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IMPOAOT'OX

H moapovoa dSimhopatiky epyoacio ekmoviOnke oto mAaiclo To0v METOMTLYLOKOD
[Mpoypdppatog Xmovdmv ‘“Tevetikn tov AvOpodmov” g latpikng ZyoAng Tov
[Mavemommuiov Oeccariog vod v enifreyn g Enikovpov Kabnyntprog Kvtrapikng
Buoloyiag k. BapBdapoc Tpoyavd ,katd to axadnuaixd €tog 2016-2017 kot amoteel
BBAoypapikn €pevva OV TPAYUATOTOMWONKE KATO TN OUPKELDL TOV LETATTLYLOKOD
TPOYPAULOTOG,

Ye avtd 1o onueio Ba MBera va EKPPAo® TIC ELMKPIVEIG OV ELYOPIOTIEG OTNV
emPAEmovca kKaOnynTpd pov k. BapPdapa Tpayxavd mov yvopioo G HETOTTUYLOK
eorttpe .OA0 owtd TO YPOVIKO Oldotnuo NTOV TAVTO Odéoiun va aKOVGEL
0o100NTToTE TPOPAN LA TPOEKLTTE KoL Vo, fondnoet yia tnv £yKoupn eniAvcn Tov.

Téhog, Ba NBeAa Vo EVYOPIGTHCM® TOVG VITOAOTOVS KAOMNYNTEG TNG EMTPOTNG KO
O0AOKOVTEG OV KT TN O1APKELN TOV HETAMTLYLOKOD OV BonOncay oI GLYYPAEN TNG
TOPOVCOG EPYNCING LE TNV TOAVTIUN YVMOT| TOV UETEPEPAY GE EUEVA TPOCMOTIKO AL
Kol oTtovg vmolowmovg ovueortntég pov. Evyopiotd v Kabnyntpuo latpikng
l'evetkng k. Aomoacia Toélov mov Mrav kKor 1M vrevbuvn TOL  UETATTLYLOKOD

wpoypappotog kadmg kot tov Emikovpo Kadnynm dappoakoroyiog k. Kov/vo Anua.

Me extipnon
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IHEPIAHYH

To petafoikd cvuvopopo omotehel €vo cOUTAEYHO dTOPOyDV OTTMG ival M
noyvoapkio (Kupiwg OmAMYVIKY), T WOOVLAWOOVTIOTOON, T VLRrEpAMTdUpia, N
dvoMmonpmtevarpio Kot o g tomov 2. o v avamtuén Tov EVEXOVTOL YEVETIKOT
Kot TEPPUALOVTIKOL TapdyovTeg YU anTd TOV AOYO €ival TOADTAELPN 1) TPOGEYYION TNG
HEAETNG TOV UNYOVICU®OV 7oL guBOvovtolr Yo v €UEdvior]  Ttov oAAE Kol M
OepamEVTIKN TPOGEYYIOT] TOV GLUVOPOLOVL.

Ta pitoydvopla amoteAohv To opyavidlo Topay®yNns EVEPYENG TOV KLTTAPOL
HEC® HETABOMK®DOV S10SIKAGIDV TOV TPOYLUATOTOOVVTOL GE OVTA OAAG Kot TO BloAoyikd
POAOL TOL KLTTAPOL OQPOV EUTAEKOVIOL GE OOIKOGIEC OM®G 1 AMOTTMOY KOl 1
ypavon. Avciertovpyio oto putoxovoplo oxetiCetor pe mayvooapkio, UETAPOAKO
oVVOPOUO Kot OafnTn TOmOL 2. AAAAYEG GTO OLVOUIKO TNG UITOYOVIPLIKNG LEUPPAVIG,
peiowon tov emmédov ATP, mapeundoion ¢ Katavdimong o&uydvov Kot petmpévn
Bloyéveon eivor peptkd amd To YOPOKTNPLOTIKA TNG HTOYOVOPLOKNG OLGAEITOLPYIOG.
BéBota, n prroyovoplaxn dvoiertovpyio givor apketd mOAOTAOKN Yioti gUmAEKOVTOL
YEVETIKOL TOPAYOVTES KO ad TO TLUPNVIKO OAAG KOl atd TO UITOYOVOPLOKO YOVIdimpa
KaBmg Kot moAvdpBpot mepiparioviikol mopdyovtes.

O «OpLO¢ UINYOVIGHOS TOL HETAROAMKOD GUVOPOUOL Elval 1 VGOVAVOOVTIGTOCN
mov ovvnbw¢ ocvuPaivel oe peyoAdtepa MAMKlokd AdTopo Kot yopoktnpiletor amd
petopuévn mapaymyn ATP ota putoxovopla, petdpEvn evepydTnTo TMV GUUTAOK®V NG
OXPHOS. Agv givar axdpa Eexkabapo edv 1 dvcAettovpyion Tov Htoyovopiov etvan
AmOTEAEGHO. TNG WGoLVAvoavtictaong N v mpokaiel. ‘Evag amd tovg mopdyovieg
KAEWL TG voovAvoavtiotaong eivar 1 amopHOon Tov PeETafOAMCHOD GE 1GTOVG TOL
elval evaicOntol 6TV WCOVAIVY OTTWG 01 HOES, TO TP KOl O ATMONG 10T0¢. E1dtkotepa
OTOVG OKEAETIKOVG UG petopévn moapaymyr ATP ota ptoydvoplo kot avénon tov
erevBépav prliov ROS odnyolv oe petwpévn o&eldwon tov Mmapmv 0EE®MV Kot avéno
TOUG OTO  KLTTOPOTAQGHO G €Aevbepa  AMmapd o&Eo pe  OomOTEAEGUO TNV
WGOLVAVOOVTIoTAON Kot Tov dtafr|Tn TVTOoUL 2.

[Ipdécearta svprpata delyvouvv 0Tt petwpévn evepydtnta g SIRT3 oto Mmap
TOYOCUPKOV OTOU®V 00NYEL GE VIEPAKETVAIMON TOV UITOYOVIPLOKDOV TPOTEIVOV TOV
cLuPdArel oty ptoyovoplakn dvcAsrtovpyio. EmmAéov dwatpoer mAovcio og Aimn

emdyel v katactpodn tov MIDNA kot oyetiCeton pe avEnomn tov 0&edwTiKob GTPEG GE
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OKEAETIKOVG HUG Kol Mmap Kot emdyst v avénon tov deiktdv tov ER otpeg,mg
Jfadong TpOTEIVOV Kol TG OTOTTMONG.

Ytov Mm®on 16010 TO. Toxovople  eivor amapoitmto Yoo v odvleon
TpIyAkepimy, TV Amoyéveon oAAG kol TV Améivon pEGm NG o&eldwong Twmv
Mrapov o&Ewv mote va moapaybet ATP. H piroyovoploxn oSvcAettovpyio Kot 1
WGOVAVOOVTIOTOGT)  TTPOAYOLV TNV XPOVIOL  QAEYUOVY], TOV  GYNUOATICHO
aONPOCKANPOTIKOV TAOK®OV KOl TNV EVEPYOTOINGCT TOL PAEYHOVOOOVS  LOVOTOTION
Toll-like receptor 2/NF-kB oto povokidttapa 0dny®dvTag o€ Evay @avAo KOKAO HeTa&d
xpoviog eAAeypovng ko mapaywyng ROS. O TNF-a sivot mpo-pAleypovddng mpoTeivn
Kol Toilel pOAO GTNV EUPAVIOT YPOVING PAEYLOVIG G€ TTayOoapKka dtopa. Téhoc, o TNF-
a, emiong, emdyel TNV HITOYOVOPLOKT] OLGAEITOVPYIO LEUDVOVTOG TNV EVEPYOTNTA TOL
ocvumAokov I ¢ alvcidag petagopdc niextpovioy, avéavoviag v mapoaywyq ROS
Kol kotaotpépovtag 10 MIDNA 6g kapdiaKd HuokTTapa.

YKomdg NG epyaciag givol 1 TOPOVGINCT TOV HUTOYOVOPLOUK®DOV TPOTOTOUGEDV
mov cvpPaivovy Katd THV VGOLAIVOOVTIGTACT|, TNV TOYLoAPKia, TOV JlfTn Kol TV
dvohMmormpmtevapio, kabmg kot g enidpaon tov ROS cg avtég T mapapuéTpouvg tov
HETOPOAIKOD GLUVOPOLOV CALGL KOl TNV YPOVIO PAEYLOVT] KOl YIPOVOT) DGTE VO, LITAPEEL
pio mtoAdmAgvpn TPOcEYYIoN TOL UETAPOAKOD cLVOPOHOL oL Ba odnynoel otV

KOADTEPT UEAETT) TOV UNYOVIGUAOV TOV AL Kol 0€ KOTAAANAEG OepamevTiké nefddovGE.

[3]
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ABSTRACT

Metabolic syndrome is a cluster of metabolic disorders such as obesity (mainly
visceral), insulin resistance, hyperlipidemia, dyslipoproteinaemia and type 2 diabetes
mellitus. For metabolic syndrome involved both genetic and environmental factors so
the study of mechanisms is very multifaceted both for the appearance and treatment of
the syndrome.

Mitochondria are both the organelles which produce energy for the cell through
metabolism and, also, cell’s “biological clock” because they involved in apoptosis and
aging. Mitochondrial dysfunction is closely associated with obesity, metabolic
syndrome and type 2 diabetes mellitus. Changes in the mitochondrial membrane
potential, a reduction in the ATP level, the inhibition of mitochondrial oxygen
consumption and reduced mitochondrial biogenesis are some of the characteristics of
mitochondrial dysfunction. The mechanism of mitochondrial dysfunction is very
complex,which includes genetic factors from both nuclear and mitochondrial genome
and numerous environmental factors.

The centerpiece of mechanism of metabolic syndrome is insulin resistance
which frequently occurs in elderly individuals, is characterized by a decrease in
mitochondrial ATP production, a reduction in mitochondrial DNA, decreased activity of
oxidative phosphorylation complexes. It is still unclear whether mitochondrial
dysfunction results from or causes insulin resistance. One of the key factors for the
formation of insulin resistance may be the dysregulation of energy metabolism in
insulin sensitive tissues such as skeletal muscle, liver and adipose. Particularly, in
skeletal muscle, reduced ATP production and increasesd ROS levels lead to reduced
fatty acid oxidation and increased cytosolic free fatty acid levels, resulting in insulin
resistance and type 2 diabetes mellitus.

Recent findings suggest that reduced SIRT3 activity in fatty liver may result in
hyperacetylation of mitochondrial proteins that contributes to mitochondrial
dysfunction. Moreover, high-fat-diet-induced mtDNA damage correlates with increased
oxidative stress in skeletal muscle and liver, which is associated with the induction of
markers of endoplasmic reticulum stress, protein degradation and apoptosis.

In adipose tissue, mitochondria provide key intermediates for the synthesis of

triglycerides and are critical for lipogenesis. Adipose mitochondria are also important
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for lipolysis through the oxidation of fatty acids, which constitutes an important source
of ATP to supply cells with energy. Mitochondrial dysfunction and insulin resistance
promote chronic inflammation and the formation of atherosclerotic lesions, and the
activation of the inflammatory Toll-like receptor 2/ nuclear factor-kB signaling pathway
in monocytes is a central mechanism leading to a vicious cycle between chronic
inflammation and mitochondrial ROS production. Tumor necrosis factor (TNF-a) is a
key proinflammatory mediator that plays an important role in the chronic inflammation
of adipose tissue in obese subjects. It has been concluded that TNF-a also induces
mitochondrial dysfunction by reducing complex Il activity, increasing ROS production
and causing damage to mtDNA in cardiac myocytes.

