage progenitor, satellite cells, and adipose derived stem
cells are pluripotent stem cells capable of differentiating into mesenchymal tissue
cells. There is ample evidence that a decline in the number of stem cells is an
important factor in the initiation of several diseases associated with the aging process.
It has been hypothesized that the loss of stem cell populations and/or activity over
time contributes to this decline. Previous research has explored key molecular
pathways that are often disrupted when tissue and stem cell senescence and

degradation, and experimental evidence supports these pathways themselves can



reverse the aging phenotype. However, the mechanisms related to the rejuvenation of

tissues have yet to be fully elucidated.

Epigenetic regulation is essential for establishing and maintaining stem cell function,
and evidence suggests that epigenetic dysregulation leads to potential changes in stem
cells during aging. The term epigenetics refers to changes in gene expression that do
not involve changes in the underlying DNA sequence. Hereditary changes in
epigenetic landscapes produced in stem cells can be passed on to offspring with
functional consequences exhibited in downstream lineages. Changes in dynamic
chromatin structure, including DNA methylation and histone modifications, are keys
to stem cell function. Protein coding information is encoded in the genome by the
nucleotide sequence, whereas epigenetic information can be encoded by chemically
modifying the cytosine base. Methylated cytosine is found throughout the genome,
mainly in the promoter region of housekeeping and developmental regulatory genes.
The methylated cytosine is predominantly found within CpG dinucleotides. Another
epigenetic regulation that does not directly alter the nucleotide chemistry of DNA
involves histone modification. Unlike genomic lesions that occur during aging, age-
related epigenetic changes are not permanent. Appropriate epigenetic regulation of
stem cells is critical to the maintenance of tissue, which is particularly important

given that stem cells can genetically transmit epigenetic markers to their offspring.

Autophagy is one of the hallmarks of aging. It is a constitutive pathway associated
with damage to organelles and protein aggregates through a decline in the number and
function of stem cells. Recent studies have shown that stem cells require autophagy to
eliminate cellular waste generated during quiescence. Autophagy promotes cell
survival by helping to maintain cell homeostasis and proper metabolic functions under
conditions of stress and by maintaining bioenergetic levels and amino acid pools.
Several studies have described the decline in autophagy activity and the expression of
autophagic genes, such as ATG1, ATG5, ATG6, ATG7, ATGS, and ATG12. Recent
studies on muscle stem cells (MSCs) and hematopoietic stem cells (HSCs) have
revealed impaired autophagy associated with a decline in stem cell activity. These
findings indicate that at in advanced age, MSCs and HSCs lose their ability to
regenerate and that defects in autophagy are present in aging stem cells. The effects of
autophagy on maintaining cellular homeostasis open the door to novel therapies to

deal with aging and age-related diseases.



It has been assumed that reactive oxygen species (ROS) may lead to a loss of
differentiation. Excessive production of ROS by environmental stresses triggers
cellular senescence and the amorphous differentiation of MSCs. One member of the
mitogen-activated protein kinase (MAPK) family, p38 MAPK, is an important
mediator responsive to extracellular stressors. The fact that p38 MAPK is involved in
the molecular interaction during aging indicates that p53 is a major mediator of ROS-
related signal transduction. The cyclin-dependent kinase inhibitor gene p16INK4a is
believed to be a key factor in regulating oxidative stress-induced cell division and
arresting the senescence of MSCs and tissue progenitor cells. It is generally believed
that high levels of ROS promote senescence by inducing oxidative stress. This would
mean that MSCs may contribute to organism aging by undermining tissue
homeostasis.

Many types of monocytes are present in skeletal muscle, which are essential to the
maintenance of stem cells, fibroblasts, and immune cells. Age-related changes in the
extracellular matrix (ECM), which can lead to pathogenicity, are associated with
induced stiffness in skeletal muscle. These age-related changes affect stem cell
behavior, and stromal cell proteins secreted by aged ECM and aged fibroblasts drive
differentiation into fibroblasts. Thus, senescence is associated with intensive ECM
deposition and loss of stem cell function, leading to reductions in regenerative
capacity and strength. Age-related changes in the density and biophysical properties
(i.e., hardness) may have negative effects on the function of satellite cells. Directly or
indirectly modifying ECM may provide a basis for age-related growth and insufficient
strength. The regeneration of skeletal muscle depends on the dynamic interaction

between muscle stem cells and the microenvironment or niche.
3. Stem Cells for Anti-Aging and Rejuvenation

Stem cells are characterized by their multiple-efficacy and self-renewal capabilities,
resulting in progenitor or mature cells that can repair tissue and retain the
characteristics of stem cells to ensure long-term maintenance of the stem cell pool. As
stem cells age, their renewal ability deteriorates, and their ability to differentiate into
various cell types is depleted. Based on current understanding of stem cells, it is
feasible to design and test interventions to slow aging and improve health and
longevity. It is believed that stem cell failure contributes to a decline in health during
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aging; therefore, the development of effective methods to induce and differentiate
pluripotent stem cells via cell replacement therapy provides an exciting avenue for the
treatment of degenerative age-related diseases. It is believed that the regenerative
potential of these cells is due to their high proliferation and differentiation
capabilities, paracrine activity, and immune privilege. Somatic stem cell populations
differ according to the regenerative needs of the host tissue. In high turnover tissue,
such as the gut or hematopoietic system, most stem cell or progenitor cell populations
are active throughout life. In organs lacking stem cells, inducing pluripotent stem cell
(iPSC) to replace cells is a promising therapeutic approach for functional recovery.
iPSCs restore the same developmental potential of embryonic stem cells, which
means that they can then differentiate into any type of tissue. Stem cells play a key
role in organogenesis and maintaining homeostasis throughout life, possess the ability
to migrate long distances and target pathological conditions, express therapeutic
genes, and respond to cues that redirect their differentiation into defective lineages.
This means that stem cells can be used for cell replacement as a therapeutic
intervention aimed at mitigating the effects of aging.

4. Immune System Rejuvenation

In most species, including humans, the later stages of life see a decline in the overall
maintenance of an organism and subsequent decline in health. This also applies to
hematopoietic systems, in which senescence is associated with increased
susceptibility to hematological malignancies and other diseases. Hematopoietic stem
cells are a continuous source of various lymphocytes and myeloid cells from early
development through to old age. Blood cells are responsible for the ongoing
maintenance and immune protection of every cell type. This leads to the production of
billions of new blood cells by hematopoietic stem cells every hour. At the population
level, the adaptive immune responses of elderly individuals are retarded. Studies on
the process of blood cell formation have revealed that aging reduces adaptive immune
responses and hemocyte components, leading to an increase in the incidence of

myeloid diseases, including cancer.

Rejuvenation is meant to reverse aging rather than simply delay it. Rejuvenation can
be achieved through the reconstitution of endogenous hematopoietic stem cells or the
transplantation of pluripotent hematopoietic stem cells, usually derived from bone
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marrow, peripheral blood, or umbilical cord blood. The pharmacological modulation
of deregulated factors is one strategy aimed at the reconstitution of endogenous HSCs.
Currently, this type of intervention has achieved only partial rejuvenation. Previous
proof-of-concept studies have shown that modulation of the HSC aging state can be
achieved by targeting mTOR and cdc42 using exogenous agents. The recent use of
novel compounds for the ablation of senescent cells has led to the renewal of
hematopoietic stem cells and muscle stem cells in wild type aged mice, further
demonstrating the efficacy of adult stem cells in overcoming the effects of aging.
Most research on the use of allogeneic hematopoietic stem cells for the treatment of
hematological malignancies in the 1980s and early 1990s was restricted to young
patients. Hematopoietic stem cell transplantation is now considered a mature
technology and remains an effective method for the treatment of patients presenting

hematological symptoms.
5. Cardiac Rejuvenation

We are still far from a definite quantitative measure of cardiac turnover; however, it
has finally been accepted that heart muscle cells can be regenerated after birth.
Nonetheless, mature cardiomyocytes are withdrawn from the cell cycle soon after
birth. The metabolism of cardiomyocytes requires the contribution of immature cells
to myocyte, which are differentiation from cardiac stem cells, replacement repeatedly.
However, senescent blasts and cardiomyocytes accumulate in the myocardium of
elderly patients with severe systolic dysfunction. Patients with severe obstructive
cardiac disease caused by the narrowing of atherosclerotic plaques present tissue
retention and a reduction in the functionality of circulating vascular stem/progenitor
cells to repair tissue damage. This has led a number of researchers to use stem cell
transplantation as a means to regenerate tissue heart in a process referred to as heart

rejuvenation.

Researchers have recently succeeded in treating cardiovascular diseases using
alternative approaches to regenerative medicine. Systemic interventions involving the
pharmacological removal of senescent cells inhibit pro-survival and anti-apoptotic
pathways in senescent cells. The restoration of a juvenile microenvironment through
the administration of systemic factors or the inhibition of pathways alters with age.

Researchers have also investigated cell therapies involving the administration of
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young, healthy stem cells to a diseased heart to provide protection from
cardiomyocyte senescence and promote cardiac repair. They also investigated the ex
vivo rejuvenation of reparative cells through the in vitro pharmacological
pretreatment of stem cells isolated from old diseased animals followed by in vivo
delivery. This approach was aimed at suppressing or activating modifications induced
by the aging process, and epigenetic drugs were shown to at least partially restore
changes associated with systemic disease. Another approach was the genetic
modification of stem cells to enhance functionality, such as the overexpression of the
pro-survival kinase Pim-1 or nucelostemin to reverse cellular senescence. Further

studies have demonstrated the potential of these alternative therapeutic interventions.
6. Nerve System Rejuvenation

For decades, research proceeded on the assumption that the nervous system of adult
mammals is unable to produce new neurons. However, the identification of
neurogenic regions in the adult brain has prompted intense activity in the field of adult
neurogenesis. Most neurons are mitotic, and slow-cycle neural stem cells (NSC)
maintain neural regeneration in specific areas of the mammalian brain during
adulthood. Age-induced reduction in the number of satellite cells and neural stem
cells undermines nerve regeneration. Aging of the central nervous system is
associated with the progressive loss of function, which can be exacerbated by
neurodegenerative diseases, such as Alzheimer’s disease, dementia, stroke, and
Parkinson’s disease. At the cellular level, senescence of the central nervous system is
accompanied by a number of changes that impair cell function, including elevated
levels of oxidative stress and oxidative damage associated with proteins and DNA. It
has also been linked to impaired cellular metabolism, lipid and protein by-products,
and the accumulation of advanced glycation end products. The most notable age-
related changes in the brain are associated with cognition and plasticity. Even in the
absence of disease, aging can negatively affect nerve function. Recent data suggest
that age-related defects in neural stem cells can be reversed through the reactivation
of telomerase, suggesting that aged oligodendrocyte precursor cells can theoretically
be used to preserve the regeneration of myelin sheaths. In the adult central nervous
system, remyelination is a spontaneous regenerative process that restores skip

conduction, prevents axonal degeneration, and promotes functional recovery.
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Most previous studies reported that cell therapy may be able to replenish lost cells and
promote neuronal regeneration, protect neuron survival as well as play a role in
overcoming permanent paralysis and sensory loss and restoring neurological function.
Unfortunately, mechanisms for determining treatment capacity have yet to be
identified. Previously researches implied that possible mechanisms may include the
following: 1) the promotion of angiogenesis, 2) induced neuronal differentiation and
neurogenesis, 3) reduced reactive gliosis, 4) the inhibition of apoptosis, 5) the
expression of neurotrophic factors, 6) immunomodulatory functions, and 7) the
promotion of neuronal integration. The two primary cell replacement strategies
involve 1) the transplantation of exogenous tissue and 2) the endogenous activation of
cell proliferation. Tissue can be transplanted directly in order to replace lost tissue.
Genetically engineered cells can also be implanted for the secretion of factors that
promote survival and/or proliferation. The specialized microenvironment of the neural
niche ensures that neural stem cells (NSCs) self-renew and differentiate but mainly
enter the neurons. Thus, understanding the physiological characteristics of NSCs and
how they are affected by changes in pathological conditions could open the door to
exploiting the plasticity of NSCs for the prevention and/or treatment of degenerative

diseases.
7. Articular Cartilage Rejuvenation

Articular cartilage injury is a debilitating disease that can result in fibrillation and the
subsequent deterioration of the peripheral articular surface and may also involve the
subchondral bone, thereby facilitating the development of osteoarthritis. The special
composition of the ECM gives it viscoelastic properties, which facilitate the normal
function of the ECM. Collagen is hyaline cartilage composed of 60% (by dry weight)
chondrocytes. Fibrocartilage and elastic cartilage are two other types of cartilage
differing in ECM and cell components. Age-induced changes in articular cartilage
include chondrocytes acquiring a secretory phenotype, chondrocyte sensitivity to
growth factors, the destructive effects of chronic ROS, and glycosylation of end
products. This disturbs the balance between anabolic activity and the destructive
processes of chondrocytes. As the matrix decreases, articular cartilage becomes
increasingly thin, the hydration of cartilage decreases, and the number of cartilage
cells also decreases. It appears that the bioactive paracrine factors secreted by

mesenchymal stem cells (MSC) can have beneficial effects in regulating the
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microenvironment of damaged tissue, leading to more favorable conditions for tissue
regeneration. MSCs secrete a range of paracrine factors, collectively referred to as
secreted proteomes, which perform a variety of biological functions, including
immune regulation, angiogenesis, anti-apoptosis, anti-oxidation, cell homing, and the
promotion of cell differentiation. Most previous studies have focused on the clinical
benefits of MSC treatment, regardless of the source of the cells, the indications, or the
mode of administration. MSCs have been used in cell therapy to promote the repair of
cartilage, muscle, or bone. These cells are typically harvested from bone marrow and
are characterized according to the stimulatory factors they provide. Elucidating the
mechanism that promotes the aging of articular cartilage could lead to treatments
aimed at slowing aging-related changes or promoting the regeneration of articular

cartilage.
8. Skeletal Muscle Rejuvenation

The extraordinary regenerative capacity of skeletal muscle can be attributed to a
reserve pool of muscle-resident satellite cells located in the niche between muscles.
These cells are essential to the repair and regeneration of muscle throughout life.
Recent studies have shown that cellular and extracellular factors are dysregulated
during aging. Aging is associated with a progressive loss of tissue function associated
with a decrease in the functionality of muscle satellite cells and the total size of the
muscle stem cell pool. The aging of muscle is characterized by a decrease in repair
capacity. Aging satellite cells show evidence of several intrinsic cellular changes
associated with genomic instability, DNA damage, oxidative damage, and the
deterioration of mitochondrial function. Changes in homeostasis may explain the
reduction in antioxidant activity, changes in protein folding, decreased myogenic
differentiation, and tendency of these cells to adopt fibroblastic and adipogenic fates.
Another intrinsic change observed in the satellite cells of the elderly is an imbalance
in protein homeostasis. Satellite cells are also affected by the local microenvironment
and systemic circulation, both of which are affected by aging. This means that
changes in intrinsic cellular function and regenerative environmental cues tend to

impair stem cell activity and reduce the regenerative capacity of aging muscle.

Interventions aimed at reversing age-related changes in satellite cells or their niche

have been shown to partially restore the ability of aging muscle stem cells to
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regenerate. Current attempts to recover aged satellite cells include the genetic and
pharmacological inhibition of p16INK4a, STAT3 and p38 MAPK, autophagic flux,
and NAD+ recruitment as well as the administration of hormones to revitalize
oxytocin. Satellite cells are essential to the maintenance and repair of many types of
adult tissue during normal physiological processes as well as to the response to injury
or aging. Recent advances in the isolation of muscle satellite cells and the elucidation
of the cellular and molecular media that control their activity have indicated that these
cells are a promising therapeutic target. Satellite cell-based therapy could involve the
direct replacement of cells or the development of drugs that enhance endogenous
muscle repair mechanisms. Satellite cells are a population of major regenerative cell
in adult skeletal muscle that is capable of supporting multiple rounds of mature
myofiber regeneration. These cells are attractive candidates for Duchenne muscular
dystrophy, is a severe type of muscular dystrophy, and related disorders. Previous
studies have shown that at least some of the muscle satellite cells exhibit the
characteristics of stem cells, such as self-renewal and differentiation. Transplanting
these cells into damaged or malnourished muscle could produce permanent disease-

resistant wild-type copies of genes that can incorporate into existing muscle fibers.
9. Conclusion

Over the past decade, researchers have made tremendous progress in understanding
stem cell aging and the molecular mechanisms underlying this process. Previous
studies have also confirmed the extrinsic ingredients, and transplantation trials have
identified the intrinsic components that cause an age-dependent decline in the number
and function of stem cells. This impairment can be attributed to changes in the
intrinsic pathway of cells and the surrounding environment. Regenerative therapies
focus on stem cells and other life-prolonging factors in an attempt to reverse aging.
Clinical trials must also be conducted to determine whether genetically
reprogramming stem cells delay senescence and enhance regeneration and whether
the application of stem cells in aging individuals is ultimately approved. The ex vivo
genetic modification of stem cells may also provide an effective strategy for
rejuvenating older stem cells and diseased organs. Improved protocols for the
rejuvenation of aging stem cells could help to improve the preparation and clinical

application of stem cells harvested from aging tissues as well as their products.
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4. Metagpoopo

OgpomevTiKn 0yOYN pe PLAGTOKVTTOPA VIO AVTLYTPAVOT] KOl 0vaL®Ooyovnon
YUVTOKTES

Da-Chuan Yeh, Tzu-Min Chan

Yuvepyooio

1) Awdbvvon T'evikig Eocwtepucng latpikng ot Koopnrtikng Kiwwkng, evikd
Noocokopeio Buddhist Tzu Chi, Taipav.