The aim of this study is to present the mitochondrial modifications that occur
during insulin resistance, obesity, diabetes and dyslioproteinemia as well as the effect of
ROS on these parameters of the metabolic syndrome as well as on chronic inflammation
and aging in order to have a multifaceted approach Of the metabolic syndrome which

will lead to a better study of its mechanisms but also to appropriate therapeutic methods.

[5]
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EIZAT'QI'H

H mopodboo dSumhopoatikny epyocio  elvar  pEAET]  TANPOQOPIOV Kot
AmOTEAECUAT®OV TOV VLEApyovv ot Oiebvy Piproypapio, €xovv Onpocievtel oe
EYKEKPIUEVO EMGTNUOVIKA TEPIOOIKA KOl GAAEG EMGTNUOVIKES TNYEC KOOMG emiong Kot
TPEXOVOEG HEAETEC Ko KAVIKEG OOKIUEG OV GTOYXEVOVV GTO OVTIKEILEVO TOL &ivat:
«MetarrhdEelg og ptoyovoplaxd DNA kot petafoixd chvopopoy .

Ewwodtepog orkomdg g epyaciog elval n mopovsiocn avtdv kot 1 mopdfeon
EMOTNUOVIKOV EPOTNUATOV 7OV 0POPOVV 1O OEHa OAAG Kol TV OCLGYETION TOV
HITOYOVOPIOK®OV UETOAAAEE®Y Kol TOL UETAROMKOD CLVOPOUOVL pHE OAAEG O0OEVELEG
OT®C 0 KAPKIVOG ,VELPOEKPLMOTIKEG acOEVEIES ,O10PBNTNG , KOpdloyyEWKA VOGT LT, ,
abnpopdtwon ,ovcronpotevorpio .Exione kataotdoelg 0nmwg 10 0EE0MTIKG OTPES ,N
ympavon , 1 onOTTOoN , PAEYHOVY| oxetilovtan pe HETOALAEEIS 610 toyovoplokd DNA
QO T, LITOYOVIPLOL ATOTEAOVV TNV KLPLOL EVOOYEVN TNYN €AeV0ep®V dpacTiK®V pimdV
o&vyovov (ROS).

H moapovca epyacio otoyedel emiong ommv kaAvtepn dvvory Kotavonon Tov
HOPLaKoD Kol YeVETIKOV VITOPafpov Twv petarrdéewy oto proyovoplokd DNA kot to
petafoAkd cvvopopo kot Bewpodpe 6t Bo Ponbnoetl vo peretnoovpe KaAvTEPL TNV
oVVOEST TOVG e AAleG acbéveles. Emumiéov gveAmiotodpe 0Tl o T€Toto LeAETn umopel
va. ovuPdAiel Tpog v KatevBuvon g Eykopng Odyveong kot mbavd Bepameiog
acBevelmv mov oyetilovion e TIC MITOYOVOPLOKEG LETOALAEEIS KOl HE TO UETAROAKO
ovuvdpopo. Expetadievopevol Tic oOyypoveg LOPLOKES TEYVIKEG Kol T e£aTOUIKEVUEVOL
Qapuoka €01KE Yoo Tov Kabe acBevny pe Pdon 1o yevetikd tov mpogik.H pedétn tov
prroyovoplakod DNA kot tov petodddéemv mov epgovifovior oe avutd €xel MoM
OTOGYOAGEL TNV EMGTNUOVIKT] KOWOTNTa aALG e€akolovBel va amotelel medio Epgvvag
a@oL M LVYNAN HETOAAOKTIKOTNTO TOVL putoxovdplakov DNA kot 1 muovtovopio tmv
ptoxovopimv agnvel TAOVG10 600G Y10 OPKETEG LEAETEG.

To pitoxovoplo amoteAovv éva amd To apyodTeP EVOOUEUPPOVIKG CLGTHLOTO
oT0 EVKAPLOTIKE KVTTOpa. Kopro Asttovpyia toug elvar n mapaywyn ATP péow g
avamvong (aepdprog petafolopoc) Kot AOY® avtod amoTeA0VV 00MYO0 Yl T LEAET TNG
e€EMENG TV gVKOPLOTIKOV KLTTApwV .H guedvion tov pitoyovopiov £ywve mepimov
pwv 2 016. £ amd Vv TEPKOHKA®ON evog a-mpmteofaxtnpiov amd évav Tpdyovo Tov

GLYYPOVOL EVKAPVAOTIKOV KVTTAPOL Kot EToKOA0VON cuuPimor| tovg. [1]
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To avOpodrvo ptoyovoplaxkdé DNA (MIDNA) éyet mAnpogopiec yioo 13
TPOTEIVEG OV €IVOL GLOTOTIKA TOV AVOTVEVCTIKOV GUUTAOK®V T®V pitoxovopiov -1V
Kot €6palovTal 6TV ecMTEPIKT HEUPPavN Tov pitoyovdpiov Asttovpymvtag poll pe tov
kOkAo tov Krebs oty unitpa tov proyovdpiov. H mpoélevon tov pitoyovoplokov
TPOTEOUATOS €lvor po PElEn TOV EVKOPLOTIKOV KOl TPOKAPVOTIKOV TPOTEWVOV. H
avtrypoer] Tov MDNA powdler pe v aviypaen tov Poaktnpiokod DNA ko yivetat
aveEapmra ond Vv aviypaen tov mupnvikod DNA.Agv vmdpyel emdlopbotikn
wKavOTNTAL KOl YUOUTO OLGCMPEDEL TOAAEG HETOAAGEES. Méypt onuepa, £xovv
yvootomomBel  mepimov 50  acBéveleg opeldpeveg oto.  puTOXOVOpLOL
(MitoyovoplomdBeieg) ol omoieg cupmeptiapfavovrol oto LETABOAKE VOO LLOTO.

Me tov 6po petaforkd ovuvopouo (MetS) avoapepdpoote oe Eva cOUTAEYHQ
KATOOTACEDV OTT®G elvarl N avénuévn mieon aipotog, Ta VYNAQ emineda YALVKONG 6TO
aipo, M ocLooOPELGN AoV YVP® Omd TNV TEPIPEPELD TNG MEONG, U1 QUGIOAOYIKA
eMImedn YoANGTEPOING N TPLYAVKEPOIOV KABDG Kol OvVTIOTOON TOV TEPLPEPIKDOV 1GTMV
(Kvpiwg Tov pPLiKov 16T0V) 6TV WGOVAIVY . O GUVEVLACUOS AVTAOV 001 YOVV GE aEN O
TOL KVOHVOL Y10 EKONAMGT] KOPILOYYEIKMDY VOSTIUATOV , EYKEQPOAIKOD ETEIGOSIOV Kot
COKYOPDOOVS daryTn.

Meléteg €yovv Oeilel OTL Ol KLPLOTEPOL TOPAYOVIEG TOL 0ONYoHV GTNV
EUOAVION TOV HETAPOAMKOD GLUVOPOLOL Elval 1 TaYLOOPKIO KOl 1) VGOVAIVO-OVTIGTOON.
nuepa vdpyovv 1 d10. vEpPapa dtopa maykoouiong (BMI>25) evad to moyvoapka
etévouv ta 300 exatoppvpro (BMI>30).H EALGSa givon n mpon ydpa ¢ E.E pe m
HEYOAVTEPN oLYVOTNTA Tayvoopkiag evnAlkov kot dgvtepn petd v Itodio oe
oLYVOTNTA EUPAVIOTG TOdIKNG Tayvoapkiog. Ta kapdiayysiokd voonuota amotelohy
™V TpOTY aitio Bavdtov T6c0 o€ Gvopeg OGO Kol GE YOVOIKEG GTOV SVTIKO KOGUO Kol

akoAlovBei o kapxivoc.
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KE®AAAIO 1

1.1 METABOAIKO XYNAPOMO

To petoforikd obOvopopo eivor €va malh HETOPOMKOV  SATOPAYDV TOV
yapoktnpiletar omd avénuévn mieon aipatog, vymAd eminedo yAvko(ng oto aiua,
OLOOMOPELGOT AMTOVG YUP® OO TNV HEST KOl UM GUCIOAOYIKA emimeda TpryAvKep1dimv
Kot yoAnotepoAnc. Olo avtd av&dvovv katd TOAD TOV KIVOLVO Yo KOpPILyyELKA
VOOT|LOT KOl €YKEPOAKE £Me1G0010 Kabdg kot Yo dwafrtn. O emurolacpog eivar 25%
og avdpec kot 18% o€ yuvaikeg. [33]

Kvprog mopodotnmg tov petafoikod cuvdpopov (MetS) Bempeitor  kothokn
mayvoopkio, kabmg ekkpivovtal kKuttapokives, 0nmg o TNFa mov emodpd otov vodoyéa
NG WGOVAIVIG Kot GLUPBAALEL 6TV dnuovpyio veovAvoavtiotaons. Emmpdcbeta, n
avénuévn  amedevBépwon Mmoapdv o&Ewv odnyel apevog oe  avénuévn ovvBeon
TPyALKEPOIOV Kot apetépov o avEnuévn ovvleon LDL (pukprg mokvomntag
Mmompwteivn) mov gival abnpopotoyovog kot o peimon g HDL (vymAng mokvotnrog
Mmompwteiv) mov elvar mpootatevtikn. O Swfng pe 1 yopic MetS eivar 600
KOTOOTAGEL, 7OV  OlELKOADVOLY TNV  ofnpopatiky owdwkacio. Ot dvo  ovTég
KATOOTAoELS o&uvoviol omd  OlTpoPn 7oL emdyst TNV omeAevBépmon Tolkdv
erevBépav pillov o&uydvov (ROS) amd ta proyovopio. Ttov mivaka 1 @aivovrol to
KPPl ToTomoinong tov UETAPoAKOD cuvopopov cvupova pe tov Ioaykdopuo
Opyaviopo Yyeiogc.

NINAKAY 1.Kpunpia d1dyveoong MetS coppove pe WHO

www.who.int

[9]
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fuepa vrapyovv 1 do. vaépPapa dropo maykoopiog (BMI>25) svo ta
nayvoapka etédvouy Ta 300 ekatoppvpro (BMI>30).H EALGSa ivor 1 mpdTh ydpa TG
E.E pe ™ peyoAdtepn cuyvotnta moyvcopkiog evniikov kot dgvutepn petd v Itaiio
oe ovyvOTNTO EUEAVIONG TOdIKNG Tayvoopkiag. To Kopdlyyelokd VooNHuoTo
AmoTEAOVV TV TPMOTN artiae Bavatov 1000 6€ Avopeg 0G0 KOl GE Yuvaikeg 6ToV dVTIKO
KOGHO Ko akoAoLOEl 0 Kapkivog. Znv ewdva 1 eaivovrtal ta ototyeio omd Epguva Tov
AEENYON Kot apopovV TNV ToLOOPKIK Kol TO HETABOAMKO GUVOPOUO GE Toudld Kot
epnPovg otnv EALGSa evd oty eidva 2 mapovcstdleTal 1 ToayvoupKio Mg TapayovTog
Kvdvvov yio dtdpopeg acbéveteg. [33]

EIKONA 1.TTayvoapkia kot MetS

Efstathiou et al.(2012),Circulation:125:902-910

EIKONA 2.ITayvcapkio o¢ mapdyovtog Kivddvou 6€ dapopeg 0c0EveLEg

Pi-SunyerX.Postgrad Med 2009;121:21-33 Calle EE et al.N Engl.J.Med 1999;341:1097-1105

[Switepn  éupaon  odlvetar  tehevtaion ot obVOESN  QAEYHOVNG KO
WGOLAVOOVTIOTAONG KAOMDS KOl 6T CNUAGI0 EKTIUNONG EWOIKAV TPOTEIVOV PAEYUOVIS
o6mwg n CRP. Mehketwvtag 1o yevetikd voPabpo tov MetS oe épguva 2.058 didvpwmv

avopav Ppébnie yevetikn mpodidbeon oe povoluymtikd didvpa 31,6% Evavtt 63%
[10]
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aVTAOV oL eUPaviCay vEptaot, dwfntn kot mayvcapkio. H épevva oe 236 didvpeg
yovaikeg £€0e1ge KAnpovoulonudtnTo Kot yevetikn mpodidbeon 61% evod yio avtég pe
dwfnn 87% kan pe duvohmdarpio 25%. Mehéteg oe owkoyéveleg g B.Apepikng ya to
petafolkd ovvopopo (803  dropo amd 89 owoyéveleg Aativav) €deigav
KANPOVOLGUOTNTO KOl YEVETIKY Ttpodtdbeon 24%, sppdvion Swoprtn-toyvcapkios-
dvoMmdopiog 44% evod 1 eppdvion veéptoong 20%.