2) I'evikd Kévtpo Exmaidgvong, [Mavemoto Taiwan Shoufu, Taifdv.
YYNOYH

H mnbvopokn ynpavon oav&dver 1 ovyxyvotnto eueaviong oacbeveldv mov
oxetiCovior pe Vv nAkio, pe amotélecua  TPOPANUATO GE  OTOMKO Kot
KOW®VIKOOIKOVOUIKO emimedo. H avdykn vyio amoteleopotikég pebodoovg otnv
OVOYEVVNTIKY] WOTPIKT] YIOL TOVG MAIKIOUEVOLG €lvol TO ONUAVTIIKY ond TOTE.
[Iponyovueveg peréteg €xovv deiéet Ot1 0 aplBudg kot 1 Aettovpyio TV
Bractokvttdpov ggacbevodv pe v nAkia, vmovopedovtag £Tol TIG €VOOYEVELQ
dwdkacieg amokatdotaons. ‘Exet emiong vmoompybel 6Tt n emdeivoorn g
Aetrtovpyiog T@v PAactokvTTdp®Y, TOL TPOKOAEital omd T YNpavon, Umopel va
dwdpopoticet onuavtikd poio oty TafoPucloloyio dSPOP®Y VOCT|UAT®V GYETIKMV
pe m ynpavon. Ot wpdopatec e€eAilelg otV KATAVONOT TNG OVATANGNG TOV 1GTOV
Kot 6TV avantuén puebddmv, Tov GTOXELOLVY GTNV EMAY®YN KOl TN OLPOPOTOiNoT
TOV TOAVOLVOL®Y PAocTOKLTTAP®V Yoo T Ogpameios KLTTOPIKNG OVTIKOTAGTOGNG,
TOPEYOVY  GUVOPTOCTIKEG  OLVOTOTNTES YO TNV  OVIIHETONION  EKQLAICTIK®OV
acBevelmv, 0TS avTéG TOV oyeTilovtol Le To YNPOS. e avtd T0 ApOpo avackdnnong,
eetdlovpe  opwopévoug pnyovicpovs mov  Bewpeiton 61t cvpPdAiovv o
duciertovpylo TV Practokvttdpwv. H dvciertovpyio ovtr emépyetal katd ™
ypavon kol oyetiletor pe acBéveleg 1oL AVOGOMONTIKOD GULGTHUATOS, TOV
KapOlKoy 16ToD, TOL VELPIKOD GCULOTNUOTOS, TOV APOPIKOV YOVOP®V Kol TOV
OKEAETIKOV HLAOV. AvoeepOlooTe, €miong, o€ mopdyovieg mov ennpedlovv Tig

BepamenTIKG IKAVOTNTEG TOV EVAIMK®V PAAGTIKMOV/ TPOYOVIKAOV KVTTAP®V, KaBMG Kot
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0€ TPEYOVOEC TACELG OTNV OVIIUETOMION OVTOV TOV acbevelidv pe T Ponbeta g

OVOLYEVVTTIKNG LTPIKTC.
AEEEIZ-KAEIAIA

Blaotoxvttapo, Avtiynpavon, Avalmoydvnon, Avocsornomrikd Xvotnuo, Koapdiokog

Iotog, Kevrpued Nevpikd Zvotpa, ApBpikdg Xovdpog kot ZkeAeTikdc Mug
1. Ewcoyoyn

Ov oyetkég pe 1t YyNHpovon HETOPOAEC OTOVC 10TOVC KOl 1 peimon TV
BAactokLTTAp®V 0T ONAOCTIKG 0ONYOVV GE AVICOPPOTIES GTNV OUOLOGTOCT TV
OTOV KOl OTN HEWOUEVN] OVOYEVVNTIKY KOvVOTNTO ToV opydvov. H exdnimon
OUVOETOV KVTTOPIKAOV KOl QUGIOAOYIKMOV JEPYOCIOV KOTA TN yNnpaven ennpedleTot
amd SPOPOVS EMIKTNTOVG KoL YEVETIKOVG Tapdryovies. Ot QUGLOAOYIKES dlepYaoies
™G YNPOVONG OGLYVA 0dNYOoOV GE KOTAOTPOPIKEG 00OEveEleg, OmMMC M Gvold, To
aVTOAVOGO Voonuata, 1 apdpitda, To Kopdloyyelokd VOSHUOTE, O KOPKivog, M
EKQEOMON TOV 16TAOV, 1 VEVPOTADELD, TO EYKEPAUAMKO £MEIGOS0, M TOYLGOPKIO Kot M
katdOiym. Ta amoteréopato g ynpavong yivovior diaitepo oiohntd otnv
eEaocBévnon g 6paong, g aKoNG, TG HVIKNG SOVVAUNG KOl TNG 00TIKNG avtoyns. H
OVOYEVVITIKT] WOITPIKT) UTOPEl Vo avaoTpéYeL 1 va avaoTeilel TOAG omd avtd To
npofAnpata vyelog HEGM TNG OMOKATACTAGNS 1 TNG OVAVEMONG TOV 10TMV KOl TNG
dlnpnong g opowdotacns. Avtd  emTvyydvetow pHE TN XPNOT  EVOOYEVDV
BraocTokLTTAp®V 1N €EWYEVOV KLTTAP®V OVTIIKOTAGTOONG, TOV TPOEPYOVTAL Omd
Braoctika M mpoyovikd wvttapa. H ovykekpiuévn pébodoc amotedel o woAld
VTOGYOUEVT] GTPATNYIKY Yl TNV OTOKATACTOCT KOl TN Heiwon Tov acheveldv mov
oyetiCovron pe v nAkio. X auTV TNV OVOGKOTNGN, OVUPEPOLUCTE GE HEPUKOVCS
unyoviopods mov  Bewpeiton 6Tt GLUUPAAAOLY  OTN OYETIKN HE TN YHPOVON
dvoiertovpyia TV PAactokvtTapwy. Emiong, eetalovpe gv cuvtopia v kavotta
eEovdetépmong, mov Owbétovv T PAactokOTTOPO, KOl GAAOVG  TOPAYOVTEG
napdTaons e LG, TOV YPNGIULOTOOVVTOL Y10l TV OVTILETMOMTICT TPOPANUAT®V TOV
OVOGOTOUTIKOD GUGTNUATOG, TOL KOPOKOD 16TOD, TOV KEVIPIKOV VELPIKOV
GLOTNOTOG, TOV OPHPIKAOV YOVIP®V Kol T®V CKEAETIK®OV poav. Epgvuvec éyovv deitet
otL o1 Bepameieg pe PractokvTTOpPO B0 pTopovsay Kamola Nuépa va kabvotepricovv

TO YNPOG Kot VoL Tapateivouy T didpketa {omng.
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2. H Emidpaon tov I'patog tov Bhaotokvtrdpov otn IMpaven ko Tig

AcOévereg

Ta edwd 1otohoykd PAacTokOTTOPO €ivol 1KOAVE VO OLTOOVAVEDVOVIOL KOl VO
JPOPOTOLOVVTAL Y10, TNV TOPAYOYH OPU®V OPACTIKOV KLTtapwv. To televtaio
nailovv KaBoploTikd poro oty mapdTacn TG Asrtovpyiog TV 1oTdv. Ta evilika
BAacTOKOTTOPO, ETIONG YVOOTE G COUATIKA PAAGTOKVTTOP, XPNOILEVOVY OC QVTO-
OVOVEDGULES OUAOEC KLTTAPW®V Y10, TNV EVIGYLON TOV YNPUIDOV KLTTAP®OV Kol TNV
avATAOON TOV KOTECTPOUUEVOV 10TOV G€ OA0 TO odpo. Ta HECEYYLUATIKA
BAOGTOKVTTOPA, TO TPOYOVIKA KOTTOP TOV YOVOPMV, TO dOPLPOPIKE KOTTAPO KOl TO
BAactokVTTOPA TOL MIM®OOVG 16TOL givar moALOVVOUE PAAGTOKVLTTOPM, KAVE VO
JPopoTomBovV GE KOTTAPA TOV LEGEYYVUATIKOV 16TOV. YTAPYOLV TOAAES EVOEIEELS
ot M peiwon Tov aplfpod Tov PAACTOKVTTAP®Y OTOTELEL CNUAVTIKO TAPAYOVTH GTNV
EUGAVION OPKETAOV VOCUAT®V TOL cLvdEovTal pe T dadkasio g ynpavonc. ‘Exet
EMKPOATACEL M avTiAnyn 0Tt N andAew TV TANOLGUOV KOV 1 1 OTOAED TNG
dpacTNPOTNTOS TV PAAGTOKLTTOP®OV GLUPAAAEL e THV TAPOSO TOL YPOHVOL GTNV
peimon oavtn. [Iponyoduevn €psvva €xel eEetdoetl TIc Pacikés HOPLOKES 0300 OV
oLYVA Ol0TAPACCOVTOL KATO TN YNPAVOY Kol TNV €KQVAICT] T®V 10TOV KOl TOV
BAactokLTTApWV, EVO TEPALOTIKG oTOtKElD LITOGTNPILOVY OTL VTG O1 0001 PUITOPOVV
Vo avVOCSTPEYOLV TOV QAIVOTUTO NG YNpovons. Qotdco, Ol UNYOVIGHOL, 7oL

oxeTilovTaL [LE TNV OVOVEMOCT) TOV 16TMV, 0V £X0LV akouT eEnyndet TAnpwg.

H emyevetucn pubuion eivor amapoitntn yoo tov KaBopiopd Kot ) dtnpnon g
Aertovpyiog TV Practokvttdpmv, evd otoryeia delyvouv OTL 1 EMYEVETIKN
dvoiettovpyia 0dnyel oe mBaveg petaforéc ota PAactokOTTOPO KOTtd TN YHpoaven. O
OpoG emryeveTiky OvAPEPETOL GE LETAPOAES GTN YOVIOLOKT EKQPaOT), e eEaipeon Tig
petaforéc oty vrokeipevn aiiniovyio tov DNA. Ot petaforéc Tov emtyeveTikOv
TEPLOYDOV OTO, PAACTOKVTTOPO. UTOPOVV VO KANPOVOUNBOUV GTOVG amoyovous: ouTo
EXEL MG AMOTEAECLO TNV EULPAVIOT] AELITOVPYIKAOV GUVETEIDV OTIG EMOUEVES YeVEES. Ot
petaforéc otn  duvapukn dopn G ypopotivig, ocvumepthappavopévng g
pebviioong tov DNA Kot TV TpOTOTOMGE®V TNG 1GTOVIG, OTOTEAOVY KAELOIA Yia T
Aertovpyio Tov PBractokvttdpv. Ot TANPoeopieg KOIKOTOINONS TOV TPMOTEIVOV
KOOKOTO0UVTOL GTO YOVIOlopo amd TV aAAnAovyio TV VOLUKAEOTWI®WV, VD Ol
EMYEVETIKEG TANPOPOPIEG UTOPOLV VO KOIKOTOMOOOV e TN YNUKT TPOTOTOinon

g Paong g kvtooivng. H pebviopévn kutosivny Ppioketar e 6A0 to Yovidiopa,
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KLpIimG GTNV TEPLOYN-LTOKIVNTH TOV PLOUGTIKAOV YOVISIOV avapopis Kot avamTuéng.
H 610 evtomileton kupimg ota dtvovkieotiown CpG. Mo dAAn emtyevetikny pvOuion,
mov dev peTafaiAet dueca T ynpeia tov voukieotidimv tov DNA, nepihappdvet tnv
TPOTOTOINGCT TNG 0TOVNG. Xg ovTifeon HE TIS YOVIOIOUOTIKEG OAAOIDGCELS, TOV
epueavifovtar Katd tn yNpoveon, ot emLyeVeTIKES LETABOAEC, Tov oyetilovtol pe v
nAkia, dev eivan povipes. H katdAAnin emyevetikny pbbuion tov Practokvuttapmv
etvar kpiown ywo ™ dwmpnon tov wtdv. Eivol, emiong, dwaitepo onpovtikn
dedopéEVOL 0Tl T0. PLOGTOKVTTOPO HUTOPOVV VO LETOOMCOVY YEVETIKMG EMLYEVETIKOVG

OelKTEC GTOVG ATOYOVOLS TOVC.

H avtopayia etvor éva and ta yopakpiotikd yvopicpota g ynpovons. Amotelel
po cvotatiky dwdikacio mov cuvdéetar pe ™ PAAPN TV opyovidiov Kol TV
TPOTEIVIKOV GVYKEVTPOGE®Y. AvTi 1 BAAPN eivan amotédeopa g e€acBévnong Tov
apBpov kot g Asrtovpyiog Tov Practokvttapav. [Ipdcepates pedéteg £xovv deilet
ot o fAactokvTTOp YpEAlovTaL TNV ovToPayio, OCTE Vo EAAEIYOVY TO KVTTOPIKA
andPfAnta mov mapdyovion kKotd v adpdvelo. H avtopayio mpodyel Ty KuTTopikn
emPioon, Ponboviog otn dwMpnon TG KLTTOPIKNG OHOOGTACNG KOl TOV
KOTOAMNA®V PETOPOMK®Y AEITOVPYIOV VO cuvinkeg mieonc. EmmAéov, dwatnpel ta
Broevepyntikd emineda Kot T opddeg apvoemv. Apketég Hehéteg £xovv meptyplyet
™ Hel®oN TS avTOEAYIKNG OpacTNPOTNTAS KOl TNG £KOPOUCNS TMV OLTOPAYIKMV
yovdiov, 6mwg ta ATG1, ATGS, ATG6, ATG7, ATGS8 ka1 ATG12, evdd mpocateg
peréteg yu ta poika Practoxvttapa (MSCs) kot o aporomtikd PAactoKLTTAPO
(HSCs) éyouvv dei€er 0tL M petopévn avtoeayio oyetiCetor pe v eAATTOON NG
dpactTnpOTaS TOV PAOCTOKLTTAP®Y. ALTE TO €LpNUOTO HOPTLUPOVV OTL GE
npoyopnuévn miwkio to MSCs war HSCs yévouv v wavdétmtd tovg va
avamAdbovtatl kot 6Tt 01 OLGAEITOVPYIES TNG ALTOPAYIOG TAPOVSIALOVTAL GTO YNPOLd
BraoctokvtTopa. Ta amoteAéopato TG QLTOEAYING GTN SOTHPNON TNG KLTTOPIKNG
OUoOGTACTG avoiyouv To OpOpo o€ véeg Oepomeiec yuoo TV OVIIUETOTION TNG

YNPOVOTG Kol TV acBeveldv mov oyetilovton pe Tnv niwcio.

Ocwpeitor dedopéEVO OTL 01 dpacTikég HopPég o&uyovou (ROS) umopet va odnyncouvv
otV amdAelo TG olapoporoinong. H vrepPoiucn mapaywynq ROS, mov opeileton oe
TePPOAOVTIKEG TECELS, TPOKOAEL TNV KLTTOPIKN YNPAVON Kol TNV GUOpON
dwpoponoinon twv MSCs. 'Eva péhog amd v otkoyEvelo TG EVEPYOTOLOVUEVNG Ol

ptoyovo mpowteivikng kwvdong (MAPK), n p38 MAPK, omotehel onpovtikd
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pecoAafntn, kobm¢ avIamoKPIVETOL GTOVS EEMKVLTTAPIKOVS Tapdyovtes otpec. To
yeyovog 0t 1 p38 MAPK gumhéketon otn poplokn aAANAETiOpacn Katd Tt ynpavon
VIodekvOEL 0Tt M P53 amotelel KOHPLO peGOAAPNTY OTN UETOYWYN TOV GNLOTOG TOV
oyetiCetar pe tic ROS. To yovido avactoréo Kvaong eaptdUeEVNg omd KLKAIvN
pl6INK4a Bewpeiton 611 amotedel Pacikd mapdyovio ot puOUION TNG KLTTOPIKNG
dwaipeong, mov wpokaAeital amd 0EEBWTIKO OTPES, KAOMG Kol GTNV OVAUGTOAN TNG
mpavong tov MSCs kol Tov TPOYOVIKOV KLTTAP®V TOV 16TAV. YTAPYEL YEVIKA M
nemoifnon o6ttt vynid erninedo twv ROS zmpodyovv  ynpavon pécm g
TpOKANoNG 0EE10WTIKOV 6Tpe. Avtd iowg va onuaivel 6t o MSCs cuuBdAiovy ot

YPOVGT) TOV OPYOUVIGHOD DTOVOUELOVTOG TNV OLOLOGTACT] TOV IGTMV.

2tovg okeAeTkoVg pug Ppiokovior moAhoi tOmOL povokvLTTAP®VY, Ot omoiol eivor
amoPOiTNTOL Yoo TN STHPNoYN TOV PAAGTOKVLTTAP®V, TOV WOPAOCTOV KOl TGV
KUTTAP®V TOV OVOCOTOMTIKOD cLOTNUOTOC. Ot oyetikés pe v nlkio petafoiég
omv eEokvttapa ovsio (ECM), mov umopel vao odnynocovv e maboyeveTikOtnTa,
GLVOEOVTUL LE TNV EMOYOLEVN OKOUWIO GTOVG GKEAETIKOVG LG Kol emnnpedlovv
CLUUTEPLPOPE TV  PAACTOKVLTTIAPOV. AKOUN, Ol TPOTEIVES TOV OCTPOUATIKOV
KLTTAp®V, mov ekkpivovior amd ™ ynpod ECM kot tovg ynpotovg tvoPAdcTeg,
odnyovv 11 Owdwacio ™G dweoponoinong otovg tvoPrdotes. ‘Etol, 10 ynpog
ouvoéeTat e TNV eviatikn evomdbeon g ECM kot v anmAgio g Agttovpyiog Tov
BAacTtokvTTap®VY, 0dNydVTaG oTnV €£acBEvnon TG avayEVVNTIKNG KOVOTNTAG KOt
g avtoyns. Ot oxetikég pe v nAkio HETaBOAES oV TLKVATNTO Kot TIG PLOPUOTKES
W10 TEG (ONA., SKANPOTNTA) UTOPEL VAL EYOVV OPVNTIKEG EMMTMOGELS GTH AELTOLPYi
TOV 00pLEOPIK®OV KuTtdpwv. H dupeon 1 éupeon tpomomoinon mg ECM umopet va
amoTeAEGEL PAOT Yol TNV CXETIKN UE TNV NAKI0 ®PILOVeT Kol TNV OVETAPKY] 0VTOXY).
H avémiaon tov okeAletikdv poov eEaptdtor amd tn SLVOUKN OAANAETidpaon
HETOED TOV MVIKAOV PAOCTOKLTTOPOV KOU TOV MKPOTEPPAALOVTOC 1 KATOL0G

e€edkevéVnG TePLOYNG.
3. BLaoTOKOTTOPA Y10 AVTIYPAVOT] KO avalmoyovion

Ta  ProctokOttapo  yapoktnpilovtor omd TG OLVOTOTNTEG — TOAANTANG
OTOTEAEGUOTIKOTNTOG KOl OVTOOVAVEMONG. AVTO £XEl MG OMOTELEGO. TPOYOVIKA M
oOpo KOTTOPO, T 0ol UTOPOHV Vo ETO0PHDVOVY TOVG 1GTOVE KO VoL SLUTPOVV T

YOPOKTNPLOTIKA TV PAacToKLTTAPp®V, eEacpaAilovtag tnv poakpoypdvia daTipnon
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™G ovykévipmong Tov Practokvttdpov. Kabog ta PAactokdtrapa yepvoldv, 1
KAVOTNTO OVOVEMONG TOVG ETOEVMOVETOL KOL 1] SLVOTOTNTO J1OPOPOTOINCNE TOVG GE
dpopovg TOMoVg Kuttdpwv efavtieitar. Me Bdon v Tpéyovca KATOVONGT TOV
BAactokvTTapV gival piktd va oyxedlactodv Kat vo dokiuactodv Bepameieg yio tnv
emPpddvvon g ynpavong kot t Pertioon g vysiog kKot g pokpolmiog. Ymdpyet
N avtiinyn o0t M peiwon towv PAactokvttdpmv cvuPdiiel oty eacbévnon g
vyeiog katd ) yRpovon. Eropévac, n avéntuén amotelecpatikadv pebddmv (6nwe n
Oepameio KOTTOPIKNAG OVTIKOTAGTAONG) Y0 TNV EXAYMOYN KOl TN Sl0pOpomoinen twv
TOAVSVVAU®OV PAACTOKLTIAP®V TOPEYEL CUVAPTOCTIKEG TPOOTTIKES Yoo TN Oepomeio
TOV EKPLVAICTIKOV acbeveldv, mov oyetiCovtal pe v nAkio. Emkpartel, emiong, n
dmoyn OTL T0 SLVOUIKO OVATANCTG OVTOV TOV KLTTAPOV OPEIAETOL OTIG HEYOAES
dVaATOHTNTEG TOAAATANGIOCHOD Kot SLOPOPOTOINCTG, GTIV TOPAKPLVY] dPASTNPLOTNTA
Kol To. 0vOGOTomTiké mpovoule. Ot mAnfucpol TtV coOUOTIKOV BAACTOKLTTAP®OV
SPEPOVY AVAAOYO LE TIC OVOYEVVNTIKES OVAYKEG TOL 10TOV EEVIoTH. Xe 16T0VC
VYNANG ovovEémong, Om®g TO €VTEPO 1 TO OUOTOMTIKO GVGTNHO, Ol TEPIGCOTEPOL
mAnBvcpol PAACTOKLTTIAP®V 1| TPOYOVIKOV KLTTAPWOV &lvar evepyol ko 'OAn
dwpkela ¢ ComMg. Xta Opyova mov dgv dwbétovv PractokOTTOpO, T EMOYMYN
noAvdvvapwv Bractokvttapov (IPSC) pe 6tdyo v KLTTOPIKY OVIIKOTACTAON Eivat
po ToAAG vtooyouevn Bepamevtiky nEBodog Yoo TN AElTovpYIKn amokatdotact). Ta
IPSCs anoktolv Tig id1eg avamtuélakég dvvatdtreg e o epuPpuikd PractokvTTOp,
TPAYLO TOV CNUAEVEL OTL LTOPOVV GTI GUVEXELX VO O10pOPOTOINHoVV GE OTOL0ONTTOTE
om0 167100. Ta PracTokOTTOpa Tilovy CNUAVTIKO POLO GTNV OPYAVOYEVEST KO GTN
dwatnpnon g opotdotacns kb '6An m ddpkela g Long, dabétovy ™ dvvatdTTA
VO LETOVAOTEVOVV GE LEYAAEG OTOGTAGELS KOL VO GTPEPOVTOL EVAVTLO G€ TABOLOYIKES
KOTOOTACEL, eKQPPAlovv BepamevtiKd yovidle Kot oamokpivoviol cto onueion mov
avakaTeLOLVOLV T SLAPOPOTOINGT] TOVG GE EAATTOUATIKES YEVEES. AVTO onuaivel OTL
To BAOGTOKOTTOPA UITOPOVV VO YPNCIHLOTOM OOV GTNV KLTTOPIKT OVTIKATAGTAOT] MG

OepamevuTikd PHEGO Y10 TOV TEPLOPIGUO TOV EMTTMOGEDV TNG YNPAVOTG.
4. AvavEé®ON TOV 0VOGOTOU|TIKOD GUGTILOTOS

210 mePLocOTEPA €101, CLUTEPIAOUPAVOUEVOV TOV aVOPOTOV, TO UETOYEVECTEPO
otdo TG {mng mapovcstdlovy PEI®ON NG GLVOAKNG SLUTHPNONG TOV OPYAVIGHOV
Kot gmakorlovdn efacOévnon g vyelag. Avtd 1oydel emioNg Yo TO. OLLOTONTIKA

CLOTNHUOTE, OTA Omoio. M ynpavon oyetiletor pe v avénuévn evoicHncio oe
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apaToloyikég Kakonbeleg kot dAieg mobnoews. Ta oypomomrikd PAoactoxvTTapa
AmOTEAOVV GLVEYN TNYN TOKIAW®V AEUPOKVTTAPMV KOl LVELOEODY KVTTAPWV, AId TNV
PO avantuén €wg 10 ynpag. Ta apoceaipio givar vrevbuva yio v OlopKn
GULVTIPNOT] KOL TNV 0VOGOTPOSTUGio KAOE THTOV KVTTAPOL. AVTd £XEL OG OMOTEAEG LA
TOL QLLOTTOUTIKA PAOGTOKVTTOPN VO TOAPAYOLV OIGEKATOUUDPLO VEX ALLOGPaipla KAOE
opo. Ze mAnBvoulokd emimedo, Ol TPOGUPUOCTIKEG OVOGOAOYIKEC OTOKPICES TV
NMKIOUEVOV 0TOU®V TapoLGtalovy KaBuoTtépnon. MeAéteg oXeTIKA LE TN SldIKaGio
OYNUOTICHOY  TOV  Oloc@alpiov  domictooay 0Tt 1) YAPAVOY  UEIDVEL TIC
TPOGUPUOCTIKEG OVOGOAOYIKEG OMOKPIGELS KOL TOL CLOTOTIKA TMOV OUOKVLTTAP®V,
oomydvtag o€ avEnon g ouyxvoOTNTOG EUPAVIONG MLEAOEWOV  acOevelmv,

CLUTEPIAAUPOAVOLEVOL TOL KAPKIVOL.

H avavémon £€yet og otd)0 vor avoaoTpEyel T yNpovon kot Oxl omAdS vo TV
kabvotepnost. Mmopel va  emtevyfel pe MV OvVOOLGTOCT, TOV  EVOOYEVMV
OLLOTOTOMTIKOV  PAOCTOKVTTAP®OV 1N HE TN UETOUOGYELSYT  TOALOVVOU®V
OLLLOTOTOMTIKAOV PAACTOKVTTAP®V, TOL GLVHOWS GLAAEYOVTOL OO LVEAD TOV 0GTMV,
TO TEPLPEPIKO aipa 1 TO aipa Tov opgoaiiov Ampov. H eappoakoroykn pbbuion towv
amopLOUIGUEVOVY TTOPOYOVI®MV €lval L0l GTPOTNYIKY] TOV GTOYEVEL GTNV OVOGVGTOOT
tov gvdoyevav HSCs. Tlpog 10 mapdv, avtdc o tomog Oepanciog €xel emtvuyet povo
pepikn avavéwon. I[Iponyodueveg peiéteg amddeiEng g Bewpiog €detéav Ot M
poBuion g y\pavong towv HSCs propei va enttevydei eréyyovtag tov mMTOR (otdHyo
™ME PATApVKiVIG oTo ONAaotikd) Kot v mpmteivn cded2 pe ) ypnion eéwyevov
napayoviov. H Tpdcpatn xpnon vEmv evacemv 6€ ynpotodg TOVTIKOUS Ayplov TUTOL
YL TV OTOUAKPLVGT] TOV YNPOLDOV KLTTAPWOV £YEL OOMNYNOEL GTNV OVAVEMGY TMV
OLLOTOMTIK®V Kol HOTKOV PAAGTOKLTIOPOV. AVTO OMOOEIKVVEL TEPUUTEP® TNV
OMOTEAECUOTIKOTNTA TOV EVIIAIKOV PAACTOKLTTIAP®V GTNV EMLTVUYY| AVIILETOTIGT] TOV
emmtdcemv TG ynpavons. Katd t dekaetio tov '80 kou 11 apyég TG 0EKAETIOG TOV
'90, o1 mEePLOCOTEPEG EPEVVEG GYETIKAL HE TN XPNON OAAOYEVAV OULOTOTOUTIKMV
BAactokvttdpv Yoo T Bepameio opOTOAOYIKOV KokonOewwv mepropilovtav oe
veapolg acbevelg. Tnuepa, M UETOUOCYELGON OUUOTOTOMNTIKOV PAOGTOKLTTAPW®V
Oewpeiton dpun TEYVOAOYIOL KO TOPUUEVEL IO OTOTEAECUATIKY HEOOOOC Yo TN

Bepaneio aoBevdv TOV TOPOLGIALOVY AUATOAOYIKE GUUTTOLOTA.

24



5. Kapowkn avavémon

Améyovpe axoOun MOAD omd WO OPIOTIKN) TOGOTIKY HETPMNOT TNG KAPOOKNG
avavémonc. Qotdco, £xel Yivel TEAMKAE amodeKTO OTL TOL KAPIOULOKVTTOPA UTOPOHV
vo avamhootodv petd t yvévvnon. [Hopdio ovtd, o Oppa KopdOPLOKOTTOPO
TaOOLV VO OTOTEAODV HEPOC TOL KLTTOPIKOL KUKAOL OUEC®G petd amd avtiv. O
UETOPOAICHOC TOVG ommatel T GLUPOAN TOV AVAOPIU®V KLTTAP®V, TOV ATOTEAOVV
SLPOPOTOINGN TOV KAPIOKDOV PAACTOKVTTAP®V, GTN GUGTNUOTIKY OVTIKATAGTOO)
TOV UUIKOV KLTTapoV. Qo1060, ot ynpotoi PAACTEG Kol TO KOPIIOUVOKLTTOPO
GLYKEVIPOVOVTOL GTO HLOKAPIO TOV NAKIOUEVOV acBevdV pe cofapn CLGTOAIKN
dvorettovpyia. Ot acBeveig pe coPfapn amoppaktiky kapdlonddeia, mov Tpokoieito
amd TN OTEVOON TV OPTNPLOCKANPOTIKOV TAMK®OV, Tapovctdlovv peiowon g
AELTOVPYIKOTNTOG TOL 16TOD KOLU TOV KUKAOQOPOUVI®V AYYEWK®OV PAOCTIKMOV/
TPOYOVIKOV KLTTAP®V (VItevBuvev yio v amokatdotacn g PAAPNG TV 16TOV).
AVTO  €xel 0OMYNOEL OPIGUEVOVLS EPELYNTEG OTN  YPNON NG  UETAUOGYELONG
BAAGTOKVTTAPOV OC PEGO Yol TNV OVATANGT TOV KOPOOKOV 1GTOV, Lo Oladtkacio

YVOGT OC OVAVEMCT] TG KOPILEG.

Ot gpeuvnTég KATAPEPAY TPOCSPUTO VAL BEPATENGOVV KOPIALYYELOKES TOONGELS, LE TN
YPNON EVOALOKTIKOV HEOOI®V TNG aVOYEVVNTIKNG ATPIKNG. ZuoTnukés Oepameieg,
oL TEPAAUPAVOVY TN POPUAKOAOYIKH OTOUAKPVVGT] TOV YNPUIDOV KUTTAP®V,
avacTéAAOLY TIC 000V emPiwong kol avti-amdntmong tovs. H emavagopd evog
VEOVIKOU UIKPOTEPPAAAOVTOG HECH TNG XOPNYNONS CLGTIK®OV TOPAYOVI®OV 1 TNG
aVOOTOANG TV 00V petafdileton pe v mAkio. Ouv gpegvvntég éxovv emiong
eetdoel kuttapwkéc Oepameieg, mov meplhapufdvovv TN yopHynon VE®v, VYOV
BAacTOKVLTTAPOV GTNV KOPOE TOL VOGEl, DGTE VO TAPEXOVY TPOCTOCIO. Ao TN
YNPOVOT TOV KAPIIOHVOKLTTAP®Y KOl VO TPOAYOVV TNV KOPOlOKY OTOKATAGTOOT).
EmnAéov, diepgvvnoay Ty ex vivo avavEmoT TOV OmTOKATUCTUTIKOV KUTTAPOV HECH
™G In  VItro QOpPUOKOAOYIKNG mpoemeEepyasiog TV PAACTOKLTIAP®V OV
amopovodnkav omd ynpatd vosovvta (o Kol TG ETaKOA0VONG in Vivo Yop1ynomng.
Avt n pébodoc eiye G oTOYO TNV KOTAGTOAN 1| TNV EVEPYOMOINGN TOV
TPOTOTOCEWMV TOV TPOKAAOVVTAY Al TN dladtkacio tng ynpavons. Amodeiydnke 0t
TOL EMLYEVETIKO PAPLOKO OTOKOOIGTOVGAV, TOVANYIGTOV €V HEPEL, TIG HETAPOAEG OV
oyetiCoviav pe ocvotnukés modnoelg. Mo GAAn pébodog yi v evioyvorn g

AETOVPYIKOTNTOG MNTOV 1 YEVETIKY TPOTOMOINGCT T®V PAACTOKLTTAP®V, OTMOC 1|
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A

vIEPEKPPaoT NG kKwaong emPioong Pim-1 7N g vovkAieootepiving yuu v
avVOoTPOPN NG KLTTOPIKNG YNRpavons. Ileportépm pehéteg €xovv mapovGIAcEL TIC