Amd peléteg evpeiog oapwong yovidtopoatoc GWAS ta yovidia mov €yovv thv
peyoAvtepn enidpaoct yo v epeavion tov MetS odrd avtimpocsmrevovy 1o 5-10% g
TOKIAOLOPOLOG TV YOPOKTNPIOTIKOV TOL GLVIPOHOL (To vdAouro 40-45% opeileTon
oe yovidle mov pvOuilovv T emimeda Aumdiov ko mieong) eivor to yovidlo mov
K®OWOTOEL TOV LITOdOYEN TNG HEAaVOKOPTIVNG 4 og TAnBucuovg ¢ Evpdnng kot eivat
pLOUIOTN G ™G 1oppoTiag evépyelag (veppayio Ko mayvoapkia). [2],[3]

Amo peléteg oe mayvoapko movtikia Zucker Bpébnke 6t 10 yovidio FTO mov
oxetileton pe palo Aimovg ko moayvoopkio ,to yovioro MLX1 mov kwowomolel
HETOYPaPIKO Toapdyovia mov puvOuiler v mapaymyn eviOdpmv mov oyetilovion pe
emimedn TpryAvkeP1dimV 610 TAdoHo kKobBm¢ Kot To yovido TCF7L2 mov n ékppaoct tov

emnpedlel v Aettovpyio TV B moyKpeTIk®V KuTtdpov.[4],[5]

[11]
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1.2 AOMH KAI AEITOYPI'TA MITOXONAPIQN

To pitoxdvopla ivol KLTTOPOTAAGHOATIKA OPYOVIdlo TOV EVKOPLOTIKOV KLTTUP®V
OV OmOTEAOVVTOL 0td dV0 pepPpdveg pio eEOTEPIKN Kot Piol ECMTEPIKT EVAD GTO ECOTEPIKO
TV ptoyovopiov Bpioketor n untpo. H ewtepikn pepfpdvn £xet KoAVOPIKO oynuor Kot
TEPLEYEL TIC TOPIVES, TPWOTEIVEG TOL EMTPEMOVY TN O1éAevoT peYdA®y popiov. H ecotepikn
pepPpdvn €xet ovadmA®oelg Kot PEpel ToAvevivpkd cvotiuota (courioka 1-V) ta omoia
gvBvuvovtal Yo TNV 0EEBMTIKY POOPOPLAIMON Kol TV avamvevoTikn oivcido (OXPHOS).
H pntpa givar o ydpog mov mepifaiietor amd v ecmtepikn pepPpdvn kot eéper DNA |
pocopata kKot mroAvdpOua Evivpa.

Ov kOpleg Aertovpyieg tov ptoxovopiov elvar: o petafolMopdg Proroyikmv
paKpopopimv 0T voatavlpdkmv Kot Mmop®dv 0EEmV Kol 1 TOPAy®Yn EVEPYEWS UECH
ovuvBeonc ATP péom g dadikasiog TG 0EEOMTIKNG POGPOPVAMONG TOL EMTEAEITOL GTNV
eomTePIKN puepPpdvn (cdbumroka I-V).

Ta prroydvopla etvar nuiovtdOvopa opyavidte aeov and 115 100 mepimov mpwteiveg
g OXPHOS ot 13 povo k®mdtkomolovvion omd [Toxovoplokd yovidld evd ol VITOAOUTES
KOOIKOTO0VVTOL OO TUPNVIKE YoVidia. [6]

Ta mepiocdTEPO GOUATIKE KOTTOPO TEPLEYOLVV TeEptocoTepo amd 100 proydvopla
avOAOYO LLE TOV 10TO Ko TIG EVEPYELNKES TOVG amontnoels. Kabe puroydvoplo mepiéyet 2-10
puopua dikAwvov kukiikov MtDNA prkovg 16.569 (evydv Pacewmv. To MtDNA amoteAel 0
1% mepinov tov cvvoikov kvuttapikod DNA.To dikhwvo kukiukd MIDNA amoteleitor and
pia Baprd (H) aivcida mhovowo oe G ko pio eAappid (L) mhovowo oe C.Zto MtDNA mov
yaptoypapndnke to 1981 éxet eviomiotel o€ avtd | aAiniovyia 37 yovidiwv. [7]

OMla ta yovidwe rRNA kol mpoteivov Ppiockovtor otnv H olvcida ektdg and to
yovidlo ND6 mov Bpioketon omnv L. Ta dpyia petdypo@a mopdyoviol amd moAVKVGTPOVIKA
petdypapo pe ddonacn tov tRNAS kot emokolovdn moAivadevuriioon tov MRNAS kot
rRNAs. [8]

Amd Vv avdloon g arAniovyiag tov 37 yovidiov Ppébnke Oti ta 22 yovidww
uetaypdoovtor og tRNA , ta 2 og rRNA (16S kor 12S mt rRNAS) kot to. vorouwo 13
Yovidl KOIKOTOWHV TPMOTEIVEG TOV ATOTEAOVV VITOUOVAOESG TOV EVOLIKOD GUUTAEYLATOG
mg OXPHOS (ocbumioxo 1-V). Ot vmopovades ovtég elvar : 7 LROHOVAOEG TNG
apudpoyovaong NADH (coumioko I) , kutdypmpo b Tov cvumidkov 11, 3 vropovadeg g
KLTOYPOUIKNG 0&Ee1ddong (cvumioko IV) kot 2 vropovadeg e ATP cuvBetdong (cOumioko

[12]
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V). To odunroko I g OXPHOS oamoteieiton and 45 moivmentidw ond to omoio to 7
(vopovéadeg apuvdpoyoviong NADH) kwodikoroovvtar amd o MDNA To copmioko II amd
4 molvmentidlo Tov K®dikonoovvtol ord to Tpnvikdé DNA (nDNA) ,to odumioko I amd
11 moAvzentiow mwov 1 kmdwonoteitar omd o MIDNA (cytb) , to odumhoko IV amd 13 ex
TV onoiwv To 3 kKodwornowvvtat ard to MIDNA(COI-II) kot to cvpmroko V and 16 mwov 2
Kodkomotovvtat and to MIDNA (ATP cvvbetdon 6 ,8). Ao ta 5 avtd coumioka povo to |
kot II-V petapépovv mpotovia. Ta copmroka I ko IT ypnoomotovy erafives ko Fe-S.To
ovumioko I mepiéyet kévipo Fe-S,cyt b ko cl. To cdumioko IV mepiéyet 2 kévrpa Cu, Cyt a
Ko a3.

To NDNA mepiéyet ta yovidwa 0805X80, ta yovidia mov KOIKOTO100V TPOTEIVES Y1
T HETAPOAKA LOVOTTATIOL TV HITOYoVOpioV Kabdg kot OAa tor EviLpa oL arottoHVTOL Yo
mv Proyéveon tov PTtoyovopiov cLUTEPIAAUPBOVOUEVEOV TG LUTOXOVOPLOKNG TOAVUEPACTC
G (POLG), RNA moAvuepbone, UTOYOVOPLOK®OV LETOYPAUPIKMOY TOPUYOVI®V, PLBOCOUKOY
TPOTEIVOV K.T.A. XNV €Kova 3 paiveton 1 doun tov MIDNA kaba¢ kot n 8€on Tov yovidiov
EVOD OTNV €1IKOVA 4 QOIVETL 1 YOPOKTNPLOTIKT] OOUN TTOL £XEL TO HITOYXOVOPLO.

EIKONA 3.Mrtoyovoplaxd DNA

https://el.wikipedia.org

[13]
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EIKONA 4.Aopn piroyovdpiov

https://el.wikipedia.org
Ta prroydévopla emrehodv 4 Pooikég Asrtovpyiec o100 KOTTOPO: TOPEYOLV

evépyeln oto kVuTTtapo pe popen ATP, mapdyovv kar pvOuilovv to emimeda ROS,
pvOpilovy 10 KLTTOpOomAacpaTikd Ca’ kol pvOuilovy TNV AMOTTWON PECH TGOV
nopwav. H evepyelokn amddoon Paciletor otnv KotaviAm®on TOL VIPOYOVOL MG
voatdvOpakeg Kot Mmapd 0EEa Ta omoia avTdpovV pe To 0EVYOVO Yo va opayDel vepo
péow g OXPHOS. H yAvkoln d106mdtonr 6To KUTTOPOTAACO GE TUPOCTUPLAIKO 0ED
peltwvovtag 1o kKutropomiacuatikdé NAD oce NADH.

To TLPOGTAPLAIKO EIGEPYETOL GTO TOYOVOPLO KOl HECH TNG QPLOPOYOVAOTG
TOV TLPOCTOUPLAIKOV UETATPEMETOL GE HToyovoplokd akétvAo-CoA, NADH kot CO,
.To axétvro-CoA eswoépyetar otov kOkAo tov TpkapPoéuiikod o&éog (Krebs) mov
OTTOPLAKPVVEL TOL VIPOYOVEL amd To. opyavikd oféa mapdyovrag NADH + H' . Ta Amopd
o&€a 0&elddvovTal TANPOG HEGH GTO LTOYOVOPIO UE P-0EEIOMOT TAPAYOVTOS OKETVAO-
CoA, NADH kot FADH;.

Avo e petagpépovtar and amd to NADH omv agudpoyovéon tov NADH
(cOumroko I). Hiextpovia and to cvumioxo I 1 and to éviopa mov mepiéyovv FADH
ommwg M niextpikn agudopoyovacon (SDH,coumioko II) peidvovv v ovPuovivovn
(ovvévlopo Qio) tehkmg o€ ovPikovvoin (CoQHz ). Ta e amd to CoQH; petagpépovron
dradoykd oto cvumioko 11 (bcl odumroxo) ,cyt ¢, coumioko IV (cytochrome ¢ oxidase
COX) kot tedkd 610 0&LYOVO Yo va ddcel vepd. H gvépyeta mov elevBepdvetor Kabmdg
T0. € PEOVV TPOG TO. KAT® otV aivcida petapopds € (ETC) ypnowomoteital yuo thyv
dvtinon mpotoviov ££m omd TV £0MTEPIKN HEUPPAVN TOL TOYXOVOPIOL UECH TOV

[14]
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ocounAokov LITLIV.