JUVATOTNTEG AVTAV TOV EVOAAUKTIK®OV OEpATEIDV.
6. AvavEémon 1oV VEVPIKOV GLGTHRATOS

O épevveg ovveyiomkay yio dekoetieg Oempmvtag 0ed0UEVO OTL TO VEVPIKO CVGTN L
TOV eviMKoV Onlaoctik®dv dev gival og Béom va mapdyel véoug vevpaves. 2oTt0OG0, N
TOVTOMOINCT VEVPOYEVMDV TEPLOYDV OTOV EVAMKO EYKEPOAO £xel OONYNOEL GTNV
&viovn evaoyOAnon Ue To medio TG vevpoyéveong otoug eviiikes. Ot meplocoOTEPOL
vevpmveg elvar prtotikol. Koatd v evnlikioon, ta vevpikd PAactokdTTOpO 0pyoD
KOKAov (NSCS) datnpodv v 1KOvOTNTO VEVPIKNG OVATANCNG GE GLYKEKPIUEVECG
TEPLOYES TOV €YKEPAAOL TV OnAactik®dv. H mpokaiodpevn amd v nlwia peimon
00 aplfpod TOV SOPLEOPIKMOY KLTTAPOV KOl TOV VELPIKAOV BAACTOKLTTAP®V
VTOVOUEVEL TNV avamiaon Tov vedpov. H yhpavon tov kevipukolh VeELPIKOL
OLGTNUOTOG GUVOEETOL UE TNV TPOOSEVTIKY] OMOAELN TNG AEITOLPYING TOL, 1| OTOid
umopel va emdevobel amd veupoek@UMOTIKEG acBéveleg, OTmg 1 voésog Alzheimer, 1
dvola, T0 €yKEQOAIKO €melc0d0 Ko 1 vocsog Parkinson. Xg wkvttopkd emimedo, m
YNPOVGT TOV KEVIPIKOL VELPIKOD GLGTILLOTOG GLUVOOEVETOL OO LI GEPE LETAPOADV,
nov mapeumodilovy v kutTopikny Asttovpyio. Tétoleg petaforég eivar to vynAd
emimeda 0EEWDMTIKOV GTPEG KOl 1 0EEWMTIKY PAGPN, Tov oyetiletonl pe TIC TPOTEIVES
kot to DNA. H ynpovon tov kevepikol vevpkoh GUGTHUATOG £XEL EMioNG cuvoeDel pe
tov eEacBevnuévo KuTTaptkd PETOPOAICUO, TO VITOTTPOIOVTA MOV Kol TPOTEIVOV
KOl T GLGGMOPEVCT TEMK®OV TPOIOVTOV NG TPOYWPNUEVNS YAvKoLvAimong. Ot mo
ONUOVTIKES NAKIOKES LETAPOAEC GTOV EYKEPALO OPOPOVV TN YVOOCTIKTY KAVOTITO KO
TNV TAAGTIKOTNTA. AKOUN Kot Otav dOgv mapovsialetal achéveln, n ynpavor pmopel
Vo EMNPEACEL APVNTIKA TN Agltovpyio TV veEDP®V. LTolyEin. TPOCPATOV EPELVAV
VTOOEIKVOOLV OTL 01 JTOPAYES, TOV GYeTICOvVTOL pe TNV NAIKiIo Ko TapovctalovTol
OTO VEVPIKA PAOGTOKVTTOP, LITOPOVV VO, AVACTPOPOVY LECH TNG EMAVEVEPYOTOINGNG
g tehopepdons.  Emonuaivetor €1t 611 Tol ympotd  mpddpopo  KHTTOPO
OAY0dEVOPOKVLTTAP®WV UTOoPoVV Be®pNTIKAE Vo ¥pNGILOTOMBobV Yo va ST PGovV
™V O1d1KaGio avATAaonS TV EAOTPOV TNG LLEMYNG. ZTO EVIAIKO KEVIPIKO VELPIKO
OUOTNUA, 1) ETAVOUVEAVOOT amoTtedel o avBOPUNTN avayEVVITIKY O1001KAGTI0 TOV
AmoOKOOIGTA TNV oY@ YHOTNTO, OMOTPETEL TNV VEVPOEOVIKT EKQVAMON KoL TPOAYEL TN

AELTOVPYIKY] OTOKATACTOGC.
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Ot meplocOTEPEG OO TIG LEAETES TTOL EYOVV YIVEL O TOPA AVEQEPAY OTL 1 KUTTOPIKY
Oepameio umopel va avamANPOGEL TAL YOUEVO KOTTOPO KOl VO TPOAYEL TNV VEVPMVIKY|
avATAOGY, VO TPOGTATELGEL TNV VEVP®VIKY eMPimon, KobdmG Kot Vo S1odpapaTicet
POLO OTNV EMTLYN OVTIUETOTION TNG UOVIUNG TOPAALONG KOl TNG OMMAELNS TOV
aoONcE®V KOl GTNV OOKOTAGTOCT TNG VEVPOAOYIKNG AEITOLPYiNG. ALGTLYMOC, OEV
Exovv PBpebel axdun pnyovicpol yioo Tov LTOAOYICUO TNG BEPATEVTIKNG KOVATNTOC.
[Tponyodueveg £€pevveg emonuaivoov 6Ott ot mbavol pnyoviopoi upmopet va
nepthapPdvouy ta akdAovba: 1) v Tpoaymyn TS ayyeloyEveoNg, 2) TNV EXayOUEV
VEVPMOVIKT Ol0POPOTOINGN KO TNV VELPOYEVEST], 3) TN UEIWUEVN OVTIOPACTIKN
yAolwon, 4) TNV OVOCTOAN TNG OomOTTOONG, 5) TNV EKEPUCT VELPOTPOPIKDOV
Toapayoviov, 6) TG avocopLOUIcTIKEG Asttovpyieg kol 7) MV TPoaywyn TNG
VELPOVIKNG OAOKANpwonc. Ot 000 TPpOTOPYIKEG OTPATNYIKEG OVTIKOTAGTOONG
KLTTOpOV Tepthapupdvouy 1) tn petapodcyevon eEwyevong 16Tod Kot 2) TV £vooyevn
EVEPYOTOINGN TOL KLTTAPIKOV ToAAamAaclacpov. H avtikatdotaon tov yopévov
otV umopel vo yiver pe v Queon  petopooyevon véwv. Ta YEVETIKOG
TPOTOMOMUEVE.  KVTTAPO UTOPOLV  €miong vo  gueutevfodv  yuo v €Kkpilon
napoyovteov mov mpodyovv Vv emiPioon ko / N TOov moAlomiocacpd. To
eCeldwcevpévo  kpomepBAAAOV NG VELPIKNG  TEPOYNS  €EacPOAilet  mv
avtoovavémon kot ™ dtagopomoinon twv NSCs kat kupimg v €16000 TOLE GTOVG
vevpavec. 'Etot, n katavonon tov ueloAoyik®v xapokmpiotik®v Tov NSCS Kot Tov
TpOTOL LE ToV omoio enmnpealovtar and maboroyués PAdPes Ba propovoe va avoilet
70 OPOUO Y10 TNV EKUETAALELON TNG TAAGTIKOTNTOS TOVG, LE GTOYO TNV TPOANYT Ko/

N 1 Bepomeio EKPLMOTIKOV 0GOEVELDV.
7. Avaviémon 1oV apdpiK@v yovopmv

O tpavpoticpdc tov apbpikdv xovopwv amoterel pia e&ovbevotiky mdbnomn, mov
Umopel va, 00MYNGEL GE WVISIGHO Kol 6TV EMOKOAOVOT EMOEIVOOT TOV TEPLUPEPEIOKADV
apfpwdv  empaveldyv: umopel emiong va  meplhapPdver  vroyovople  06Td,
JLEVKOAVVOVTOG £TGL TV avAmTLEN TG ooteoapBpitidac. H €d1tkn odvleon g ECM
TOVG divel 1EMO0ELUCTIKEG 1010TNTEG, Ol OTOIES UE TN CEPA TOVS SLELKOAVLVOLY TNV
opaAn g Aettovpyio. To KoAlayovo givor vOADONG ¥OVOPOG TOL amoTeEAETOL OO
60% yovoporvtTapa (katd ENpd Papog). O wmddNg kot 0 ELacTiKdg ¥OVOpOg givat S0
dAlot TOmOoL, ot omoiot drapépovv ¢ mpog v ECM kot ta KuTTaptKd T0VG GLGTATIKA.

O erayopeves amd v nikio HETaPOAES TV apOpIKdV YOVIpOV TEPIAAUPAVOLY TNV
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EUGAVION  EKKPITIKOV  (OIVOTOIOL OTO  YOVOPOKVTTOPM, TNV gvouchncio twv
YOVOPOKVTTAPMV GTOVG AVENTIKOVS TOPAYOVTES, TIC KOTACTPENTIKEG EMMTMOOCELS TMOV
rpOviov ROS kat 11 yYAvkoluAimon Tev TeEMKOV Tpotdvtwv. AVTd S10Tapiccovy TNV
wooppomio. HETAED NG OaVOPOMKNG dpacTnNPOTNTAS KoL TOV  KOTUGTPOPIKMV
depyacidv tev yovopokvttdpmy. Kobmbg 1 (eEoxvttdpla) ovoio pewdveTal, ot
apBpucol xovopot yivovtol OAO Kot To AENTOL KO 1 EVLOAT®ON Kol 0 aplOpdg Twv
KUTTOP®V TOLG ehatt@vovtol oviictoyya. Paivetor Tmg ot flodpacTtikol TapaKpiveig
napdyovteg, mov ekkpivovtar omd To peceyyvpotikd Proactokvttopa (MSCS),
UmopohV va OpAcoLV  EVLEPYETIKA oTn puBuon Ttov  UKPOTEPPAAAOVTOS TV
KOTEGTPOUUUEVOV 1GTMOV, 0ONYOVTOS GE O €VVOTKES cLVONKeS aviamlaong tove. Ta
LEGEYYVUOTIKA PAACTOKOTTOPO EKKPIVOLV L GEPA  TOPAKPIVOV  TOPAYOVIWOV,
YVOoTOl ®G eKkKpvopevo mpotedpoata. Exktelobhv  pa mowido  Plodoyikodv
AELTOVPYUDV, GUUTEPIAAUPAVOUEVIG TNG AVOGOAOYIKTG PUBUIONG, TNG Oy YELOYEVEDNC,
NG AVTI-OMOTTOONG, TNG AvTIOEEidmoNg, TG EMOTPOPTG TOV KVTTAP®Y GTO. OpyavaL
npoélevong tovg (cell homing) kot ¢ Tpoaywyng TG KLTTOPIKNAG SPOPOTOiINoNG.
Ov meprocotepeg amd TIG UEAETEG TOL £YOVV YiVEL MG TOPO EMKEVIP®ONKAY oTO
KAMvikd o@éAn g Oepameiog e peceyyvpatikd fAactokvTTOP, AVEEAPTNTO OO TNV
YN TOuG, TIG €VOEIEElS N TOV TPOTO YOpPNYNOoNG TOLS. AVLTA Ta KVUTTOPO EYXOLV
ypnoporombetl otnv KuTTOpIKn Oepameio Yo TNV TPOAYWYN TG ATOKATAGTACTG TMV
YOVOPWV, TOV HVAOV KOl TOV 0GTOV. LVAAEYOVTOL GLVNOMG OO TO HVEAD TOV OGTOV
Kot yopaktnpiloviol GOUE®VO [LE TOLG JEYEPTIKOVG TTapdyovteg mov mapéyovy. H
€€1yNoM TOL UNYAVIGLOV, TOV TTPOAYEL TN YPAVOT| TOV apOpPIKdV YOVOp®V, pumopel va
odnynoetl oe Oepameieg emPpAdvLVONG TOV CYETIKOV UE TN YNPAVON UETAROADV 1

TPOUYMYNG TNG AVATAACTG TOV apOpiK®dY YOVOPWV.
8. Avaviémon TOV CKEAETIKOV HVAV

H gfapetikn avayevwntik kavOotnTo TOV GKEAETIKOV HLOV pmopel va omododel
otV omofenatiKy] SeEQUEV] HVIKOV dOPLPOPIKADOV KLTTAP®V, TOL PpickeTon oTnv
TEPLOYN HETAED TV HLGV. AVTA To KOTTOPO VoL OmTapaiTNT Yol TV OTOKOTAGTAON
Kol TNV avamioon Tov poov ko '0An m owdpkewa e (one. [pdceateg peléteg
Eyovv Ogifel OTL KaTd Tn YNPOVoMN Ol KLTTAPIKOL Kol €EMKLTTOPIKOL TOPAYOVTEG
aroppvOuilovtar. H yfpavon cuvoéeton pe TNV TPoodEVTIKT ATOAELN TG AELITOLPYIOG
TV 16tdv. H tehevtaio oyetieton pe ™ pelwon g AEITOVPYIKOTNTAG TOV HOTKOV

JOPLPOPIKAOV  KLTTAPMOV KOl  TNG OULVOAKNG GLUYKEVIPOONG TOV — UUIKOV
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Bractokvttdpwv. H ynpavon tov poov yapakmmpiletor omd v petmpévn ikavotnta
amokaTaotaons. To ynpaid dopveoptkd KOTTOPO TapoLGLALoVV OPIoUEVES EVOEILELg
EVOOYEVMV KLTTOPIK®V HETAROADY OV GyYeTI{OoVTaL IE TN YOVISIOUATIKY aoTdOela, T
BAGPn Tov DNA, v ofedmtikn BAAPN kot v e€acBévnon g Aettovpyiog tv
prtoyovopiwv. Ot petaforég oty opoldeTacn WTopovy vo eENYRoOLV TN HeElmon TG
OVTIOEEIOMTIKNG OPACTNPLOTNTOS, TIG LETAROAES OTNV AVASITAMOT TOV TPOTEIVAOV, TN
LEWOUEVN HLOYEVT] O10POPOTTOINGN KoL TV TACT] ALTAOV TOV KVTTAP®V VoL 0KoAovBoHV
WOPANOTIKEG Kol MmoyeveTikég mopeieg. Mo GAAN evdoyevig HeETOPOAT] TOV
TOPATNPEITAL GTA dOPLPOPIKE KOTTOPA TOV NAKIOUEVOVY Elval 1 avVIGoppoTio. 6TV
TpoTEIVIKY opotdotact. Ta dopveopikd KiTTOpa ennpedloviol EXions amd TO TOTIKO
pikpomepPdArov Kot T cvoTnUky] KukAogopia. Ta 600 tedevtaio pe ™ Gepd TOVG
emmpedlovionr amd 1t ynpavon. Avtd onuaiver 0tL ot PETAPOAEG OTNV ECOTEPIKN
KUTTOPIKT Agrtovpyio Kot 6T1G avayevvnTikég TepPaAloviikég evoeilelg éxovv v
TaoN Vo JTaPAGGouY TN OpAGTNPOTNTO TOV PAAGTOKVTTAP®V KOl VO LELOBVOLV TNV

OVOYEVVITIKT] TKOVOTNTO TV YNPOLDV VDV,

‘Exetr amodeyBel 6t o1 Bepaneiec, mov 6TOXEVOLV GTNV AVAGTPOPY] TOV NAKIOKOV
HETABOA®Y ©TO SOPLEOPIKA KLTTOPA, OTOKAOIGTOOV &V pépel TV  KavoTnTo
avdmiaong tov ynpoudv puikdv Practokvttapov. Ot tpéyovces mpoomddeieg
OTOKATAGTAOTG TOV YNPAULDV SOPLEOPIKMV KLTTAPWOV TEPILAUPAVOLV T YEVETIKT KO
eoppokoAoyikn avactoAn tov pl6INK4a, STAT3 ko p38 MAPK, v avtogayikn
pon kot v emotpdrevon NAD+, dnwg Kot T yop1yNon OPUOVAV Y10 TV OVOVEDGCT)
g o&vutokivng. Ta dopveopikd KOTTOpa ivorl amapaitnTo Yo T GLVINPNON KoL TNV
OOKOTAGTAOT, TOAADV TOT®V EVHAKOL 16TOV OTO TANIGLO OUOADYV QUGLOAOYIKMV
depyaciwv. Eivan eniong anapaitra yio v anodkpion og PAdPeg 1 ot ynpaven. Ot
TPOGPATES £EEMEEL OTNV OMOUOVMOOT] TOV HVIKOV dOPLPOPIKDOV KVTTAP®V KOl GTNV
OATOGOPNVIOT] TOV KVTTOPIKAOV KOl LOPLIKAOV HEGMV, TOL EAEYXOLV 1 dpaAcTNPLOTNTA
T0UG, &yovv deifel OTL tar KOTTOPO OVTE OBETOVY EAMOOEOPES OepamevTIKES
npoontikés. H Paciopévn ota dopvpopikd kdttapoa Oepameio Oa pmopovce va
TEPIAOUPAVEL TNV AUECT] OVTIKATAGTACT] TOV KLTTAP®V N TNV avATTUEN QapUiK®mV
Y10 TNV EVIGYLON TOV EVOOYEVAV UNYOVIGLAOV LVIKNG amoKatdotaons. Ta dopupopikd
KOtTopa etvar évag mANOLGUOC PEYEA®MV avVOYEVVITIKOV KLTTAp®V Tov PplokeTot
OTOVG EVIAMKOVG OKEAETIKOVG UG Kot givar og B€om vo vrmootnpi&el moALomA0VS