Avtd odnyel oe pio mAexTpoynukn KAlon TpwToviov Tov AETOLPYEL GOV
TUKVOTAG 0 000G gival OEVOG Kot BETIKE QOPTIGUEVOS GTOV SIUUEUPPAVIKO YDPO EVD
etvar Pactkdc Kot apvnTiKA QOPTIGUEVOG OTNV TAELPA TG pntpoc. H evépysio mov
OEGEVETOL GTNV NAEKTPOYNIUKT] KAMOT TPOTOVIMV GLLEVYVOETAL UE TNV LETATPOTY| TOV
ADP cg ATP péom g pong npotoviov péocw ™c ATP cuvBetdong (coumioko V) micw
omv untpa. To ATP g untpog avtadrldocetal pe 1o kKuttoponiacpatikéo ADP péow
ecoueUPpavikav peToywyémv voukAeoTdiov adeviving (ANT). Avty n avtodioyn
umopet vo ypnoomombel yio v gicaymynq mpoteivav kot Ca péco oto pToyovoplo
,mopaywyn Oeppotrog ko pvduon tov pH. H amotedecpatikdtta pe v omoia to
HEpEVO dtontnTikd 1oodvvapa petatpénovtar o ATP péom tg OXPHOS eivan
YVOOT| ®©¢ omoTeAesHaTIKOTTO  ovlevéng.  Avtd  kabopileton  amd Vv
OMOTEAECUOTIKOTNTA LE TNV OTOie TAL TPOTOVIO OvTAOVVTOL €M OO TNV UNTPa. od ToL
ooumioka LI wou IV, tv amotedeocpatikdtnro g pong mpotoviov HEGH TOV
oounAdkov V mov petatpémeton o ATP kol TNV OTOTEAEGUOTIKOTNTO TNG PONG
TPOTOVIOV SOUECOV TNG ECMTEPIKNG HEUPPAVNG Yoo dAAOVS Adyovs. AAAayEG o€
HITOYOVOPlOKES  TP®TEIvEG OAAGlOLY TNV amodoTIKOTNTA 1TNG oVCevéNg otV
OXPHOS.Autd emmpedletl émeita T00 m0cootd TV Oepuidwv mov koaiyovior amd to
putoyovopla Ko yiveton mwapaymyn ATP évavtt tng mopaywoyng Beppotnrog Le cuvEmELn
mv mopaywyn ROS, mpdcinyn Call kot amdntmon. Xy ewdva S tapovstalovtal ot
Baowég Asttovpyieg TOV UTOYOVOPI®V HE OKOTO TNV TOPOY®YN| EVEPYEWNS YO TO

KOTTOPA. [9]

EIKONA 5.Agttovpyieg ptoyovopiov

https://el.wikipedia.org
[15]
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To proydvoplo givar unTpikng mpoéhevong aeod KOTA TNV YoVIHoToinon To
oneppatolwaplon  dev  petafipdlovv To  UITOXOVOPLL TOVG GTO  WOKVTTAPO KoL
TOPOTNPEITOL KATOGTPOPT TOV TATPIKOV HToyovOpimv petd tnv yovyworoinon. Etot to
Luywtd mepiéyel povo ta UNTpKa ptoydvopuo. Kabe dropo kAnpovopet povo omd v
UNTEPOL TOV EKATOVTAOEG YIMAOEC OVTLYPAPO LUTOYOVOPLOKDV YOVIdi®V , OTOTE
petoArdEelg tov mt DNA petofipdlovion povo amd v untépa o€ OAOVG TOLG
amOYOVOLG.

Toa prtoyovoplaxd yovidwo TePEYovy TOAD ALYEG AUETAPPOCTES TEPLOYES OLPOV
nepimov 10 93% tov MIDNA xwdwomolel npwteivec . Emiong ota pitoyovopiloxd
yovidwa dev mepiEyovion vrpovia kot to MIDNA dev cvokevdleton og ypopotivn onote
dev mpootateveTonl amd 10TOVEC.O YEVETIKOG KMOKOG OTA HITOYOVOPLO OPEPEL OE

Kémoo Pabud and Tov YEVETIKO KMOTKO TOV TUPNVAL.

[Mvprvag Mutoyovopia
UGA -Méng Trp
AGA-Arg MéNs
AGG-Arg Méng
AUA-Ile Met

To MDNA  avtiypdeetor aveEapnta amd To TUPNVIKO Kol 0ev OlBETEL
unYovicpovg emotdvpbmone oe mepintmon AdBovg evd mopatnpeitol miong cvuvexns
petaypagn moAlamAwv yovidimv. Emiong m omovoio 1otovdv kot 1 mopoyoyn
erevBepav dpactikdv pldv o&uydvov (ROS) and v OXPHOS éyovv o¢ amotéleoiia
TN oLooMPELST HETOAAGEE®Y oV Tpaypatonoteiton 10-17 @opég ypnyopdTEpL o€
oyéon pe to DNA tov mopnvo.

Yta pucoroywkd dropa 10 99,9% twv popiov tov MDNA eivar TavonodTumTa
(opomAacuia). Edv onmovpynBel dpmg pior véo petdAlaln kotd tnv aviypoer] Kot
KOT ENEKTOCT OTNV HTOOo™M ToL apykol Kuttdpov ta popta MDNA doywpilovior pe
toyaio Tpoémo ota dVo Buyarpikd KLTTOPA OTATE TOPATNPEITOL SUPOPETIKO TOGOGTO
petaAlaypévoy  ptoyovopiov petald tov kuttdpov  (etepomhacpio).H avaroyio
petaAlaypévov mpog euotoroykd MDNA mov petafidler n untépa oe kdbe amndyovo
dwpépet ko kabopiler kot v coPapdta ™ acBévewns. ‘Etol, puntépa pe nma
CUUTTOUATO EVOEYETOL VO OMOKTNGEL amdyovo pe coPapd 1 kaboAov cvurtdpoTO.

Kabdg 10 1060616 toov petorhaypévaov MDNAS avEdvetat 1) evepyelokn andoooT| Twv

[16]
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pitoyovopiov pewwveral. Otav 1 mopoy®yn evéEPYENg €ival OVETOPKNG Yo TNV
(QLOIO0AOYIKT] AEITOVPYIO TOV 16TOV , VILAPYEL £VOL KOTOTOTO OP10 (KATOPAL, 0VOOG) GTO
omoio apyilovv va gpeavilovtol To. GUUTTOUOTO Kot UTopel vo EEKIVIIOEL 1 omOTTMOO™ 1
N VEKP®OT. ZINV EIKOVA 6 ToPOVCIALETOL TO SUPOPETIKO TOGOGTO TWV UETOAAAYUEVOV
HToyovopimv HETAED TOV KUTTAP®V (ETEPOTAAGHI). [10]

EIKONA 6.Eteponiacpio (Bottleneck effect)

Robert W. Taylor and Doug M. Turnbull, Nature Revies,Genetics 2005

AcBévelec mov o@eihovtor oe petaAddéelc tov MIDNA éyovv cuyvotnta
enpaviong 1:8.500 yevvnoelg kot cvvnbog emnpedlovv 16T0VG OV ATATOVY LYNAL
nood evépyelag Ommg K.IN.X, okeAeTikoOg e Kot KopdloKd v, vioidlo moyKpEaTog,
veppovg, mnmap. I[NIBavov vmbpyet évag eldyotoc kpiocog apBpdc  (ovddg)
petoAraypuévov MDNAS ota KOTTOpa TPV EREOVIGTOVV TO. SUCAEITOVPYIES 10TMOV Kol
KMvikd cvuntopata. ‘Exel onpooctevtel peAétn n onoia vmootpilel 6TL 1] cuGCOPELON
eMetyemv oto MDNA oyetiCetan pe v nlkia, kdtt mov Oa avagepOel TopaKaTo.

‘Exovov  avayvopiotel mepiocdtepec  amd 100 avodwrdelg  wor 50
aVTIKATAOTACEL. Ymapyovv 3 Pacwkoi tomot petarddéemv: 1) or petoAhdéelg otig
KOOKOTOVoeS TePoyés yovidiov mov puBuilovv v OXPHOS |, 2) petaAldEelg
avtikatdotoong oe yoviowr tov tRNAsS kot rRNAS mov ghattdvouv tnv cvvBeon
TPOTEVOV 6TO HITOYOVOplo kot 3) avadotdéelg mov Onpovpyoldv erhetyelg M
duhactacpuovg oto MIDNA.Ov onuaviikdtepeg mabnoelg mov oyetilovror pe

HeTAALAEELS o€ Yovidta Tov Kwdkomowvv Evivpa tng OXPHOS oto mDNA gtva:

[17]
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1) Leber’s kAnpovopikn ontikn vevpomddeia

2) Mvokhoviki emiAnyio (MERRF)

3) Mitoyovdpilokn eykeparomdbela, 0E€won AAKTIKOD Kol KOPOOKE ETEIGOOLN
(MELAS)

4) Xovopopo Kearns-Sayre (KSS)

5) Zovépopo Leigh’s

6) Pevpatikd oavtodvooa voonuota (avtodvoon nmmotitida, ofeio avtodvoon

HLOKOPJITION, TPOOJEVTIKN GUGTNUATIKY] GKAYPLVOT))

1.3 MITOXONAPIA ENAOI'ENHEX ITHI'H ROS KAI THPANZH

O1 ROS (eAetBepeg dpaotikég pileg 0&uydvov) mpoépyovtol €T amd EVOOYEVEIC
mapayovteg eite and emyeveig. Ot evdoyevelg mnyéc ROS elvar kvupimg Ta ptoydvopla
OAAG Ko TOL VTEPOEEICOUOTOL, LUKPOCHUATA, 0EEWMTIKG EVELULA, 1 OYOKVTTAPMOT Kot
01 TPWTEIVES aiUnG.

Ot xvupiotepn myn ROS otov dvBpomo eivar 1 dappon evepyomompuévov
o&uydvov amd to pitoxdvopa 0 omoio eucsoroykd oynuotifeTor g evoldueso Katd
v OXPHOS ka1 1 teMkn tov 10N €ivar 0 oynuaticpdg popiov vepov. H aivcida
LLETAPOPAS NAEKTPOVIOV GTOL LITOYOVOPLOL KATAVOADVEL TEpimov 0 85% tov o&vydvou
nov ypedleton o kvtTapo. Ilepimov 1o 1-5% 10V 0&LYOVOL TOL TEPVE PEC® TNG
aAvcidag petapopdg niextpoviov petatpénetoar 6e ROS wg mapampodv. Ty ewdva 7

napovctalovtar ot myég ROS ota kbtTopa.

[18]
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EIKONA 7.Mitoyovdprokn mnynq ROS

https://el.wikipedia.org

H avtioewdotikny dupova tov avBpomov otnpiletoan oto aviio&edmtikd évivua,
OTO TPOANTTIKA OVTIOEEIOMTIKA YNAMONG, OTU TPOANTTIKA OVTIOEEOMTIKG OEGUEVLONG
ROS, ota avtoéedotikd adpavonoinong eAevBepmv pildv Kot oto emdO0pH®TIKA Kot
de novo évlvua.

DAvtioéedotikd  évlvpa:  dpovv  amocvvbétovtag to  HoO, wor  To

vopovmepoleidn. Edd oavikovvy 1M KataAdon, LmePOEEBAo  YAovtabelovig,
vrepoeddon, S-tpavepepdon.

2)[Ipoimtikd  avtoéedotikd — yMAwong:  dpovv  deGUEVOVTOG KOl

amopakpvvovtag  pETaALO.Edd  avikovv  n  tpavoeeppivn,Aoktopeppivny  mOL
amopakpvvouv Fe, n antoceapivn mov amopakpivel apoceapivn, n apomné&ivny mov
QIO LOKPVVEL Al Kot 1 YOAKOTAAG LIV, aABovpivn ov amopakpHvouv Cu.

3)Ipoinzrtikd avrioéedmtikd décpsgvong ROS: dpovv petatpémovtag tig ROS.