KOKAOVG OVATAQONG TOV OPUOV HUIKOV WdV. Avtd T KOTTOPO OITOTEAOVV
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embountd pé€ca Yo TV AVILETOTION TG coPapng puikng dvotpopiog Duchenne kot
AV oyeTikov datapaymv. TIponyodueveg perétec éxovv deiEel O6TL TOLAQYIGTOV
HEPIKA OO TO LKA SopLEOPIKA KOTTOPO €UPAVICOLV YOPOKTINPIOTIKE TV
BAactokvTTAp®V, OTOC 1N ovToavVaVE®SN Kot 1 dtapoponoinon. H petapdoyevon
QLTOV TOV KLTTAP®V GTOVG KOTEGTPOUUUEVOLG 1| OTPOPIKOVS (¢ Bo. umopovoe va
TOPAYEL LOVILOL YOVIOLOKGL OvTiypopa, Gyplov TUTOV, aVOEKTIKA OTIS aoOEVEIES, e

dVVaATOHTNTO EVEOUATMOONG GTIC VITAPYOVGES UVTKES TVEC.
9. Xvpnépacpo

Kot v tedevtaio dekaetio, o1 epeLVNTEG £YOVV GNUEIOCEL TEPACTIO TPOOOO GTNV
KOTOVON O™ TNG YNPAVONG TV PAAGTOKVLTTAP®Y Kol TOV LOPLUK®V UNYOVIGLOV TOV
vrootpiCouv  avty 1 Swdwaocio. [Iponyodueveg peréreg kot OOKLUES
LETAUOGYEVLONG £XOVV EVTOTIGEL TO. EEMTEPIKA GTOXEID KO TAL ECMTEPIKA GVGTATIKA
avtioToryo, To omoia TPOKaAOVV TNV NAklakd e€aptdpevn peiwon Tov aplfpol Ko
™m¢ Asttovpyiag Tov Practokuttdpov. Avti 1 peiwon umopel vo amodobel otig
HETAPOLEC TNG €0MTEPIKNG 0000 T®V KLTTAPMOV Kol TOL YOpw mepPdiiovtog. Ot
avayevwntikég Oepameieg emikevipovoviar oto PAocTOKOTTOPA KOU GE  GAAAOVG
napdyovteg mopdrtaocng g {ong oe po mpoomdbel vo avactpagel n ynpovon.
[Tpémer axoun va die&oybovv KAVIKES SOKIUES Yo vo, KaBoPIloTEL EGV TOL YEVETIKMOG
EMOVOTPOYPOUUOTICHEVE PAacTOKOTTOPA KOBVGTEPODV TN YNPAVON KOl EVIGYVOLV
mv avanioon. EmmpdcBeta, mpémer va Oevkpiviotel edv tehkd eykpivetan 1
€PapLOYN TOV PAAGTOKLTTAP®OV ot Ynpotd dtopa. H ex vivo yevetikn tpomomoinon
TV PAacToKLTTAp®V Umopel emiong vo amodelyfel amOTEAEGUATIKY] CTPOTIYIKY Yol
v avovéwon ToAadtep®v  PAACTOKVLTTAPOV KOl VOGOLVTI®V opydvev. Ta
BeAtiopéva TPOTOKOAAN OVOVEDGNS TOV YNPOLOV PAAGTOKLTTAP®V Ba PITopovGaV Vo
oLUPBEALOVY GTNV KOADTEP TPOETOUACIO Kol KAMVIKY EQOPLOYT TV GLAAEYUEVOV

amd yNPoovg 16TovE PAACTOKLTTAP®V, ALY KO TWV TPOIOVTW®V TOVC.
YOYKPOUGT CLVRPEPOVTOV

Ot ovvtdkTeg ONADOVOLY TS dEV LITAPYEL GVYKPOLGT CLUPEPOVTMV.
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5. Xyohaopdg

5.1 Xroyeia TpOTOTLVTOV KEWUEVOD

Apycd, Tpw TV peTdepacn gival omapaitntn 1 avIAVoT TOV TPMTOTLITOL KEWEVOL
(MOOTE VO, TPOGIOPIGTOVY T, PAGIKA TOV GTOLYEI KOl ALTA TTOV TPEMEL VoL OlaTnpnBodv
070 petdepacua. Me avtodv TOV TPOTO SIELVKOAVVETOL 1 LETAPPACTIKY O10OTKAGT0L Ko
T0 OmMOTEAEGUO €ivol O OCQOAEG. XTo. TAGICIOL TNG OVOAVONG KEWEVOV YiveTal
avagopd oty mpotacn tg Nord, 1 omoilo ETIKEVIPOVETOL GE £VOL UETAPPOAOTIKA
TPOocavatoAlouéVo povtéro. EEetaletl ta eEwkeuevikd ototyeia, mov oyetiCovral pe
TO GUYYPAPEN, TO AVAYVOCTIKO KOWO, TOV GTOY0 TOV TPOTOTOTTOV, TO LEGO UEGH TOV
omoiov Kowomoteital 1o Keipevo, kabmg Kal To yopoypdvo. AkOUN acyoAeital pe ta
EVOOKEIEVIKA oToyeia, ovoaeopwkd pe To Oepatikd medio Tov KeWévov, TO
TEPLEXOLEVO TOV, TIG YVOOTIKEG TPoUMOBESES amd HEPOVS TOL GLYYPOUEED, TO
YAooowkd yopoakmnpotikd, k.4 (Kapdvtloin, 2007). Ta mapondve otoyeio

EVIOTIOTNKAV GTO TAPOV TPMOTOTLTTO KEILEVO KOl GYOAIACTNKOV OVTIGTOUYO.

To mpog petdppaon keipevo ovoktOnke omd TNV 10TOCEAIDO TOV OKOSNUOTKOD
EKOOTIKOD 0ikov Scientific Research Publishing

(https://www.scirp.org/Journal/Paperinformation.aspx?PaperID=87258). Xe¢ avtiv

dnpoctevovTal TEPLOOKA Kat BiAio Tov apopovV Kupimg TOVG TOUEIS TG TEXVOAOYinG
Kol TG emotnuns. Baowkd yopoakmpiotikd g eivor n wopoyn eAevBepng tpdsPfaong
oe 6ha ta dnuoctevuéva apbpa. To e&etalopevo keipevo €xet titho “Therapeutics of
Stem Cell Treatment in Anti-aging and Rejuvenation”, dnpocievtnke tov Ampiiio tov
2018 ko avnkel otov Topéa TG Prowatpikng. Ot cuyypaeig Tov glvar dVO ePeLVNTEG
0V ydpov (Da-Chuan Yeh, Tzu-Min Chan), ot omoiot cuvepydotnkav pe to I'evid
Noookopeio Buddhist Tzu Chi kot 1o IMavemotjuo Taiwan Shoufu, oty Taifav.
[Tpoxertan yoo apBpo, Kabdg mépa amd 10 ATl €ivor ONUOGIEVUEVO GE TEPLOJIKO KOl
dwBétel TitAo, T0 BENA TOV ONADVETOL LE CAPTVELN GTY] GOVOYT], EVD GTI GLVEXELN
axolovBel oyetikn avaivon. Emmdéov, yivetor avagopikn yprion g YA®csag (m.y.
This would mean that MSCs may contribute to organism aging...) &v® TO
nwepleyopevo  givon  emotnuovikd. Edwotepa, mpaypatedetor moapdyovieg mov
emnpealovy apvnTikd tov apBud Kol T Aettovpyio TV PAOCTOKLTTAPOV (T.X. 1
ynpovon), kafdg kot peBdd0Vg TPOKANGNG TG VTONVAVEMGNG Kot dl0pOPOTOINGNG

ToVG. AKOUN, avaeépeTan otn dvvatodHTNTa v aSlomomBovy HEc® TS CLAAOYNG Ko
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HETOUOOYEVONG TOVG O TPOPANUATIKEG TTEPLOYEG TOV OPYOUVIGUAOV. AVTO €xel MG
amotéleopo T Oepomeio acbeveldv aAdd Kot TV KatamoAéunon g ynpavons. o
TN HETAPPOACT] TOV KEWWEVOL TTPEMEL VO, OPLOTEL Kot 1] YAWOGIKT TOKIAMo Kot To €160¢
T0V pe Bdon v Aettovpyio mov emiterel. Kdtt t€to10 givan onpovtikd koupimg 6tav to
TPOTOTUTO KOl TO HETAPPACUO  EMTEAODV TNV 1dw  Asttovpyia, OM®G o1
OLYKEKPIUEVN epyacia. AAAmote 10 100G Tov kabopilel T peTaPpacTik) pEH0SO.
SOUQmVO e TNV KOTNYOPLOTOINoT TOV KEWEVOV GE TANPOPOPLOKE, EKOPUCTIKA,
TPOTPEMTIKA KOl OKOLGTIKO-UEGIKA Kotd v Reill, 1o mapdv keipevo avikel otov
TPOTO TOMO, KOOMDC omoTtelel emMOTNUOVIKO APOPO Kol GTOXEVEL OTNV  OMAN
napovcioon oedouévav. H didotoon g yA®OoOC TOL YPNCLOTOLEITOL Yol TN
HETASOOT TV TANPOPOPIOV Elval ovapoptkt] Kot To Bépa arotelel 10 KOPLO GToLXElO
oto omoio eotdleton 1 emkowvwvio (Munday, 2004). £16x0¢ tov givar 1 TEPLYPAOT|
Kot TPo®Onon v epeuvnTikOV eEgliéewv 610 medio g Proloyiog Kot TG TPIKNG
o€ TOYKOGUO EMMESO KOl 1 EVNUEPMON TOL OMOOEKTN Yo mOAvY] LEAAOVTIKN
EQOPUOYYT TOVG. AmevBOveTaLl GE EUTELPOVS OVOYVAOOTES, KLPIWG ETICTUOVES, TOV

SBETOVV TIG YVMGELS Y10 TNV KATOVONOT dLTOV TOV EEEIOTKEVUEVOD KEYLEVOU.

Emunpdobeta, avarlvovrag to keipevo oe AeEloyikd eminedo eviomileton opoioyia
(m.x. neuropathy), dnAaodn €06 AeEIMOYI0 OV OVIKEL GE GLYKEKPLUEVO OgpoTicd
nedlo. H Omapén tov amodewvidel meportépm to yeyovog OtL mpdkettar o Eva
eEE1OIKEVUEVO  KEIUEVO TOV  EMOTNUOVIKOD TOUEN, TOL  OOUTEL GUYKEKPIUEVT
avtipetonion. Eva axoun yopaktnpiotikd mov mpénel va Aapfavetot vwoyn eivol to
VQOG, T0 0moio TPOGOIOPiLleL TN GYECT TOV GLYYPUPEN LE TO AVOYVAOGTIKO TOV KOWO.
H avayvaopion tov Ypovg tov TpOTOTOHTOL KO 1] HETAPOPE TOL GTO UETAPPAGLLO
arortel amd 10 PETAEPACTN VO TPOoPel 0TI KATAAANAEG emA0YEG og Aehoykd Kot
OUVTOKTIKO €MimEd0. AVAADOVTOC TO TPOG UETAPPAOT) KEILEVO SOMIOTOVETOL OTL TO
VEOG TOL &lval EMOTNUOVIKO Kol oLVOETO AOY® NG LIOTOKTIKNG CLVOECNG, TOL
pokporepiodov Adyov (my. Recent advances in our understanding of tissue
regeneration and the development of methods aimed at inducing and differentiating
pluripotent stem cells for cell replacement therapy which provides exciting
opportunities for the treatment of degenerative diseases, such as those related to

senility) kot tov e€elnpévov Ae&ihoyiov (.. mitogen-activated protein kinase).
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5.2 MeTta@paoTikd Tpofipata, 0VGKOMES KOl HETAPPUCTIKES TEYVIKESG

H petagpactikny dwdikacio dev givar amhr vrodeon kot avtd yati T0 TEPAGHO amd
™ YAOOOA-0QETNPiog 6TV YAOCCA-APIENG TPEMEL VAL GLVOOEVETAL OGO EIval EPIKTO
amd TV JSTHPNoN VOGS GLYKEKPIUEVOD VPOVE, 0ALE Kot TV ordO0GT| TOV VONLOTOG
TOV TPMOTOTOTTOV GTO UETAPPacHa. E1dtkdtepa, n HETAPPUOT KEWWEVOV ECTIOGUEVOV
0TO TEPIEXOUEVO TPEMEL TPOTICTMG VO EMOIDOKEL TN SLOTNPNON TNG ONUOGIOAOYIKNG
160dVVOUTOG YOPIG OUMOS VO OALOIDOVEL 7] VO OYVOEL TAL LVITOAOUTO, YOPOUKTIPLOTIKA TOVG
(Munday, 2004). Tétowo keipevo givarl Kot TO0 TPOTOTLTO TNG EPYOUCIAG. XE OULTAV,
Aowov, v ovvhetn JSwdikacioo Topovcstalovial TPOPANUATH KOl OVOKOMES, TIg
Omoleg 0 UETAPPAOCTNG KOAEITAL VO AVTLETOTIOEL pe T Ponbelo TV pHEo®V Kot TV

YVOGE®V OV S1DETEL.

Apywcd, yivetor mpoomdbelo Katavonong g olpopis avAUESH GTO UETOPPAUCTIKA
npoPAnpoTo Kot Tig dvokoAiec. Topewva pe Tov Wilss ot duokodieg ot petdopaocn
OOTEAOVY EUTEIPIKO QOVOLEVO, KOOMDG OVOKOADTTOVIOL TNV Opa oKpPOS NG
HeTdPpaoNG Kot ToKilovy avaioyo pe To TL Bewpel dOVGKOAO O KGOE LETAPPACTIG.
AmO TV GAAN, TO TPOPANUOTO GTN UETAPPOCT E€IvVOL OPICUEVE OVOYVOPICUEVE KOl
OVTIKEYUEVIKA eUmdOlol IOV OVTIHETOTILOVY OAOL Ol UETOPPACTEC Kol oyetiloviot
Kuplog e T0 TPOTHTLTTO. M1 YEVIKT KATYOPLOToiNnon TV SVCKOM®V gival 1 eENG:
dVGKOAIEG TTOV APOPOVV TO KEIHEVO (Tr.). OLOPOPETIKEG OOUES TV dVO YAWMOGMY),
SVOKOATEG TTOV APOPOVV TO UETOPPAUCTY (T.). OVETAPKNG YVOOT NG EEVNG YA®GGWG),
OVOKOAIEG GYETIKEG LLE TTPOYLOTOAOYIKA oTolyEla (.. oTotyeld EVOC TOMTIGHOV) Kot
duoKoMeG oYeTIKEG e VAIKOTEYVIKA péca (.. Ae&ukd, mopdAinia keipeva). Amo v
AN, cvppava pe v Kiovpa (2016) ta mpoPAnuata Katotdocoviol 68 YAOCGIKA
(Ae&hoyikd, ovvtoktikd), eEOYA®OoIKA (TOATIoUIKA, OeloTIKA, €YKVKAOTOIOIKA),
wpoPALate pHeTapopds (OLoKOAES otV ££€VPEST TG OLVOUIKNG 1GOSVVAUING TOV
Nida), yvyopuoioroyikd (a@opodv T dINUIOVPYIKOTNTO, TH AOYIKY OKEYT, K.0.) Kot
EMAYYEALOTIKA  (apopovv TV Tekunpioon k.G.). Qotdco, o 7O  EBIKN
KOTNYOPloToino, mov £0TIdlEl 6TO TESIO TNG LATPIKNG LETAPPOUCNS OTTOJEIKVOETOL TTLO
Bondntikn. TleprhapPaver empuépovg mpoPAnuaTo GYETIKA pe TNV oporoyia, To
APKTIKOAEEQ, T GLVAOVLLIN/ TOVTOCT|ULN, TOVS VEOAOYIGUOVG, TO OVAYVAOOTIKO KOO,

™ doun kot TV 160dvvaLio.

210, TAOIGLOL TNG GLYKEKPUYEVNG €PYACING TOPOVCIACTNKE £vag aplBrds SuoKOMMDY
Kol TPoPANUdTeVY, Tov oPeilovTon Kupiwg 6TO OTL 1] AYYAIKY| Kol 1) EAANVIKY YADGOO
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SlPEPOLY G TPOG TOV  TPOTO  EKEPOoNG o€  AeSIAOYIKO, GLVTOKTIKO Kot
ONUACIOALOYIKO €TIMEDO, AALA KOl GTO OTL TO TPOTOTVTO ATOTEAEL E101KO KEILEVO Kot

dtabéTel oporoyia.