Ed® avikovy 1 viepoletdikn dispovtdon (SOD) : 2 0, "+ 2 H — H,0, + O,

Kapotevoedn, Prrapivn E mov deopedovv Oz

[19]
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4) Avtoéedmtikd adpavonoinong eredbepwv pillomv: €d® avikovv Prrapivn C,

ovpkd, yohepvbpivn, oAPovuivny mov Ol avTA £yovv VIPOPIAN dpdom. Kabmg kot
Brrapivn E, ovpmikivorn, Kapotevoeldn, Aoovoeldn| Tov £xouv Mol dpdor).

5)Emdopboticd  kor de  novo  évlopo:  emdopbdvovov  PAafeg ko

VOGLYKPOTOVV TO. LOPLOL GTOYOVG,.

To o&edwtikd otpeg eivan M Kotdotaon katd v omoia 1 mapaywyn ROS dev
umopel vo avtioTaOUIoTel amd Tovg avTIOEEWMTIKONG UNYAVICUOVS LE OTOTEAEGIA VO
avédvel 10 KuTTOPKO  0&EWOTIKG  Qoptio. Xyetileton pe  acBévelec  OMOG:
vevpoekpulotikég (Alzheimer’s,Parkinson’s), eAeypovmdels aoBéveleg (pevpatoldng
apBpitida), Kopdayyelokd Voonuato, OAAEPYIES, OVOGOOVETAPKEIES, daPnNng,
pavon, kopkivog. Emiong, mpokaiel mpowpn yfipovon (mpoynpia). XopokTnpioTiko
napaderypa givar to obdvopopo mpoynpwag Hutchinson Gilford mov eivor omdvio
(1:1.000.000 yevvnoeig) ko gpeaviCetal Tpoynpla o€ modld mov webaivouyv oe ki
nepimov 12 etdv.Ta aitio akopo dgv Exovv amoATmg oloievkaviel. Ta modd avtd
Exovv BpaydTepa TEAOUEPT] OE GYEON LLE TA PUGIOAOYIKA OV Bewpeitan TOAVO aitio g
acOévelnc. To aAlo mBavod aitio elvaipetdAialn oe yovidlo pe Ayvootn UEXPL TOPO
Aertovpyion T0 OmOl0 EVOEYETOL VO EUTAEKETOL OTNV TOPEUTOSION TNG OEEOMTIKNG
Kkataotpoeng omd tig ROS.

To o&edwtikd otpeg elvarl évag amd ToVE Tapdyovteg mpdwpng ynpavons. H
ovoompevon ROS mpokadel ynpavon yeyovag mov amodEKVOETOL KOl OO TO YEYOVOG
0Tl M 0&EMTIKN KATAGTPOPYT] OVEAVETAL YPOUKE 1 ekBeTikd pe v avénon tov
pocdokipov ¢ nikiog (lifespan).Eniong to peyaivtepo mpocdoko {mng oyetiCeton
LE YoOUNAG entineda 0EEIOMTIKGOV TopayOVI®V 1 VYNAA entineda avTioEedmtikmy. [11]

e povtéda {OOV CLGYETIOTNKAY TO EXITESN TNG VIEPOEEIOACTC TOV OPOV LE TO
pocddKo (one toug Ko Bpébnke 0Tt Ta vyNAOTEPa emtineda SOD kot ovpukod o&éog
ouvoéovTat Le TO avENUEVO Tpocdokipo one. Emiong, n adénon tov avio&edoTikdv
Ba pumopovce va emPpadvvel ) ynpaven oe melpopatolma. Xopnynon avioEEOTIKOV
odnyel oe pelwpéva eTimeda 0EEWVMTIKNG KATOGTPOPNG GTOV £YKEPAAO, EVAD OVTE T

nePapatélowo Topovsiocay EMICNG OMOTEAEGUATIKOTEPT) GUUTEPLPOPE GE PAIVOUEVA

GLYXLONG.
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1.4 METAAAAZEIZ MITOXONAPIAKOY DNA

To MtDNA £xet vymAd pvOuod petalryéveong pe Tpelg Katnyopieg LETAALAEEDV TOV
oxetilovror pe KAMVIKOUG @avotumovg. Avtég eival 1) HETOAAAEEIS TOV YEVVNTIKOV
KUTTOP®V OV £Y0VV MG OMOTEAEGHO, TOYOVOPLOKES 0oBEVELES , 2)apYOieg TPOCUPLOCTIKEG
UETOAAAEELS €VOL VTTOGUVOLO T®V OTOI®V EMETPEYE GTO OVOPOTIVO €100G VL TPOGAUPUOCTEL ,
3)oopatikée UETOAAAEEIS TOV GLGCOPEVOVTIOL HE TNV MAKIO KOU EAOTTOVOLV TNV
HITOYOVOPIOKNY TTapoymyr] evépyelag Kou oyetilovral pe ynpavorn. MetaAdldéelc oe yoviown
tov mopnvikod DNA (nuclear DNA-nDNA) mov kmdikomowodv évivua g OXPHOS
TPOKOAOVV €miong prtoyovoplakes acBévelec. EmumAéov, av cvuvovactodv un maboyevelg
petoArdEelg tov NDNA kot petoArdaéelc yovwdiov tov MIDNA evdéyeton va  gival
Aertovpykd pun cvuPatéc Ko vo TpoKaAEGoVY acBEvelEs.

Meléteg oe movtikia mov &yovv emPraPeic petarraéelg tov MIDNA | £deiéav 0TL o1
wobnkec tov INlootikdv eCaheipovv emhektikd TG mo emiProPels PETOALAEES TOL
MIDNA. Qotdco, nmotepeg petarrdéelg MIDNA petafifalovror amd to OnAvkd ot
glodyovionr otov yevikd mAnBuoud. Avtd emitpémel oto €10m va mpooapuoloviol oTIG
evepyelokés petafoArés tov mepiPdAiovtog. v ewovo 8 moapovcstalovtal ol KaTnyopieg

petoAldEemv TV yovidiov oo MDNA kot ot dratapayéc pe tig omoieg oyetiCovrat.

EIKONA 8.Katnyopieg petaAhdEemv ITOYOVOPLOK®OVY YOVIdImV

Environmental Factors mIDNA Variants
Inhibitors Ancient Adaptive Polymorphisms nDNA Variants
Smoking Recent Deleterious Mutations ANT1

~ POLG
Cyanido
y Twinkle

F ‘F’:";].I'T:;“!T“E‘\ 1 /jh;‘ Mito Podymy
) OXPHOS INHIBITION

somatic MIDNA mutations Neuropsychological
Meotabolic (control reglon mutations) Blindness al
eles, Obesiy P,

hoiestorol Mitochondrial Demantias, Movamont Disordors

ndlammns . IMmUnEY Denreasio NZOChIEn
Indlamnr ,i:,lr,n-:-,‘ TUNLY  Gu— dystunction — Depress _,A‘m:.:"—:_'u_»,nm a
Autaimimunty Disaase Muscia
Stress Myalgia, Fatigability
Thesmat, Radiatic Cardiovascular Vascular

Darmatological Dig

Ranal

Environmental and Molecular Mutagenesis 51:440-450(2010), www.interscience.wiley.com

[21]

Institutional Repository - Library & Information Centre - University of Thessaly
14/10/2023 15:47:00 EEST - 167.114.118.212



MetodrhaEelg oe yovidioa tov MDNA oyetiCovtor pe petafolkéc Kot EKQUAIGTIKEG
acBéveleg, kapkivo kot ynpoavon. Ymdpyovv mepimov 1500 yovidiw oto NDNA mov
KOOIKOTOWOLV HOPLO TV HToyovopiov Kot enmAéov 37 yovidwo yio mapoywyn eVEPYELNG
pnéoa oto MDNA. Avactod] Tng OXPHOS amd  petoAAGEELS AVTOV TOV HTOYOVOPLOUKDY
yovidimv i omd mePPAALOVTIKOVS 1)/KOL QUPLOKEVTIKOVG TOPAYOVTIEG 0dNYel o avénuévn
napaywyn ROS mov Babuiaio odnyodv 6e petopévn tKavoTTa Topaymyns EVEPYELNG 0 TO
HTOYOVOPIO0 Kot TeEAMKG ynpavon Mot kapkivo. Avciettovpyia g OXPHOS minttet
KUPIOG Opyava PE PEYOAEG EVEPYEIOKEG OMOLTNGELS OTMG EYKEPOAOG, KOPOld, GKEAETIKOL
poeg, veppot kot evookpvikd cuotnua. Emiong, dwatapdocetol n yprion tov Beppidwv mov
npocAapPavovtol Pe OmOTELEGHO OTOPAYES TOV UETAPOMOUOV Om®G 0 dafnTng Kot 1
nayvoapkio. Télog, mn avénuévn mopaywyn ROS mpokadel wvttopiky TOEWKOTNTO KoL

eKOMA®ON PAEYHOVDODYV 0c0evelmv. MetaAldlelg og yovidla tov MIDNA :

1. petadloéers twv yevwnTIK@Y KOTIGPWY TOV EYODV (G OTOTEAECUO UITOYOVOPLOKES
aobéveies: maboydveg petoaAraéelg tov MIDNA mov meptapfavovy peTaAAGEELS
avadlataéng Kot vrokotdotaons faonc.

MetairdEelg avodibraing: pmopei va givar de novo petaAldéelg EMhenyng M

UNTPIKA KANpovopovpeveg HeTOAAGEES €vBeone o€ petapitotikd kottapo. Ot
TePLooOTEPES EMAEIYEIC amopakpVuvovy TovAdylotov éva tRNA kot étor emnpealovv
mv Tpotevocivieon. Ta cvvopopa mov ogeirovtor oe avadtdtaén MIDNA eivor
TAVTO ETEPOMAAGLIKA Kol 001MYOoOV € EKONAMOT GEPAES KAVIKOV cuuntopdtov. O
o Nmog eawvoTvnog ovadldtaing MIDNA eival o untpikd kKAnpovoukog dapnng
tomov Il kou n kOewon. ITo coPfapn opdoa acbeverdv avadidraéng MDNA eivar 1
POV TPoodevTikn emtepikny opBaipominyia (CPEO) kot to cvvopouo Kearns-
Sayre (KSS) mov oyetiCeton pe v o@OolpomAnyia, Kot TV Htoyovoplokn poorddeia
ue kokkwveg iveg (RRFS). H mo cofapr| aobBévela avadidraéng sival to cdvopouo
Pearson pveiov /maykpéatoc. Ot acBeveic gpeaviovv mavkvtonevia vopic ot {on
g Kot e€optdvtan and petdyyon. Eqv emPidcovv gppovifouv 1o GUUTTONOTO TOV
KSS. Ot pawvotumikég d10popés tov petorhaéemv avadidraing tov mtDNA pmopel va
opeilovtol 6TV MOWKIMO TOV 16TOV TOL GEPOLV TNV avadldtaly Kot TO TOGOGTO
MtDNAS mov @épovv v avadidtaén ce ke 1610.

MetaArdEelc  vmokatdotaons  Pdaong  oto  MDNA:  agopodv  yovidia

TOAVTENTIOIOV (TOAVTENTIOKEG PETOAAAEES) ,yovidta FRNA kot tRNA (petodriderg

npwteEVocOVOeoG). [Taboydveg molvmenTidkég HeTaALAEELS opeilovTa Yo acBEVELES
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oAV cvotnuatov ™ms LHON, cdvdpopo Leigh, kot proyovopiokn pvomddeto.
MetoArha&elg mpwtewvoovvheong odnyodvv oe MERRF, MELAS, eykepaiomdBeia,
ptoyovoplakn pomddeta, dvcavesio oty doknorn, CPEO kat KSS, yoaotpeviepkd
oLVOpPOLO, dvoTOoVia, dLPNTY, KOP®GON, KAPILOUVOTAOELN, VEQPIKT AVETAPKELL, VOGO
Alzheimer’s, vooo Parkinson’s.

2. opxaies mPOTOPUOTTIKES UETOAAGLEIS: MOY® TNG OLGTNPNG UNTPIKNG KAPOVOUNGNG TO
MtDNA eEelicoetan povo péow g cvoompevong petarrdéewv. Edv pia petdAraén
elval gvepyetikn yuu oe ovykekpipuévo mepipairlov to MIDNA mov v @éper Oa
avénBel pe peydAn cvyvétta oe avtd to mepPdirov. Avtd odmyel oty onpovpyia
™G OUAOOC GYETIKMV amlotonwv (haplogroup) mov ovYKEVIPOVOVIOL GE
CLYKEKPILEV YEOYPOPIKY| TEPLOYN (CLGYETION UE YE@YPUPIKO TAATOC Kot KAipa). To
2/3 ¢w¢ 3/40 wv tov appavikov MDNAS avikovy oto macrohaplogroup L, 6Aa ta,
evponaikd oto N mov mepiéyel ta gvponaikd haplogroups H,1,J,UK T,UVW X, ta
actotikd oto M i N mov mepiéyovv ta actatikd haplogroups A,C,D mov gival ta pova,
mov eumAovtiomkav otnv B.A Zifnpla ko mépoacov oty Apepikr. Avtd ta
apepikavikd haplogroups axoAovOnOnkav omd haplogroups B kot X.H mpotn
am6delEn ot ta. haplogroups tov MDNA umopodv v TpOTOTOGOVV THV YEVETIKN
pod1dbecn g vooov NTav 1 avakdivyn tov evporaikov haplogroup J mov avédavet
mv dieicdvon tov nridtepov petodraéemv ot LHON. [12]

Apyotepa. deiybnke 611 to haplogroup H oyetiletar pe peiopévo kivévuvo yia
nAKloe€aptdUEVO EKPUMOUO NG WYPAc KnAidac, eved ta haplogroups J xar U
oyetilovtan pe avEnuévo kivouvo yio ek@uMopd e oypds kniidac. To haplogroup H
oyetiletar ue avénuévo kivévvo yioo PD (Parkinson’s disease) evad to hlogroups J kot
K pe pewwpévo kivévvo. To haplogroup H oyetiletanr pe avénuévo xivévvo yuoo AD
(Alzheimer’s disease) evd ta U ko Ta pe peiwuévo. To haplogroup J éxet oyetiotei pe
nokpolwio oe Evponaiovg eved 10 D og Actdrteg. To haplogroup J €xet oyetiortel pe
avénpévo kivovvo yu d1apnn oe opiopévovg Evpomaikodg mAnbuopoig eved 1o N9a
Aertovpyel MPOCTATELTIKA OTOV OWPNTN, UETOPOAMKO GUVOPOUO, EUPPOYLLO TOV
rvokapdiov oe Actdteg. To haplogroup U éyet oyxetiotel pe avénuéva IgE avticopata
otov opd eved t0 H pe mpootacia omv onyoio. Ta J xor USa oyetiCovion pe
paydaio eEEMEN Tov AIDS evo ta H3, UK, LW, X emiPpadvvovy v e£EMEN Tov. To
H mpoctatevel and Mmodvotpopia evd 10 Ta avédver tov kivévvo yio avtiv. Ta

haplogroups tov MDNA £yovv oyetiotel pe T1g abAnTikég emddcel; AOY® NG
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dpopeTikng amddoong oty mapoywyn ATP. Zvykpivoviag @lavdovg, Iomavoic,
Aiomeg ko Kevvdteg dpopeic vmapyer n axdiovdn tepapyio oto haplogroups
Lo>L1,L2,L3>I>H>U>J>UK. Ta macrohaplogroups N, ND3 np 10398 Al115T «xot
ATP6 np 8701 A59T enmpedlovv v evepydtnta tov cuumAdKov I, 10 duvapukd g
pepPpévng kot v pvduon tov Ca*.

3. owuoatikes petorladeis mov ovoowpevovior ue v nlikio: AvEGvoviag tov puiud
petodraéiyéveong tov MDNA oe movtikie avédvetar o pvBudg ynpovong evo
peltowvovtag tov pulud petaArasryéveong 164yovtag Kataldon HEGH GTNV UWNTPO TOV
wtoyovopiov avéavetal o tpocdokyo Cong (lifespan). Zopatikég petoAldcelc tov
MIDNA kot petorrdEeig mMDNA og yevvntikd kbttapa Exovv avapepbel o veppikd
AOEVOKOPKIVOLO, KOPKIVO TOYE0G EVTIEPOV, EYKEPAAODL KOl AOUOV, AGTPOKVTTOPIKOL
oykot, Bupeoedovg, pootov, Tpootdtn. H avénuévn mapaywnyn ROS sivor e&ddhov
napdyovtag Kopkwvoyéveone. H eicaymyn tov petodhayuévou yovidiov ATP6T8993G
o€ KOTTOPA TPOooTdtn avéavel v moapaymy ROS kot v avantuén kapkivov. H
napovoion g petaAloéng ND6G13997A tov MIDNA oe movtikio ov&aver v
LETAGTOOT TOV KOPKIVIK®V KVTTAP®V Kabdg kot T cvcompevorn ROS.

- MetoAldEelg og yovido tov mopnvikod DNA (nNDNA) mov kKmdikomoiodv
évlopa g OXPHOS :

- MetaArhdelg Tov SopK®Y LIOROVAdwV TV curAdkwv I kot I kabnhg kot
otov mapdyovta cuvappordoynons SURF1 tov coumiokov IV pmopovv va tpokarécovv
coPapo eddttopa otny OXPHOS kot va mpokdyel 10 Bavatnedpo modikd chHvopoo
Leigh. MetaAldEeig oto yovidio polG (150g25) 1} oto yovidio g elkdong (10921)
oyetiCovron pe moAhamiés elhetyelg oto MIDNA kot €yovv cuvdebel pe aVTOCOUKT
EMIKPATY 1] CVTOCMUIKT VIOAEWOUEVT] TPO0dELTIKY e€mTepikn) opBaAiponAnyio (PEO).
O1 petarrdéerg oto yovidio g polG pmopolv va mpokalécovy evpd GAcu 0oHEVELDY
and o poonddeia og Bavatneopo cvvdpopo Alpers. Metodrhia&elg oto ANT1 yovidio
(14934)umopei va adpavoTOINGOVY TV TPMTEIVI KoL VO, 0dNYNCOVLV GE OVTOCMLIKT
vroAemdpuevn poomddein ko kapdlomdbelo mov oyetiCoviar pe MOAAATAES eAAElYELS
oto MIDNA yopig PEO. Evtobtowg, diieg petarraielg oto ANTI evepyodv g
emkpoteic ko mpokoAovv avtocopkn emkpaty] PEO mov oyetiletol pe cvocopevon
noAlomAdv  eAlelyemwv oto MIDNA. MetaArdéelg oto yovidlo g  Kivdong
deo&vuyovavoasiving (2913) kot 610 YOvidlo Tng HTOYOVOPLOKYG Kivaong e Bupidiving
(16021) mpokaAovv oAroyég oty vmopovade TG MAékTpvrAo-COA cuvbetdong
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(SUCLA2) kot mpokadeitar Nmo o&Ewon, eykeporopvonddeto tomov Leigh, dvotovia
Kol KOQ®MOT 6€ ouvdvacud pe ealeityelg oto MIDNA. MetodddEelg oto yovidlo g
QeWoPopVAdon g Boudivng  (22q13)  mpokoAohV  VELPOYOUCTPEVIEPIKN
eykeporopvonddelo mov oyetilovtar pe ehdetyelg oto MIDNA. Metadlddéelg oto
yovidlo g urroyovopuokng mpwteiving OPAL (3028-29) mpokorohv ONTOCMOUIKA
EMIKPATY] OTTIKN 0Tpo@ia evdd peToALAEES Tov yovidiov g mitofusin2 (1p36) odnyovv
oe meplpeptkn vevpomdbelo oto Charcot-Marie-Tooth2. Ot ptoyovdplakés aobéveteg
pumopovv, emiong, va mpokAnBovv omd peToAAAEElS o€ yovidld TV HETOPOAMK®V
TPOTEIVOV Kot Tov KukAov Krebs kafd¢ kat tov cuvevivpov Q10.

- MetoArdEelg mov  odnyodv o  acBéveleg aAAnAemidpoong  mopnvo-
KLTTOPOTTAAGLOTOG

- Evo &yt amodeyBel 6t petarraéelg o yovidrn tov NDNA mov kwdikomolohv
npoteiveg mov mailovy poAo otV PloyEvesn TV HToYovOopimv 0d1nyodv og Lelwon Tov
apBuod tev avtypaewv tov MIDNA, eivor mAéov capéc 0Tt acBéveln pmopel va
TPOKLYEL Ko amd oAANAemiopaoct yovidimv tov NDNA kot yovidiov tov mtDNA mov
eVIOVTOIS oyetilovion pe O0PopeTIKEG Asttovpyiec. e pio owoyéveln dvo coPapd
npocPePAnuéva amd eyKepaiomdOeln opoEVIKA ATOUN TTOPOVCINcHY GYEOOV TANPN
amovcio Tov cvumAdkov I oe okeletikovg poes. H yevetikn avdivon mapovcioce pio
naparrayn oto NDNA o1o X-cuvdedepévo yovidio NDUFAL(G32R) tov cupmidkov I
omoila. odnynoe oe peiwon katd 40% 1ng evepydntag tov cvumiokov 1. Emiomng
EULPAvicay 600 HETOANAEES OV odfynoav oe amdAsio Ekepacne (MISSense) tov
MtDNA ka1 n pia evroniotnke oto yovidio ND1 (M21T) kou 1 GAAn oo ND5 (M88T)
o1 onoieg oyetiomray pe peiowon katd 30% g evepydnTog Tov cupumAdKov 1. Apov to
X ypoudcouo KAnpodoteital ota apoevikd amd v untépo ko to MIDNA eivon
UNTPIKNG TPOEAEVOT G, Topatnpeital Tpodidbeon vy achéveln yopic va mpokaieiton
KMviKOG @awvotuonog. Qotodco, Otov 1n petdAroén oto MIDNA cvvdvaoctel pe v

petdAroén oto NDUFAL kataAnyet og mAnpr avendpked Tov cuumidkoo 1.

[25]

Institutional Repository - Library & Information Centre - University of Thessaly
14/10/2023 15:47:00 EEST - 167.114.118.212



1.5 METAAAAZEIZ MITOXONAPIAKOY DNA KAI AXOENEIEX

Ot acBéveteg mov opeihovtor o petorddéelg oto MDNA emmpedlovv moAAOVS
16T00¢ Kot gUPovVICouy TOWKIMO KAWVIKOV CUUTTOUATOV. OUadoToIdVTOS To KAVIKA
YOPOKTNPIGTIKA LITdpYovv ot axoAovBeg opades: Khaowd cuvdpopa mtDNA, kivikd
ocvvopoua pe vynAd kivévvo petaAldEemv oo mtDNA, cvppetoyn oo MDNA og
KOWEG VOGOLG kol ¢ mpoduafeon 7y kowég acBéveleg oAAd Kou TN ynRpovon.
INUOVTIKY TOPAUETPOS Y10, Lol TOOVY] LITOYOVOPLOKT] TPOEAEVGT] TV CUUTTOUATOV GE
TOAAG Atopa TEPIAAUPAVEL TO 1GTOPIKO GTIC UNTEPEG TOV OTKOYEVELDV, TNV IGTOYNLUKN
Kol Bloynukn avaivon yio akpipr TpocolopiGHd TOL EANTTMOUATOS GTNV OVOTVEVCTIKT
aAvcidn, TV avAALGN TOL UITOYOVIPLAKOD YOVIOUDUATOS Y10 KOWEG UETOAAAEELS Kot
TENOC  OAANAOVYIoN OAOKANPOL TOL YOVIOIOUOTOG Yol €0PECN OMAVIOV 1 VEQOV
peToAAGEE®Y. XToV Tivaka 2 TopovotdlovTol To KOWA YOPOKTNPICTIKA TOV 00OEVELDY
nov oyetilovron pe to MIDNA.