To mpdto TNUO CLUVETDS GTN UETAPPOACT TOL TOPOHVTOG KEWWEVOL EOIKA KOl TMV
EMOTNUOVIKAOV KEWEVOV YEVIKA €fval M KOTavOnom Tov TEPLEYOUEVOV, TPAYLLO TOV
amottel TV amokmwowonoinon tov O6pwv. H oporoyio, onladn n efedievpévn
YADGGO TOL YPNGLUOTOIOVV Ol EXICTHLOVES KOl TEYVIKOL Y10l VO EMKOIVOVOVV KOl VO,
exppalovv Tig 10éeg Kot TG Bempieg Tovg, pmopel va meptlopPdver Aeénpato pe
Aotvikée N opyoieg eAAnvikég pilec, ovviopevpévovg TOTOLS, GLUPOA, K.d.
(Kepapidag 2015, oeh. 31). TToAlég @opéc Aotmdv SLGKOAEDEL TV KATAVONGT KoL
yCoutd mpémel va amokmowonoeitol. Elvar onupoaviikd yio 1o petoQpacty va
KatoAafaivel TIc TANPOPOPieg TOL TAPOLGLALOVTOL GTO WTPIKO KEILEVO, TO 0Ol0 EXEL
KAnOel va petagpdoegtl, Onwg m.y. TOV TPOTO oL ennpedletl o acévela ta dpyava,
T0. GLOTHWATE 1] TOVG 16TOVG. (DAdpoL, ¥.x.) BéPara, yio évav un €01kd dev givon
€0KOAN vodbeon. T cvyKekpyévn mepintwon anottnOnke apket| avalinnon o6to
J1diKTLO Yo TNV €VPECT] KOL ATOS0GN TOV OPOV Kol Tr Ol0GOPNVIOT TOV TOIKIA®V
JEPYOCIDV KOl AEITOVPYIADV, GTIC OTOIEG avaPEPETUL TO TPpwTOTLTO. H amodedtioon
TOVG £YIVE e TNV dNUovpyia vOg YAMGGAPLOv TOL TEPIAAUPAVEL TNV KATOAANAITEPT|
amodoom Kabe dpov kol v mnyn mov mictomolel v a&lomotia tng. [lapdio mov
ToALOl Opol elyav €AMNVIKN TPOEAELON, N OMOJ0CT] TOLG OEV MNTOV OQLTOVONTH.
AvalnmOnkov 660 to duvatdv TeplocoTepeg TNYES (Tapdrinia keipeva, Ae€ukd, Kd.)
YL VoL OLGPOALGTEL 1] EYKVPOTNTA TOV AEEEMV TTOL YpnoipoTomOnkay, Kabdg Onwc
elvalt yvootd 0 TEPACTIOC OYKOG TANPOPOPIDOV OEV TPOEPYETOL TAVIOTE OmO
a&omotovg eopeic (Kepapidag 2015, ced. 153). Avt n dwdikacio foridnoe mold
otV e€akpifwon g onuaciog TV 0pwV, OALL Kol GTN GYETIKY] EPELVA TTOV EYIVE UE

oTOYO TNV KATAVONOT TOV EMIGTNHOVIKOD TEPLEYOUEVOD TOV KEYEVOU.

Qo1660, KaTd TNV TpoavapepHeico dlodOIKAGIN TOPOVGLAGTNKE Ul GEPE EUTOdIMV.
Eivar yvootd 0Tt m ayyAikn yYA®oco mopdyst €01k oporoyic mov apydtepa
petappaletor oe GAleg yAdooes. Ot YA®ooes avtég ouviBmg avITPOS®TELOLY
YOPES LE UIKPOTEPT] TEXVOLOYIKY] KOl EMIGTNUOVIKT OVATTUEN KO KOTA GUVETELD OEV
OUVEIGQPEPOVY OTNV Tapay®myn véag opoAoyiag. To mieovéktnua tov 'EAAnva
petagpaotn €ivalr 0Tt 6 MOAAG emoTnuovikd medio 1 opoloyior €yel eAANVIKN

etoporoyia. TTapdia avtd 1 tayeio avdmtoén tov emotuov g {ong cuverdystol
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Vv avtiotoyn ewcaynyn véwv opwv. Etot, kabiotator avaykaio n dnpovpyia véag
oporoyiog M O EUTAOLTICUOC TNG LRIAPYOVCOC, OAAG Yivetor emiong OVGKOAN 1
amo6d0on ToyloUEVOL yapaktpa otig vées évvoleg (Kepapidog 2015, oer. 59). Amo
™mv GAAN, 1 xpnon g lingua franca, onAadr g ayylikn yAd®coag, aveaptnta amo
™V €0VIKOTNTO, TNV KOTAY®OYT KOl TH UNTPIKY YADOOO TOV EPELVNTAOV, £XEL 0ONYNOEL
toug ‘EAAnveg emotiuoveg oty viobétnorn g vy ) Oonpovpyia véov Opmv
(veoloyiopdVv), KOADTTOVIOG KOTOVTOV TOV TPOTO TIC YAMOCOAOYIKEG TOVS OVOYKES
(PrAopov, x.x.). Ao TAevpdg TOLG dlveTanr EUEOOT OTN CAPN KOTOVONON TNG VEOS
£vvolag Kot Oyl 6TOV EUTAOVTICUO TNG EAMANVIKNG YADGGOS. X€ OPIGUEVES TEPITTMGELS,
OT®G Kol 6T0 ££€TAlOUEVO KEIUEVO, QLT 1] TACT OOMYEL GTN U1 EVPECT AVTIGTOLYWV
EMMMVIKOV  Opwv, &ite Ady®m Tov OTL amodidoviol So@opeTIKA omd Tov KO
eEMOTNUOVO, HE amoTéAecpa vo pnv  €yovv Kabepwbei, eite Adym tov Om
xpnowonowvvtor ot Béon tovg maywwpévolr ayylMkoi Opot. Mg Pdon ta
npoavagepBEVTa, KATOEG QOPEC YPEWUCTNKE M TEPUPPOUCTIKN 1| EAANVOTOMUEVT
eOVNTIKNY amddoorn oyyMkav Opwv. Xto medio g opoloyiag evtomiletar kot TO
TPOPANUA TNG OCLVETELNG OTN XPNOT TOVTOCT|L®OV Opwv, dniadh N arddoor, GTo
OGLYKEKPIUEVO KEILEVO, OYYAMKAV Op®V e SOPOPETIKOVS EVOALOKTIKOVG EAATVIKOVGS
dpovg, ot omoiot Exovv TavtdHoNUN Evvola, Ommg 0 dpog “disease” mov amodidetar gite
g «acBévela, vocog, voonuo» gite o¢ ovvletn AEEN. 'Eva mapormincio goawvopevo
oL Tapotnpeiton €ivor ot TOAAATAEG AmOOOGELS EVOG OPOV OO TN UK YADGGO GTNV
AN, dnAadr| to yeyovdg OTL évag ayyAMKOS Opog £xel 6TO EAANVIKA TOpOmdve omd
o amoddoelg  Oapopetikng  onuaciog  (Kepapidag 2015, oek. 99). Ta
wpoavapepBévta (ntnuaTe TPOKOAOVV GUYYLon Kot YPNLovV TEPUTEP® EPELVAG,
Kuplmg avatpéyovtag o€ TOPOAANAQ KEIHEVO Yoo TNV AmOcO@NVIoT TG XPNOMS

TOVTOCLOV Op@V, AAAL Kot 6€ AEEIKA Y1 TV ETAOYT| TNG KOTAAANANG amdO0oTG.

AALO €va TOAD cLuyvo {NTNUA, TOV OVTILETOTILOVV Ol TEPICGOTEPOL LETOPPOUCTEG KO
TAPOVGLIGTNKE GTNV TOPOLGA Epyacia, €ivar 1 amddoon TV aviporTovVLIioY Kot
Tov tomovupiov. Emkpoatel n avtiinyn o0t 6ca dwbétovv o kabiepopévn
eEeAnviopévn ypaen N por GuyKekpipuévn opboypagia, v dotnpovv apueTapAnT.
Ooa dev dwbétovy kabiepopévn Ypoen ota EAANVIKE | TPOTOYPAPOVTAL, LITOPOVV VO,
JTNPNGOLY TNV TPOTOTLTN YPOPT TOVG GTO AUTIVIKO OAPAPNTO. AvTi 1 dTrpnon
OLEVKOAVVEL TO LETAPPACTT), OPEVOS YTl OgV Hmopel TAVTOTE Vo Elvan Giyovpog yio

TNV TPOPOPAE TOLG KOL OPETEPOL YlOTL M AOTIVIKY] HOPON UTOPeEl €VKOAOTEPO. V.
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avalntOei 010 d10dikTLO Y10 TEPLGGATEPEG TANPOPOPIES. AV, OUMC, ATOPACICTEL Vo
HETOYPOPOVV OTA EAANVIKE, ETIOIOKETOL 1] OGO TO SLVATOV MO OKPPNG ATOIOoT TG

TPOPOPAG TOVS KOl 1] ATAOVGTEPT YPOPT| TOVG.

YvveyiCovtag, yivetal avaeopd e YAMCOIKA CNTAUOTO CXETIKA LE TNV YPOUUOTIKN
kot ) ovvtaén. Xopeova pe tov Fischbach, pepikég popéc vapyovv duckorieg va
LETOPPOCTEL OVTO TOVL QOIVETOL MG M MO OmAN oyyMkn mpotaon. Mo tétoln
OUOKOAIDL OYETIKN HE TN doun NG mMPOTOoNG ovvavtnOnke otovg embeTikong
TPOCOOPIGHOVE KOl TOV  EVIOMICUO TOV Op®V GTOVG OTOIOVS  aVOQEPOVTOL.
AVTIHETOTIOTNKE OVATPEYOVTOS GTOVS YAWGGIKOVG KAVOVES TNG OYYAIKNG YAMGGOS
KOl TPOY®MPOVTOG G€ TPOCEKTIKY oviivon g mpdtacns. Ocov apopd 1™
ypoppotikn, o Valentin Garcia Yebra emkevipdvetor otnv kAion tov pnudtov. O
id1o¢ vrootpilel Tmg dev Eyovv OAEC Ol VOOEVPOTAIKES YAMGGES TO 1010 GVGTNUA
PNUOTIKOV ¥pOVOV, 0ALL Kol OTaV oT0 TAaiclo NG KAlong Toug epeavilovv Toug
id1oug ypdvovg, dev kavovv kowvn xprion avtdv (MratoaAid 2001, ogh. 127). Avtd
etvar éva (immua mov pmopel va Avbel katdmyv katovonong g mpOTacnS TOv
TPMTOTVTIOL KOl TPOOTAOELNS Yio G0 TO duvaToOV o 0pbY| ATOS0GN TOV VONLUTOG

07O HETAPPOGLA KO OYL ATOS0CTG TOV XPOVOL TTOL YPTGLLOTOLEITAL.

AlMo éva ovvnbeg mpOPAnNua, €OIKA o©TO TEYVIKA Kelpeva, &ivor avtd TV
apkTIKOAEE®V Kol TNG amodoons Tovg. H goon tov Ploloyik®dv/ 0Tpik®dv KEWEVOY
elval Tétola pe amoTéEAEGLA VO VTTAPYEL TANODPA HEPYAGLOV, OVCIDV, K.A. OpIoHEVES
(QOPEC 0L ovouacieg avtdv gival paKpookeLels, Tpdayna mov odnyel otn dnuovpyia
apKTIKOAEE®V YGp1v cuvToping Kot EELTNPETNONG TG EMKOIVOVIONG TOV ETIGTNUOVOV.
Baoikol tpdmot avtiletdmiong tovg eivar €ite 1 S0THPNON TOV TPOTOYEVOV, E1TE M
Onpovpyia opkTIKOAEE®V ATO TOVG EAANVIKOVG OPOVG £ITE 1| TANPNG LETAPPAGCT] TOVG,
elte ovvdvaopdg avtdv. O kdbe HETOPPUGTHG TPATTEL OVOAOYD TOV KEWEVOL TOV
dwfétel aALG kol Tov Kool 6to omoio amevBuveral. ‘Etol kol ot cuykekpipévn

EPYOCIO OVTILETOMIGTNKAY OVAAOYOL.

Téhog, a&ilel va onueliwbel wg TpoPfAnuUatiopnos To yeyovog 0Tt Tpémet vo AapfPdvertal
VIOYN TO VEOG OAAL Kot TO EMIMESO TOV AOYOL OV YPNCUYLOTOIEITAL GTO TPOTOTLTO
o€ GLVOVAGUO LE VTO TOL YPNGILOTOLOVV 01 EAANVEG EMGTAHOVEG HETOED TOVG MOTE
va amodidetal avtiotolya oto eAAMVIKO petappoacpo. Koatd ™ petdopacrn tov

eEetalOIEVOL KEYWEVOL YPELAGTNKE VA YIVOUV CUYKEKPIUEVEG ETAOYEG Y10 VL VTTAPEEL
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oePacpudg OmEVOVTL GTOLG OPYIKOVUG CLYYPAQEIS OAAG Kol TOUG OEKTEG TOL
HETOQPAGLOTOS. XTOYOG NTOV TO TEMKO Keipevo va Agttovpyel e€locov uoikd ot

YADGGA-APIENG, S10TNPOVTAG T BOCIKA YOPAKTNPIGTIKA TOL OPYLKOD.

2V mpoondBeld enilvong Tov (NTMUATEOV oL TPoEkLyay, ovalnTONKoY oYETIKES
Oewpleg HETAPPACTIKMOV TEXVIKOV. ApyKd, yivetar ovaeopd o©Tovg Vinay Kot
Darbelnet, o1 omoiot Tapatnp®VTOG To SLAPOPO. PAVOUEVA TTOV EUPOVILOVTOL KOTE TN
LETOQPOCTIKN O1001KOG10, EVIOMIGOV ENTO UETAUPPUOTIKEG TEYVIKEG. ZVVIEAOVVTAL GE
tpio emineda: To AeEIMOY10, TIG GLUVTOKTIKEG OOES KO TO UMVURLAL. Ot «TEXVIKES AUEOTG
petdopaoney meplthapPdvoov 10 0Gvelo  (GUECOG/UETAPPACTIKOS — dOVEIGUOG,
dwtnpnon ayyAkng AéEnc), to éktumo (cHVTAYHO TOL HETOQEPETAL KoTh AEEN &ite
oePOUEVO TOVG KAVOVEG KO TIG SOUEG TNG YADGGOG-api&ems, ite e10GyovTag VEES) Kot
™V KOTA AEEN HETAPPOON. XTIC KEUUECES TEYVIKES) GLUTEPIAAUPAvOVTOL 1) HETATOEN
(aAhayn] «UEPOVS TOL AOYOL» amO TN WA YAMGoH otV GAAN Yopig va aArAlel N
onuaocio),  petatpomnio (aAlayn oKOTIAC 0o TV 0oio, AVTIMIUBAVETOL TO UVUUO O
oAntg kébe YAdocag), N wodvuvapio (ebpeon avarloywv pntev, EKPPAGE®V, K.G4.
AVAUESH OTIS OLO YAMOOES) KOl 1| TPOoApPUOYn (EVPECN OVTIOTOUYNG TOATIGUIKNG
101tePOTNTAG AOY® NG SLOPOPETIKOTNTOG TV dvo moAtoudv) (Kokkivov, 2016).
Axoun, a&iCer va tpooteBovv N petdBeon (amddoon Aegucod 1| dopkod ctotyeiov ce
AN Béon amd Vv avtictoyn Tov Keévov-agetnpiag), N tepippacn (amddoon Hog
AEENG TOL KeWévov-apetnplag Pe TN ¥PNON TOAADY AEEE®V GTO KEIPEVO-APIENG) Kot
N povoreéio (amdooon MOAADV AEEEMV TOV KEWWEVOL-APETNPIOG HE TN YPNOT HIOG

AéENG oT0 Kelpevo-apiEng), ot omoieg avapépovrtal and tov Kpipma (2005).

"Exovtag avoldoel Oewpntikd 6TIC SUOKOAIES, TA TPOPANLOTA TOV TOPOVCIACTIKOV
Kol TG TEYVIKEG EMIALONG Tovg, moapoatifevror Kot GYoAdloviol GLYKEKPUEVA
nopodetypata. Apykd, avagépovtor to tomovouio “Division of General Internal
Medicine and Cosmetic Clinic, Buddhist Tzu Chi General Hospital, Taiwan” mov
anoddnkav «Aevbvvon T'evikng Ecotepikng latpikng ko Koountikng Kivikng,
I'evikd Nocokoueio Buddhist Tzu Chi, Taifdv». Metagpdotnkov OLeG o1 YVOOTEG
oto eMAnVikd A€Eelg, €kTOC TOv OVOUATOG TOv Vocokopegiov. Aev Bewpnbnke
amopOiTNT) 1 EOVNTIKN TOL HETAYPOPT] Kot ovTd Yot TO KEIUEVO OVOPEPETAL GE
eEedkevpuévo kowvd (pe yvmoelg ayyMkov), mov icwg Beinoel va avalntioel to

GLYKEKPLUEVO VOGOKOUEID GTO O100TKTLO Y10 TEPICCOTEPES TANPOPOPIECS.
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EmnpocOeta, duokoAio avIpet®mioTnKe oTNV €MAOYN TG KATAAANANG amddoong
oV Bacikov 6pov tov keévoy “stem cell”. Ewdwotepa, ot mbavég amoddcelc frav
«opyxéyovo KOTTOPOY, «PAactikd KOTTOPO» Kol «PrlactokOtrapor. EmAéytnke o
tehevtaiog O6pog, o omoiog mopovciale ovyvdteEPN YPNON OTA  OLOSIKTLOKA

EMOTNUOVIKA ApOpa.

YvveyiCovtog, mapatibeton n wpodtaon “This approach is a promising strategy for
rehabilitation and reducing age-related diseases” mov petappdotnke «H
ovykekpiévn péBodoc amotedel pio TOAAG VTOGYOUEVN OTPOATNYIKY Yol TNV
amoKatdotaoTn Kol T peimon tov acbeveldv mov oyetifovral pe v nAkion. X
CLYKEKPIUEV TEPIMTMOOT avaKLTTEL TO {NTNUe LETAepaocng Aéemv, ol omoieg o€
opopéva Keipeva v100eTOVV AVTOUATMG TNV KUPLOAEKTIKN KOl TOYUOUEVT] ATOd0CN
TOVG, VA 6€ GAA0 L1IOOETOVV SoPOPETIK 0mOS0CT 7OV TPOKVTTEL VOTEPA OO
apkety okéyn. H AéEn “approach” dev amoddbnke g v evpéwg YVOOTN
«IPOGEYYIOT, 0AAL ¢ «uéB0d0c» A0y Tov M onuacio ™ AéEng aAAdlel oto
OCLYKEKPIUEVO KEWEVIKO €100C. TNV 10TpIKN Ogv YIVETOL aVOPOPE GE TPOCEYYIGELS
aALd og peBddovc. Avokolrio mapovoidotnke kot oto “We also briefly discuss the
neutralizing ability of stem cells and other life extension factors used to treat
conditions of the immune system...”, 1o omoio amoddOnke «Emiong, e&erdlovpe v
cuvtopia TV KavdTTa €£0V0ETEPWONS TOV daféTovV Ta PAOGTOKVTTOPA KOt GAAOVG
wapdyovieg mopdroons g (NG TOv YPNGUYOTOOVVIOL Yo, TNV OVIYETOTION
TPOPANUATOV TOL AVOGOTOMTIKOV GLOTHHOTOC...». H AéEn “condition” cuvinBmg
amodIdETOL MG «KOTAGTACT, OPOG», OALL GTN GLYKEKPIUEVT TPHTACT] LETAPPACTNKE
O¢ «mpOPANuo» Exovtag AaPel voym To VoMU TG TPATAGNS Kot TO OTL GLYVE OE
wTpkad keipeva petappdletor og «achévelio». AvAloyn SVOKOMO OVTILETOMIGTNKE
Kol otnv omdooon g AEEng “intervention” mov LVIAPYEL GE TOAAEC TPOTACELS TOV
TPOTOTOOL. XTO EAMANVIKE amodideton g «mapéuPaon, enéuPaocny». [Hapdia avtd
EYEL oL OKOUT AtOd00T, AYOTEPO O1AOEOOUEVT], TTOV OPOPE TO TEGTO TNG LUTPIKNG Kol
Katé cvvémeln To Kelpevo pov, n onoia eivan «Bepameion. ‘Eva mapddetypo amoteiel
1o “Currently, this type of intervention has achieved only partial rejuvenation”, mov
petappactnke «IIpog to mapodv, avtdg o TOmog Bepameiog Exel emTOYEL LOVO UEPIKN

avVavVEQGT.

"Eva tpoPAnpa wov avikel eniong oto Aeiloyikd eninedo eviomiotnke otnv onddoon

tov “Methylated cytosine is found throughout the genome, mainly in the promoter
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region of housekeeping and developmental regulatory genes”. Ewdikotepa, oyetikn
avalntnon €oei&e 6tt o 6pog “housekeeping genes” eite petappaldtav «yovidla
avopopacy, eite davelldtav tov EEvo Opo kar petaepalotay «housekeeping yovidio.
‘Etol, amoddbnke avrtiotorya «H pebvolopévn kvtooivn Ppioketor oe OAo TO
yovidlopo, Kupimg oTnv TEPLOY-VTOKIVITI] TOV PLOUGTIKOV YOVIdimV avapopds Kot
avamtoEney. Ioapdpoto TpoPANUA TOPOVCIACTNKE KATA TN LETAPPOCT TOL dpov “cell
homing”, yio Tov omoio dev gviomictnke EAANVIKY omdd00n 0VTE Ge AeEIKA, 0VTE GE
oyxetikn avalntnon oto dtadiktvo. Katdmv edpeong g onuaciog Tov HETAPPACTNKE
TEMKE TEPLPPACTIKA KEMGTPOPY] TV KLTTAP®V GTO OPYOVO TPOEAEVONG TOVG», EVA

npootédnke o€ TapévOeon o ayyAkdg Opog Yo LEYOAVTEPT] GOPTVELL.

‘Eva. {mpo mov avikel o€ OPOPETIKT] KATNYOpio KOl TAPOVGLICTNKE GE TOAAL
onueio TOV TPMOTOTOHTTOV €ival 1) ECOAAUEVT] GUVTOEN TOV TPOTAGE®V. AVTO UTOPEL VoL
ocvppaivel gite AMOy® TOL OTL Ol GLYYPAPELS dEV €lval PUGIKOT OJUANTEG TNG Oy YAIKNG
YAOooog, €lte A0y oampocefiog kot un €Aéyyov Tov Kewévov, &ite AOY®
TUTOYPAPIKOV AdBovg. Xapaktnpiotiko mapdostypa ivorl to “Recent advances in our
understanding of tissue regeneration and the development of methods aimed at
inducing and differentiating pluripotent stem cells for cell replacement therapy which
provides exciting opportunities for the treatment of degenerative diseases, such as
those related to senility”. Méca amd TNV TPOCOMIKY HOL YVAOOT Kol gumelpio
dwpbwaca v wpdtaon agapavtag To “which” kol ypnoyonoidvIag To prue e
avaeopikng mpdtacng “provides” wg kvuplo priua g npdtaonc. 'Etot, anodidetar wg
«Ot mpoopateg eEedilelg oty KatovoOnom NG OVATANGNG TOV 10TOV KOl GTNV
avdntuén peboddwvV, mov GTOYELOLV CTNV EMAY®YN Kol TN OlLLPOPOTOiNcN TV
TOALOVVOU®OV  PAOCTOKLTIAPOV Yoo Tn Bgpameio KLTTAPIKNG OVIIKOTAGTOONG,
TOPEYOVY  GUVOPTOCTIKEG  OLVOTOTNTEG YL TNV  OVTIUETOMIOY  EKQLUAIGTIKAOV

acHevel®V, OTMC AVTEG TOL GYETILOVTOL LLE TO YNPUCH.

Yvveyilovtog oto medio ¢ ovvraing, o&ilet va onueiwbel 6011 010 OYYAMKO
TPOTOTLTO YPNOLUOTOLEITOL TANODPO EMOETIKOV TPOCGIIOPICUDV, LE OATOTEAEGLLO VOL
dnpovpyeitor GHYYLON MG TPOG TOV OPO IOV TPOGOOPIfovV Kol KATE GLVETELD TNV
opOn| petdppaon. [pdkettor yro pio Sto@opd avapesa oTny EAANVIKY KoL TNV oy YAIKN
YADGGO, TOL EVTOMILETOL GTO OTL 1) TPMOTN S0OETEL TTOCELS, KANGTOVTAG TTO EUPAVEG

o€ MOV 0po avoPEPETAL 0 MBETIKOS TPOGOIOPIoUOS. XAPOUKTNPIOTIKO TOPAIEYLLOL
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elvar 1o “...cyclin-dependent kinase inhibitor gene...” mov amoddOnKe «...yovidlo

OVOOTOAEN KIVAOTC EE0PTMOUEVNG OO KUKAIVT. .. ».

Emmiéov, AOym tov paxpomepiodov AOYov Tov TPp@ToTOITOL LVINPEE TOAAEG POPEG M
avaykn HeTaepaoNS HoG oyyAKNg mpdtacng o€ dV0 EAMNVIKEG, MOTE VO €lval o
EVOVAYVOOTO Kol Katavontd To petdepacpo. Idwitepn mpocoyn 660nke oty
vonuotikd ko cvvtaktikd opn katdtunon. To “Stem cells are characterized by their
multiple-efficacy and self-renewal capabilities, resulting in progenitor or mature cells
that can repair tissue and retain the characteristics of stem cells to ensure long-term
maintenance of the stem cell pool” pe Pdon t doun ™G EAANVIKNG YADGGOG
petatpdnnke o «Ta Practokvttapo yopaktnpilovtor omd TG SuvaTOTNTEG
TOALOTANG OMOTEAEGUATIKOTNTOS KOl QVTOAVOVEMONG. ALTO €xel ©OC AmOTELECLOL
TPOYOVIKG 1| DPLU KOTTAPO, TO OTOL0, LITOPovV VoL ETLO0PHDVOVY TOVG 1GTOVG Kol VoL
dlTNPovY  TO.  YOPOKTNPIOTIKG TV  PAactokvttdpwv  eaceoriloviog TV

HokpoypOVIa S1aTHPNCN TG CVYKEVIPMONG TV PAOGTOKLTTAP®VY.

‘Eva eniong otoygeio, mov a&iCer va avaeepbet, stvar pun dYmopén dpbpwv ce peydro
pépog tov mpwtotvmov. ['vopilovtog 0Tt n ayyAkn YAGGGo Asttovpyel dlopopeTicd
amo TV EAMVIKY] o€ avtd TO oNUEl0 Kol OTL N TPOTN JiVEL YEVIKO YOPOKTNPL GTO
OVCLOCTIKG pE TNV amovsio TV apfpmv, Tpdyro mov dev oYvEL Yoo TN Oe0TEPT,
BeopnOnke amapaitmtn 1 mTPocHNKN TOLG GTO UETAPPOCHO, OOTE Vo Onpiovpynoel
évo. QUOIKO amoTéLeoU. XapaKTNPoTIKO mapdderypo amotehei 1o “Autophagy
promotes cell survival by helping to maintain cell homeostasis and proper metabolic
functions under conditions of stress...” mov petagppdotke «H avtoeayio Tpodyst Tnv
Kuttopikn enPimon, Bonbaviag 6tn ST pnon TG KLTTAPIKNIG OLOIOCTUCNG KOl TMV
KATOAMNA®V LETAPOAIK®OV AEITOLPYIDV VO GLUVONKES Tieong...». ASloonueiwTo gival
10 YeYovOG OTL 0TS TpoavapEpOnKe N amovsio ApBpwV UTPOGTAE Amd TO OVCLUGTIKA
oTNV ayYAKN YADGGO TOLG O1VEL L0l TTO YEVIKY] SLAGTAOCT), LE AMOTEAECLO, GE KOTOLES
TEPUTTAOGEIS Vo, UMV efvar e0KOAa Katavontd Katd mOco TPEmeL v, amodofodv Gtov
eViko 1 6tov TANBvvTIKO ap1Bud. Eva mapddstypo amoterei n mpdtacn “Tissue can be
transplanted directly in order to replace lost tissue”, mov petappdotnke «H
OVTIKOTACTOON TOV YOUEVOV 10TOV UTopel vo yivel HE TN GUECT) UETOUOGYELOM
VEOVY». XTI CLYKEKPWEVN TPOTOCT MO OvTIoTOYN HETAPPOCN OToV eViKO Oa
pumopovse va Asrtovpynoet e€icov opbd 610 pETAPPOCUO TPAYUO OU®G TOV OEV

GYVEL GE AALEG TEPITTAOGELG.
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‘Eva @Alo {mnuo, Tov TopovGLACTNKE GE EKQPUOTIKO emimedo, evromileTon oTn
epaon “...these cells are a promising therapeutic target”, ¢ omoiag n kotd AEEN
petdppacn oty EAMVIK] YAOOoO Ogv  OmodidEl EmMAKPP®G TO VOMUO  TOV
Tp®ToTVTTOL. T KOTTOpO dev amotelobv Oepamevtikd o©TOY0, CAAL StabéTovV
OepamevTIKEG  TPOONMTIKES, HE OMOTEAECUO  «...TOL KOTTOPO ovTd  OlabéTouv
EATIO0QOPEG BEPATEVTIKEC TTPOOTTTIKES). 2T GUYKEKPIUEV TEPITTMGT TPOTIUNONKE N
TIOTOTNTO GTO TEPLEYOUEVO TOV KEWEVOD Kot Oyl oTig AeEMoYIKEG emAoYES. v 101
katnyopia TpoPfAnpatog avikel ko 1 epdon “These cells are attractive candidates for
Duchenne muscular dystrophy...”, mov peta@paotnke «Avtd to. KOTTOPO OUTOTEAOVV
embountd PEca Yo TNV AVIILETOTION TNG coPapnc Hoikng dvotpogiag Duchenne...».
H Aé&n “candidates” amodidetarl wg et o mAgioTOV (OC «vIOYNELOY. Kdtl T€T010 dev
eEumnpetel 10 TEPLEYOUEVO TNG TPOTACTG TOV TPMOTOTOLTOV KO TIG VONUOTIKES OOWES
™™g eMNVIKNG YA®ooas. 'ETol, Katdmv katavonong Tov Tepleyopévon g, KatéAn&a

OTNV TEPLPPACTIKY OTAS00T «UECH Y10l TNV AVTILETMTION.

Oocov agopd 10 morlvcvintnuévo NTNUE TOV 0pKTIKOAEE®Y, AOY® NG KaBEpwong
™me ayyMkng o¢ lingua franca n petdepacn tovg moAAEC @opég KobioTotor pn
amopaitnt) N un vropkt). ‘Eva amd 1o mopadeiypota, mwov eviomifovior 6To
npotoétvmo, civaw 10 “NAD+” mov avoAvetor oe  “Nicotinamide Adenine
Dinucleotide”. H eAAnvik) amdédoom &ivor «viKOTVOUI0-00EVIVO-OIVOUKAEOTIO0N,
amd TV omoia dgv dnuovpyeitan apkTikOAEED. MoAovoTL eviomioTnke avT 1 €KO0YN,
dttnpndnke o 6pog Tov TPOTOTHTOL, KAOMG TEPAL amd TO OTL TO KOWO GTO OmOoio
amevfOvetar SBéTEL TNV KAVOTNTO OVOYVOPIONS TOL OYYAIKOU OpKTIKOAEEOD,
napoTnPONKe OTL TPOKELTOL Y10 TAYLOUEVO OPO TOV YPNOCLUOTOLEITOL e TOV 1010
Tpomo otnv eAAnvikn Biproypaeia. Tapopoimg avriperoniomre to “mTOR” mov
avolveton o “mammalian target of rapamycin” kot petaepaletor oTtnv €AANVIKY
YADGGO ®C «OTOY0G TNG POTOUVKIVIG 0TO ONAcTIKO». X aLTAV TNV TEPIMTOON,
TEPAV TOL OPOV TOV TPWTOTHTTOV, TPOSTEDINKE GE TaPEVOEST 1| EAANVIKY| AITOd0GN Y10
TEPALTEP® OEVKPIVIOT. ALPOPETIKT OVTILETOTIOT €lyov 01 OPOL TOL AvOAVOVTAY 10T
amd TOVS GLYYPAPEIS TOL TPOTOTOLIOL Kol EMELTA TEPIAAUPAVOVTAV GE TOPEVOEST) VIO
™ Mopen apktikOreEmv Ommg ot “reactive oxygen species (ROS)”, “mitogen-
activated protein kinase (MAPK)” kot “hematopoietic stem cells (HSCs)”. Xt
GUVEYELDL TOV KEWWEVOL YVOTAY YPNOT TOV OPKTIKOAEE®V Y10 OVIIKATACTOGT TNG

TANPOVS HOPPNG. ZE OVTEC TIG TEPUTTAOGELS EXOVTAG LETAPPACEL TIG TANPES LOPPEG
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®G «OPACTIKEG HOPQES 0ELYOVOLY, «TPMTEIVIKY] KIWWACT EVEPYOTOMUEV OO
HITOYOVO», KOl «OUOTOMTIKA PAOCTOKOLTTOPO» Kol £YOVING OOMIGTMOGEL OTL OgV
YPNOOTOOVVTOL EAANVIKA OopKTIKOAEED, StotnpnOnKav ta ayyAikd ce mopévieon
(Yo va umopet va avatpégel kavelg oe ayyhkn BiprAoypaeio) kot ypnoyLoromOnkoy
OTNV GULVEYELD TOV UETOPPAGLOTOS Y0, TV OVTIIKOTACTOOT TOV OVOALUEVOV Op®V
KATd TOV 1010 TPOmMO e TO MPWTOTLTO. AVTO €iye ®C GTOYO TNV MO CLVIOUN
avayvmon Kot TNV amoeuy Tov erovoinyewnv. Téhog, po dAAN katnyopia givotl avt
tov “CpG dinucleotides” a1 “pl16INK4a”, mov amoteAodv ovopocieg kot Oev
avoalvovtat. ITo cvykekpyéva, Katoémy avalnong o€ EMGTNUOVIKEG 1GTOGEAIDES
&ytve  avtinmtd 0Tt ta.  «dtvovkAeotidlew CpG”  agopodv TNV  GOVOEST TOL
vovkieotidiov g kvtocivig (Cytosine: C) kot tov voukAgoTidiov TG yovavivig
(Guanine: G) otv aAAniovyio Tov Bdoewv tov DNA. Avtictoya, to «pl6INK4a»
OVOPEPETOL GE PO TPAOTEIVI] TOL GLUUETEXEL 6T POOLLCT] TOV KVTTAPIKOD KOKAOL Kot
Aertovpyel ¢ avaoToréag Kivdong eEoptdpevng and KukAivn. Me Bdon ta mapardve
OmOTEAECLOTO GUUTTEPAIVETOL OTL OEV LETOPPALOVTOL KOl OTL OTAVTMVTOL LOVALYO GTNV
ayyMkn yAoooa. Télog, a&ilel va yivel avapopd 6e OpIGHEVOLS TAYLOUEVOVS OPOLG,
OmoV, HOAOVOTL UmopohV VO HETAPPACTOVV GTNV EAANVIKY YADGCGO, TPOTIUATOL O
SyAmGGKOG daVEITHOG, ONAAON 1 STHPNON TOV AATVIKOD TUTOV. XAPOKTNPLOTIKA
TOPOOEYIOTA ATOTEAOVY TO, in Vitro Kot in vivo, Tov 1 TnpovvIol utovoto, agol To
HETAQPOGLO ameLOVVETOL GE EMGTNOVESG, TOL TO. YVOPILovV Kol T YPNGLULOTOI0VV