NINAKAZX 2. Kowd yopaxtnpiotikd acOeveliov oyetildpevov pe mtDNA

Robert W. Taylor and Doug M. Turnbull, Nature Revies,Genetics 2005

Khoowd ovvdpopa mtDNA : petarraéelg oto MDNA neprypdonkav yo mpmdtn

eopd to 1988 yia 10 ovvdpopo Kearns-Sayre (KSS) kot LHON. Xt0 KSS omopadicég
eMelyelg oto MIDNA  evtomiommkav oe Poyic podv kot dvcAsrrovpyion TV
pitoyovopiov oe avtovs. v LHON (omtikry vevpomdBein) oamodeiytmke pntpiky

KANPOVOLIKOTNTO KOl OMUEWKES HETOAAGEES ota yovidin g owoyévewng ND mov
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KOOIKOTO0VV VIOUOVASES TOV GLUTAGKOL .

Khwvikd ovvépopo pe vynid  kivovvo petodddéewv tov mtDNA : v

TpoNyovEVN dekaeTiol avayvopioTnkay KAVIKG chvopopa mov icmg oyetiCovrol pe
petaArdaéelg oto MIDNA. H mpoodevtikn eéwtepikny o@BaApominyia, t0 cVuvopouo
Pearson, 1o ovbvopouo Leigh, puikdc mdvog emaydupevog amd AGoknorn, KOTMON Kot
POoPOOULOAVGT KO OUIVO-YAVKOGIAOETAYOLEVT] aMAELD OKONG. Tl pepikés amd avtég
11§ acBéveleg Omwg TV TPoodevTIKN e€mTepikn oPBaipomAnyia dwtapoyn oto MDNA
gtvor ) kKOpio artia, Evd yuo To ovvopopo Leigh vedpyovv ToAAG YEVETIKA aitia.

2vupetoyn ov MDNA o ko1vég vOGoUG 10 o Koo petafolkd voonua o

dwpnmg oyetiCetar pe dSwrapoyn oto MIDNA 6mov eumiékovtor moAAG €lom
petoArdEemv. TIpocpatn perétn €deiée 0tL EekdBapn oyéon HeTald HEADV OIKOYEVELONG
OV PEPOVY OUOTAAGUIKT pitoyovoplokn petdAiaén oto tRNA kot oto petafoiikod
ovvopopo  mov  yopaxktnpiletow  omd  vmépTOoT,  LWORAYVNOlOio Kol
vrepyonoteporoio. H d1dyvoon tov oxetilOpevov He ToxovOoplokeés HETOAAEELS
acBevelmv eivar dVOKOAN YTl EUTAEKOVTOL TOAAG KAIVIKO GUURTOWOTO, OTMG GTO
SwPnIn mOv CLYVA CULVOOEVETOL OO KOPMOTN KOl TO EYKEQPOAIKA EMEGOOIN EVM
ovvNBmg oyetileTon Kot [e GUUTTMOUOTO NUIKPOVIOG.

Hoaparrayég oto MDNA mov mpodaBétovy yia kowég achéveleg: 1 Tapoariayn

16189 mov gpavilel moArég C oty un kodkn neployn eréyyov (CR) tov mtDNA &yet
oyxetotel pe evauctnoio ommv Kapdlopvoradeln kol otov OPntn tomov 2.Avti 1
TapoAloyn epgovifeton ocvyvd otovg TAnBvoHovS. Tov mivako 3 mapovcsialovtol To
Kpumipla ovayvapiong tov acleveudv mov ogeiovtal oe petoaridéelc oto mMtDNA evad
oToV Tivaka 4 o1 KMVIKES dlatapayEs.

[NINAKAZY 3.Kpuripia avayvopiong mtDNAacOeveidv

Robert W. Taylor and Doug M. Turnbull, Nature Revies,Genetics 2005
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MINAKAZ 4. Khvikég datapayéc mov ogeilovtal e petaridéelc tov mtDNA

Robert W. Taylor and Doug M. Turnbull, Nature Revies,Genetics 2005

‘EMewpa 4.977 Cevyov Bdoswv oo MIDNA mov evtomileton petad tov

voukieotwdiov 8.469 «wouw 13.447 éxer avapepbel oe mowkideg acBéveleg Ko
oVLOoMPELETAL UE TNV NAKia. AvTO apopd Ta Yovidla Tov Kmdtkomolovy tnv ATPase6,
ATPase8 ,xvtoypoukn ofewwdon III, vmopovdaoda 3tng apudopoyovione tov NADH
(ND3), ND4, vropovado L g ND4, kaw ND5.Kvttopo mov €xouv 10 GLYKEKPUEVO
EMELHO YvOoLV TNV AEITOLPYIKOTNTO YoVIdiwv Tov gumAékovtal otnvy OXPHOS ko
odnyovvtol oe pio yeEVIKN HElMOT €VEPYELNS €0KE GTOV EYKEQPOAO KOl GTOVG HUC.
Yotepa and oavaivon tov opfuod tov avitypdemv tov MIDNA ce Agvkokvttopa
neppepkov  aipatog pe PCR  Ppébnke ovoodpevon apBpod aviypdeov Tov
eMeippatog 4.977 tov mMDNA  pe v niia, 1 avEnuévn avoroyio avypaeoy Kot o
aplBudg avtypaewv tov eAleippatog 4.977 tov MDNA  oyetiovior pe v
coPBapdtra ¢ acBévewng kol téhog to EAAeyupo 4.977 emmpedlel meplocoTEPO
acBevelg pe ocvuntopote oto omoio gumAékovtor Tpion 1 TEPLOCOTEPO OPYOVOL.
[13]

2y ovykekpévn €peuva Bpébnke 6Tl o QuoloAoyKd dtopa nAkiog 10-20
ETOV LINPYE LEYOADTEPOS aPBUOG avTLyphpmV Tov eAAeippatoc 4.977 tov MDNA avd

[28]
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KOTTOPO G GYECT LE TO PLGIOAOYIKG Atopa vedtepng nAkiog 0-10 etov. Xe acbeveig
He ptoyovoplokés achéveleg ot mo nAKiopévol acbeveic eiyav ,emiong, peyoAvtepo
aplOpd avTypae®V TOV GLYKEKPIUEVOL EAAEIUIOTOG GE OYEOT LE TOVG VEOTEPOVG
acBevelc. Ouwg, o cvvolkog apBudg aviypdowv MDNA ovd kdttopo dev eiye
OTOTIOTIKG ONUOVTIKY OlPopd  HETAED MAIKIOKA HEYOADTEPOV KOl  UIKPOTEP®V
acBevdv. Xtov wivake 5 mapovcoidloviar ot Sl0PopEG OTOV GLUVOMKO  oplOud
avTypaewv, otov apliud eldelpupdtov kot otov pubud ealeypdatov tov MIDNA og

acBeveig pe proyovoplaxn acHévela.

[NINAKAY 5.Aw@opés o€ ovvolkd apBuo avtypdoov MIDNA, apBuod
eMeypdatov 4.977 mMtDNA ko puOud edieipupdrov 4.977 too mMtDNA 610 Guvoliko
DNA c¢ acBeveic pe putoyovopilakn aoBévelo (MCD) kat o€ vy delyporo.

2015 Zhang et al.,doi:10.1371/journal.pone.0128624

H ovénuévn avaroyio eldeipupdtov 4.977 1o MtDNA oe oacbeveic pe
pItoyovoplakn acbéveln oe oyéon He Tovg vyleic oyetiCetal pe v coPapodotnta g
acBévelong .Ta woupdtepa KAMVIKGE YOpPAKTNPOTIKE o€ veapovg aocBevelg e
ptoyovoplaxés acBéveleg etvan @ emnyia (73,3%) ,pvomdBein (36,3%), ofeidwon
yoraxtwov (29,6%), vaviouds (22,2%),  mapepmdolon avamtuéng (21,5%) xon
TVELUATIKE 1 yuyohoyikd ocvuntopoate (10,4%). Ztovg HeEYOADTEPOVG MAIKIOKA
acBevelg ta kvpdtepa ocvumtopate Ntov o emnyio (68%), pvomdbewn (52%),
o&eidmon yoroktikov (32%), andieln dpaocng (28%), vaviopog (20%), kabvotépnon
avantoéng  (20%), mvevpotwkd N yoyoloywd  ocvpmtopate  (12%) ko
éuetog/owdppota/dvokototta (12%). Xrovg veapodtepovg acbeveic n avaioyio tov
eMeippatog 4.977 tov MIDNA oyetileton Oetikd pe kabBvotepnuévn avamntvln kot

o&eldmomn Tov YOAOKTIKOU, €VO GTOVG HeyoALTEPOLS MAKlokd ocBevels oyetileton
[29]
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OeTikd e TVELUATIKA/YUYOAOYIKA GUUTTOUOTO Kol EUETO/OUPPOIR/OVGKOIAMOTNTA.
Ytov mwivaka 6 mwapovoidlovioar 01 GLYVOTNTEG TMOV  YOPOUKTINPIOTIKOV  TOV

LTOYOVIPLIK®V 0GOEVEIDV 0E 0sOevelg LKPOTEPNG Kot LEYOADTEPTG NAIKIOG.

[NINAKAY  6.Zuxvomnteg KAVIKOV  YOPOKTINPIOTIKOV OE  VEOTEPOVS KOl

HEYOAVTEPOVG NAKIOKA AGOEVELS LUTOXOVIPLIK®DY 0CHEVEIDV.

2015 Zhang et al.,d0i:10.1371/journal.pone.0128624

H oaBnpookinpwon eivor pio acBévelo mov emnpedlel TG aptnpieg Kot
yopokpiletor amd oYNUATIGHO aONPOCKANPOTIKOV TAUKOV OTOV GLGGMOPEVOVTOL
Mmidlo 610 €VO0ONMAI0 TPOKOADVTOG KOTAGTPOPN Kot dvcAsrtovpyia. Ta Auridw ivon
emppenn o€ oedwTikn tpomomoinon and 1ig ROS kot Aettovpyovv ©¢ PAEYHOVDOG
epEBicUO TPOGEAKVOVTOG AEVKOKOTTOPO, GTNV TEPLOYN. Ta HOKPOQAYD TOV PTAVOLV
OTNV TEPLOYN] EYKOATOVOLV TO. OEEWDMUEVO MO0 KOl ATEAEVOEPDOVOVY PAEYUOVAOIELS
TOPAYOVTEG Ol OTOIOl TPOKOAOVYV TNV HETAVACTELOY] KOL TOV TOAAOTANCIOCUO TOV
ayyelok®v Aeiov poikov kuttdpov (VSMCS). Ta VSMCS eivar onuavtikd yioo v
otafepdtnTo TG TAAKAG yrti ekkpivouv eEmkvttdpla ovoia n omoia oynuatilel éva
wmdeg kdavppo. Opwg n katactpoen twv VSMCS, n Aéntuven tov KoAOUUATOG Kot 1)
petayevéotepn evaucOncio g mAdkag icmg endyovtot amd v eAeypovn. H pAeypovn,
0 KLTTOPIKOG BAvVaTOG Kot TO 0EEWMTIKO 0Tpeg 0dNyoHV o€ gvasnacio TG TAAKAS.