(Kepapidag 2015, oeh. 159).
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5.3 AS10A0YN 61 TOLOTNTUS HETUPPACRATOS

‘Eyxovtag avapepbel ota mpoPAnpato kot Tig AVGES OUTAOV, YiveTon mpoomdfeia
a&lohdynong g mootntog tov petappdcpatos. To petdepacpa €xel cvvtaydet
CUUPMVO, LLE TOVG KAVOVEG TNG YAMooOG apiems kol pumopel va edeyybel wg mpog tnv
0pBOTNTA TOL GE GNUAGIOAOYIKO, DPOAOYIKO KOl YAMGOIKO EMimedo kol va d10pOmOel
HEC® NG GVYKPIONG TOV UE TO TPWTOTLTO, &ite Ywpic avadpoun o€ avtd. Méow
aVTOV TOL eAEYYOL Kabiotatal duvaty 1 a&loAdynon g TodTTAG Tov. ZOUE®VA e
tov Berman m kprtikny Tov HETAQPACUOTOC EUTEPIEXEL TOV Kivduvo AdOovg, apov
QOIVETOL VO OMUaivEL LOVAXD TNV OPVNTIKN TG 0EOAOYNON HECH TNG OVEVPECNG
oQoApATOV. Avty 1 Aoyikny Tydlel amd o YeEYOVOS OTL TO LETAPPUCUEVO KEILEVO
etvat Thvto SeVTEPO WG TPOG TOV YPOVO TOPAYMYNS. L26TOG0, N KPITIKN OV pmopel va
elvar povo apvnrikn. Xt okéyn tov wiov 10 petaepacue givor ard pdévo Tov
amotéAecpo pog epyasiog mov omontel kpiriky). H agoddynon amoteleitor and v
TPOKATOPKTIKY  epyacio  (ovAyvmon UHETAPPOONS, TPMTOTOTOL KOl  CYETIKMOV
KEWEVOV) Kat TNV KaBeantd kpitikn (OTmG vt dtetvdveTol Ypartag) (Mratoaiid
2001, ogh. 122-124). Mg Bdon o TOPOTAVO, GTNV TOPOVGO, EPYOCIN £YIVE AVAYVMOOT
TOV UETAPPACUATOS AVECUPTNTMOG TOL TPMTOTVTOV, MGTE VAL PAVEL OV PEEL PLGIKA
OTNV EAMVIKY] YADMGGO. XTN GLVEXEWD, £YIVE OVAYVOCT TOL TP®TOTOTTOV. 'Exovrtog
onuewwoel to. Pacikd oTolEld Kot TV OV0 KEWEVDV, €mMOUEVO Pripo NTOV M
e€OVUYIOTIKY TOVG OVTITOPAOEST e GTOXO TNV EKTIUNGT TNG TOLOTNTOS TOV TEALKOV

ATOTEAEGLOTOG,.

H cvykexpipévn amostod] NTov apKeETA VTOKEWEVIKN aPoD Ol EMAOYEG, TOL £yvav
KOTO TN HLETAPPAGCT], APOPOLGAV TN OIKT| LoV KPion Kot KOTtd CLUVERELN NTOV SVGKOAO
VO OVTIHETOMIOTOVY VIO  GAAN omTikr). AAAwote, ovvnfwg 1 KPUTIK  TOL
LETOPPAGLOTOG, TEPAY TOV EAEYXOV OO TOV 1010 TO LETAPPAOCTI], YIVETOL OTO KATOOV
1pito (0 omoiog eivar Bepitd va Sabétel yvdon mave 61O avTIKEILEVO Yo £val o
afiomoto amotérecpa). EmmpocOeto, ta kpuipue yio v aflohdynon oG
HETAPPOONG TOKIAOVY, EVD OEV LIAPYEL EOPOUOUEVO HOVTEAO YOl TNV OVOALGN TNG
AOY® tov OTL dev €xel d0bel TOon PapvnTa 6€ AVTO TO YVOOTIKO OVTIKEILEVO GTO
nedio g Bempioc. Zopewva pe tov Berman yuo éva épyo aviloyo 1oV TPOTOTHTOV
TPENEL VO TANPOVVTOL dVO PACIKA KPLTPO: 1) TOMTIKOTNTO TG UETAPPOAONG, TO OV
oniaodn dmuovpyeital £vo TPAyUATIKO KEIPHEVO Kot 0 GERAGUOC TOV TPOTOTVTOV, O

omoiog oyetiletan pe v elkpivela ko v evtipotnto (Mratooid 2001, oed. 201).
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Muw okéun mpocéyyon eivor avt) tov MratcoMd kot XeAld-Maln, m omoia
vrootnpiler 0Tt 1 afloAdYNoY JOUOPPOVETAL YUP® amd 000 AEOVES: OVTOV TNG
pikpodouns  (noppoctvialn, Aegildylo, onuacloloyio) Kot NG UOKPOOOUNG
(mpaypatoroyio, veoroyia). ' dAlovg wvpro {ftnua omotedel 0 OPIGUOC TOV
«AaBovg» kot 0 Tpdmog mov avipetoniletol. To 1010 Adbog, avdroya pe To €100¢ TOV
KEWWEVOV, 0ELOAOYEITOL SLOPOPETIKA Ao Evav €101KO Kol Evav un €0wko. H Bapvtta
1oV oyeTileTon pe To v TO KEIPEVO £XEL GTOYO VAL TPOKOAESEL MGONTIKO ATOTELEG LA,
N va moapovotdost dedopévo ([Momaocmopog, Kpacaddkn & ZeAhd-Mdaln, x.x.)-
Koatavtév tov tpémo, eetdletar av to AaBog eumodilet 11 aALOIOVEL TOV GTOYO TOV
EKAOTOTE KEWEVOL. Xg KAOe TEPIMTMOON, O HETOPPOCTNG TPEMEL VO EAEYYXEL TNV
EPYOCIO TOV OC TPOG TN YAMOGIKY KOl OPOAOYIKY| EXAPKELD KOL TNV TPAYLATOAOYIKN
1oduvapio Hetalld TPOTOTOTOL Kot PETOPPAcHATOS. Opeidel akOun va eAEYYEL av
e&ummpeteitar 0 apykdg 6TOYOG Kot av dTNPEiTaLl T0 VYOG 6To TEMKO KEIPEVO, MOTE
Vo amo@evYEL  OLPOPOTOMGES, Ol OMOIEG OAAOIDOVOLV TO TEMKO TOL €PYO
(ITamaomopog K.4., ¥.X.).- X€ TRV TOL TV Tpoomdbeln elval Pondntikny o cepd
EPOTNUATAOV, CYETIKOV HE TO OV KOTOVONCE TO TPMOTOTLMO KOl HETEPEPE TO
TEPEXOLEVO GTO UETAPPUGLLO, OV TO UETAPPACLA EYEL POT] GTNV YADGGA-GTOYO Kot
elval KaTOAANAO Yl TO KOWO GTO Omoio ameLOHVETAL, OV LITAPYEL CLVEMELWD Kot
axpifela, av evromilovtal Tumoypaekd/ opBoypoaeukd/ ypoppatikd AdOn, av ot
apfpol kol or petproelg petapépdnkav opbd, av ypnowomomdnke n KOTAAANAN

o1i&n o YA®GGa-616Y0, K.A.

Kotd v moapovoa petappactiky owdikacio £ytve mpoomdbeia dotipnong Tov
BacikdV GTOLEIOV TOV TPMOTOTLTOL GTO UETAPPUGLLO LE GTOXO TN ONUovPYio £vOG
KEWEVOL VYNAN G TototnToc. [Tio cuykekpipéva, 1o petdepacua eEokolovdel va gival
apBpo, wabmg owbéter Titho (Ogpamevtikn oywynq pe PAocTOoKLTTOPO YO
avTiynpovon kot avalmoyovnon), 1o BEpa Tov ONAMVETOL 6T cLVOYT Kol ETELTA
axolovBel oyetikn avdAvon. Emmiéov, £xel dwatnpnoet pe axpifeia kol GuvETeln To
e€edevpévo mepleyopevo tov tpwtotvmov. [Hapovoidlet tig e&eri&elc mov apopovV
ta BAaGTOKOTTOPA KO TN GYECT TOVG UE ToV avOpamivo opyavicud. Ocov apopd to
€ldog oto omoio avnkel pe Paom T Aertovpyic TOL, TOPAUEVEL TANPOPOPLIKO KOl
avtd ywri o otdYog TOL glval 1 TAPOLGINGCT KOl HETAOOCN TANPOPOPLDV, 1|
emkowvovia €o0Tldlel 6T0 EMOTNUOVIKO Oépo Kot yIveTol ava@optky] ¥piom g

YyAwoooag (my. ...eEetalovpe €v ovvtopion TV KOVOTNTO €E0VOETEPMOONG TOV
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dwbétovv ta PAactokOTTOPA. ..). AKOUN, e&akolovbel va £xel oOvVOeTO VYOG, TPy
ov @aivetor amd Vv Vmoapén oporoyiag (m.y. vevpoyEéveon) Kol HOKPOTEPIOSOV
Aoyov (m.y. Emiong, efetalovpe ev ovvropio v kavotto €£000eTéEP®ONG TOL
dwbétouv Ta PAactokVTTOPO Kot GAAOVG Toapdyovieg mapdtaong e {ong mov
YPNOWOTOOVVTOL Yo TNV  OVTIUETOTIOT) TPOPANUATOV  TOV  0VOGOTOLNTIKOV
OLOTNUOTOG, TOL KOPSOKOD 16TOV, TOU KEVIPIKOL VEVPIKOV GLOTHUOTOS, TMV
apOPIKOV YOVIP®Y KOl TOV GKEAETIKOV HVMOV). LKOTOG TOV TOPUUEVEL 1] TOPOLGIOOT|
™G BLOAOYIKNG Kol 10TPIKNAG TPOOOOV GYETIKA LE To PAACTOKOTTOPA, EVAD TO KOO GTO
om0l avVaPEPETOL OOTEAEITAL OO KOO UOTKOVE KOl EMGTAUOVES TOV YMPOL 1/Kon
aVOYVOOTEG OvVEEAPTNTOV €BVIKOTNTOG, OV OBETOVY TIG AMOPAITNTEG YVMOOELS Ko
EUTEPIOL YIOL TNV KOTAVONGOT €VOG TETOOL EEEIOIKEVUEVOD KEWWEVODL TV GTOVG
OLYKEKPIUEVOLG TOUEIC. Me anTO TO OE00UEVO YPNOILOTOIEITOL TO aVAAOYO €mimEdO
YADGGCOG. ZUUTEPAGUOTIKG, GOE®OG Kot TO petdopacpo owbétel otoyeion mov Ba
puropovsav vo. amrodofovv mo opbhd, ool Omwg givar ELGIKO Otav dgv GLVAOEL N
WO0TNTO. TOV UETOPPACTH KOl TOV EMCTHUOVE TO €£PY0 TOV TPATOV TOPOLGLALEL
aféPara onpeia, Kupimg 6oV agopd TV arddocN TV OpmV Kol TNV LIOBETNON TOV
avtioToroLv VEOLG. ATd TV GAAN avt 1 afePardtnTa TepLopileTor GNUOVTIKA LE T
xpOVIOL eUTEPIOG OV OMOKTA O UETOPPACTNG, OOYOAOVUEVOS HE TETOOL €Id0VG
keipeva. TIEpav avtov, TIg TEPIGGOTEPEG POPEC KAOE LETAPPACTIG OVOTPEYOVTAS GE
éva ToAoOTEPO KEILEVO OV £YEL LETAPPACEL, GLVEWONTOMOLEL OTL VILAPYOLY GTOLYEIN
nov Ba MBere va aAAdEEL Kot v amoddoet dlapopeTikd. Me Bdon ta mapoandve, To
petdppacpa eivar £va Kelpevo apketd vYNANG TodtNTaG, KabMds PpickeTol KOVIQ 61O
TPOTOTLTO OLATNPAVTAS TO TEPIGCOTEPA OTOLYEIDL TOL (T}, TEPLEXOUEVO, GTOYO,
VQ0GC), OAA SUOPPAOVETAL COUPOVO, HE TIC ETMITOYEC TG YADOOAS-APIENC,

AELTOVPYDOVTOG PVGIKA Y10, TOVS OTOOEKTES TOV.
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6. Toumépaopo
"Exovtag oAoKANP®GEL TNV GUYKEKPIUEVT] €PYACIOL LETAPPAONG TOV EMIGTNOVIKOD
apBpov “Therapeutics of Stem Cell Treatment in Anti-aging and Rejuvenation” kot
OYOMOGLOV TOV TPMTOTOTOV KOl TOV UETOPPAGLOTOS, OOTYOUUOOTE GE OPIOUEVOL
ocvunepdopato. H petdepaon KEWEVOV YEVIKA Kol EMGTNUOVIKOV KEWWEVOV EOKA
etvar o amontnTiky Sadkacio, HOAOVOTL @avtalel amin ota pdtior evog Tpitov.
Koatd v dtudkasio avt) 0 HETAPPAGTNG OPEIAEL VAL OVOADEL TO TPMOTOTLTTO TOV TOV
dtvetar Aapfavoviag vroéyn tov poe TANOdpo Tapayoviov (Ty. TOV GTOYO TOV
TPOTOTOTOL KOl TOV UETOPPAGOTOS, TO OVOYVOOTIKO KOWO) Kol YPNGUYLOTOLDVTOS
Kk@0e péco mov drabétel (m.y. TapdrAAnia keipeva, Evromo/ nAekTpovikd AeEikd, Baoelc
dedopévmv). Etvar BéPaio mog katd v mpoomdbeid tov autr] mapovstalovton
opopéva TPOPANUOTO GE CLVTAKTIKO, AESIAOYIKO, ONUOGIOAOYIKO KOl VOOAOYIKO
eninedo, ta onoio kaAeitol vo Eemepdoet pe Baon v eumelpio TOV, 0ALL Kol KATOLES
OepeMopéveg texvikéc. Ilo ocvykekpuéva, 1 KATovonon 1oV KEWEVOV ToL 0labéTouy
EMGTNUOVIKO TTEPLEYOUEVO KOl 1) adOO0CT TV Op®V amattodv peydin épgvva. Ocov
aQOpA TNV TOWOTNTA TOV TEAIKOL UETOQPACUATOS, M 101 a&oloyeiton pe Kdamolo
Boaocwkd kprtiplo. wov agopodv cuVNO®G TO OV EYEl emTELYTEL O OTOYOG TOL
TPOTOTOTOV, TOCO MOTA EXEL peTaPepBel TO TEPLEYOUEVO TOV, OV £XEL YpNOLLoTOOel
10 KotdAAnAo Veog, k.G. Ev katakAeidl, m afla g petqappoong, ov kot €xet
apeofnmOel  emavelAnuuéveg, mopapével  omovdaion  a@od  oamoteAel  dlawro
EMKOWVMOVIOG OVALEGH GTOVG OLOPOPETIKOVG TOMTIGHOVG. Edwkotepa, 6Tig Hépeg pog
eEartiog TG TPOOOOL MOV CNUELDVETOL GE £EEOIKEVUEVOVG TOUEIC, OIS AVTOG NG
WITPIKNG Kot TG PloAoyiag, 1 HETAPPAOT CYETIKMOV KEWWEVOV TOPOVGLALel Wwaitepn
Mmon. Méoo tov efelifewv o avtég TG emiotnueg £xovv eEnynbel moArd
eowvopeva Tov oyetiovtol Le Toug 0pyavIcHoUS Kat yovv avamtuydel véeg Bepameieg
TOL QPOPOVV TOL KVLTTOPO, TA YOVIOO KOl TN AEITOVPYIN TV 10TAOV. AVTEC £XOVV MG
oTOYO TNV KOTATOAEUNGN OATOPAYDV KOl SUGAEITOVPYIDV TMOV OPYOVIGUOV, OTMG O
TPOVUATICUOC TOV 00TMV, 0 KOPKIVOG KoLl Ol YEVETIKES OVOUOAIES, VD GLVIEAOVV
oV omokatdotoon PAaBodv kot oty avamiaor g emdepuidog (Kepapidag 2015,
oeh. 149). Ola 10 TOPATAVEO UTOPOLV VO YIVOLV YVOOTA OTNV TOYKOCULN

(emoTNUOVIKTY) KOWWOTNTO LECH TNG LETAPPOONG,.
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