Enedn m proyovdplokn dSvcisrrovpyic umopel vo  mpodyet v mPo-
afnpopatiky Sdkacic, 1 KOTAGTPOPN TOV HTOYovopiov £€xel eumloxkel oty
afnpoyéveon kol meprrapPaverl kot kotaotpoen tov MIDNA. BAdBeg oto MtDNA

Bpébniov ota KOTTAPO TOV KLKAOPOPIKOL KOl GE KAPOKE KOTTOpPO 0cOeEvOV e
[30]
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otepavwoic. voco yeyovog mov ovuPdiiet oty avdmtuén  abnpookinpoong. H
kataotpo®n tov MIDNA  elvar mpdo yeyovdg g abnpoyéveons eved KotOmy o€
CLUVOLOGUO HE TNV TOYOVOPLOKY] SLGAEltovpyio  mopovotdlovy  €va  HOVTEAO
aBnpocKANp®oNG Kot LETABOAKOD GUVIPOLOV.

Meléteg og movtikio mov mapovstalovy PAaPeg oto mt DNA kwdikomowodv pio
petoAraypévn MEDNA molvpepdon mov moiler pOAO GtV TPOKANGT OTNUELNKDOV
petoAldEenv kot elMelpupdtov oto MIDNA. Ta movtikwi epeavifouv nAkiopévo
QovoTLTo, HE KOQMOT, ovotio kol andiew Bdpovs. Emiong, &yovv ammAiegid g
armoAmmonpmteivng E mov deiyver 0t  PAAPN oto MDNA mpodyer abnposkinpwon kot
evatotnoio oty TAdKe Kot ovTod propel vo ovuPel kot yopig kapio avénon tov ROS.
Ye oavtifeon, M amomtwon tov VSMC kot tov povokuttdpwv ekBétovv €va mpo-
QAEYHLOVADOES TTPOPIA. XtV €KOvVa 9 mapovcstaletor 0 UNYOVIGHOG OV GUVOEEL TNV
dvoiertovpyio. TOV UTOXOVOPI®V UE TNV QAEYUOVY], eV otV €kova 10 aivetol o

POAOG TV HITOYOVOPIOV GTOV KLTTAPIKO OdvarTo.

EIKONA 9 .Mnyaviocud¢ Tov GUVOEEL HITOXOVOPLOKT] OVCAELTOVPYIOL Kol
QAEYLOVT).

Trends in Endocrinology and Metabolism  September 2014, \ol.25, No.9
http://dx.doi.org/10.1016/j.tem.2014.06.008

[31]
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EIKONA 10. Mitoyovdpiaxn poduen kuttaptkov Bovatov

Trends in Endocrinology and Metabolism September 2014, Vol.25, No.9  http://dx.doi.org/10.1016/j.tem.2014.06.008

[Ipoopateg pehéteg €xovv deilel OTL N TOYXOVOPLOKY] SVCAEITOVPYiDL SOUKOTTEL
tov petafoiopd tov Mmopov ofwv nécw tov FGF21 (Fibroblaste Growth Factror 21)
pg opuodvng mov puOuiler v Mmodivon. Mvikég tveg and movtikt Kot dvOpmmo mov
&xouvv elottopatiky anelevfépwon FGF21 odnyovv oe kvnromoinon tov Mmidiov
and To admokvTTOpPa. Avt M AmOAvon oyetiletal pe petwpévn palo Aimovg aArd
avENUEVT YAukepOAn opod Kot ehevBepa Amapd o&éa. Iapopoimg, petoAlaypéva
novtikie wov elyov EAAewym ¢ amoMmonpwteivng E €deiéav peiopévn pnalo Almovg
OAAG TTOPOVGIOGOY TPOAONPWOUATIKY VTEPYOANGTEPOALLIAL.

SOUTEPAGUATIKA, €GV TO EMMESN KOTAGTPOPNS 1 dvcAeltovpyiog Tov MIDNA
KATOKADLOVV TIG TPOCTATEVTIKEG OVTIOEEWDMTIKEG Jl0dIKOGIEG TOTE YiveTal pto@ayio
OV AETOVPYEl TPOCTATELTIKA Yo TO pITOYOVIpLo. Ta dvcAettovpykd pITOYXOVIPLL
kaBapilovior amd to KOTTOPOo pe dPaduon amd 10 AGOCMOULN KOl TO. GUGTATIKG TOVG
VOKVKAGOVOVTOL Yo emopevn xpnon. [ va apyicel  pitogayio tor SuGAEITOVPYIKE
wtoyovopla. cveowpevovy v PINK 1 (Induce Putative Kinase 1) mov givatr opdAoon
pwoeatdong kot teveiving (PTEN) oty eéotepikn pepPpdvn tov puroyovdpiov. H
Parkin ovotatikd tov ovumhokov g E3 Aydong ovPwovttivng, axorovbmg
npochopPdvetor omd omd v mitofusin 2 kot ovPicovitivdvel mOAEG TpmTEIVES

ocvuneprappavopévov e VDAC mote vo popkdpetl tor toydvoplo Yo duToQoyIKY|
[32]
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dwPabon. Olo awtd T0 pOVOTATL I0MG OmMOTEAEGEL XPNOIO BEPUTEVTIKO GTOYXO Yo
v Bgpamneio g abnpockAnpmong. [14]

H ovoréproon kot dSvcAmdoio  omotedohv  mopdyovies KwodvVov o
afnpocKANp®oT, KOPIYYEWKA VOONUOTA, EUPPAYHO TOV  HVOKAPOI0V,KOUPSLOKY|
avemdpkeln kot ovviboc eugavitovror  pall. AvdAvon Tov  UITOYOVOpLaKoD
YOVIOUDUOTOG UNTPIKNG GEPAG £€de1Ee o OHOTAAG KT peTtdAlaln avtikatdotaong C
oe U 610 5’ dxpo tov putoyovoplokov aviikmotkoviov tov tRNA mov petapépel v
lle, 6nw¢ mapovoidletar oty ewdva 11. H dmopén U og avt) v Béon givarl and Tig
mo ocvvinpnuéveg Paoceg ( 96% avaupeoca oe 4.300 tRNAS ce OAa to €idn). H
ocvvtnpnon g U e&nyeiton amd v doun tov tRNA. H Onid tov avtikwdwoviov givor
OTOTELECUO. GTPOPNG OTOV (POCPOOIECTEPIKO CKEAETO EMITPEMOVTAG TNV TOPOVGIOOT
TOL OVTIK®OKOVIOL 610 Kmdwkovio tov MRNA oto pifdcopa. Avty n oTpoen
otafepomnoteitar amd deGUO VOPOYOVOL HETOEL TNG OUVORAdag g cuvinpnuévng U
KOl TNG POCEOPIKOD GKEAETOV NG TPitng Pdomng tov avtikmdikoviov. H C ydver v
apvouddo Kot O0ev  umopel va  oynuotioet avtdv tov decud  vdpoyovov. H
aviikotdotoon ™ C oe U oe avt mv 0éon eumodiler v mpdodeon Ttov
pocodpatoc. Emiong, n andAsio TG HTOYOVOPLOKNG AEITOVPYING UE TNV YNPOVOT| GE
oLVOVOCUO UE TO TTPONYOVUEVO TPOKAAOLY EMMTMOCES Y0 TIG GLVNOELS peTaPoAKES
dlatapoyéc.

EIKONA 11. MetdAraén oto urtoyovoplakd tRNA ¢ lle otn untpin oeipd
K129.

12 November 2004,Vol 306,Science www.sciencemag.org

[33]
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O dwpntng elvar éva omd ta yapoaktnplotikd tov MS. Zvvnbwg speaviletal
péom tov tomov 1 kot 2 avdroya v cofapotta tng vooviwvorevioc. Extog amd
aVTOVG HeTAALAEELS Yovidiov gppavilovy vynAn mbavotnTo epedviong dtaprtn 6Tovg
Qopeig Tovg Katd TV ddpkeln g LoNg Tovg. Avtoi ot povoyovidiakoi THmot dtafntn
TEPIAAUPAVOVY TOVG TOTOVG SLfNTN «DPo SNty TV vEwv» ov givar o MODY (4)
KOl O HUTOYOVOPLOKOS OV EMIONG OVOUALOVTOL «UNTPIKNAG KANPOVOUIKOTNTOS daffTng
Kot Koeoon». O proyovoplakds dtakpivetar amd tov MODY Adym tng pntpkng
KANPOVOUNONG GE GLVOLAGHO WE TNV OTMOAEW OKONG OTOVG MEPIGCOTEPOVG POPEIS
(pétpnon pe axodueTpo un ovtinyn Myov mave oand 5 Hz). Eniong, otovg popeic g
UETOAAAENG TTOPATNPOVVTOL CAAAYEC GTOV YPOUATICUO TOVL AUPPBANGTPOEDOVS (ITMOVAL.
Ta xOttopa tov PAevvoydvov TOoL OTOHOTOG Tapovstalovy 1,7 @opég peyaldTepm
ETEPOTAAGUIO GE GYECN UE TO AEVKOKVTTAPO KO YU OVTO EMAEYOVTOL Y10 TNV LEAETT TNG
petdiroéng. Kavovikd mn petddhaln aviyvedeton oe acbevelg pe ptoyovoplaxn
poomddelo, eykearomdbela, 0EEIO®ON TOL YOAOKTIKOD Kol KOPOoKE ETEGOOIN
(ovvdpouo MELAS).

O royovoplakdg dwpnne oyetileton pe plo petdiiacn v A3243G oto
MtDNA .H petdAraén avt) apopd to yovidlo mov kwodkonotei to tRNA mov petapépet
v Leu 6mw¢ mapovoidletal otny ekovo 12.

EIKONA 12.Awpntoyevic petddiaén A3243G oto yovidw tov tRNA g Leu
oto MtDNA.

>0>>q~0
| |

Diabetes 53(Suppl.1):S103-S109,2004

O wroyovdploxdg owpnng mov oyetietor pe TNV TOPOTAVE UETAAAAEN
ekdnAoveral og nikia 38 gtdv. Zmv OMavoia 1,3% tov derypa tov ftav Betikd yo
v petdAiaén A3243G. Zmv AyyAlo epeovioTnke YOUNAY cuyvOTNTA TNG LETOAAAENG

[34]
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oe aoBevelg pe dwPnm tomov 2. v lamwvia n petddiaén epeavifetonr pe peydin
ovyvotta Omwg kot oty Dovdio. Xty Tovpkio mopoatnprinke pio de novo
nepintwon ¢ HETAAAAENG. Avtd Oeiyver 6Tt M petdrraln A3243G  cuveydg
AVAYEVVIETOL LEGO GTNV OVOPAOTTIVY «OeEOUEVT)» YOVIOI®V. [17]

Ymv ewodva 13 oaiveton m kapmoAn Kaplan-Mayer mov amewoviler v
enintoon yo dStoprtn/peiopévn ovoyn ot yavkoln (IGT) o @opeic ¢ petdhiaéng
A3243G omv T'eppavia. Xxedov 6ot ot gopeig sppavilovv dwprm 1 IGT wpwv v
nikia tov 70 etov étol N delodvTIKOTNTA TG METOAAAENG givar oyxeddov 100% . H
OLYKEKPIUEVN UETAAAOEN €ivon €TEPOMAAGLIKT] TOVL onuaivel 6Tt gpgovifeton pign
evotoroyikov MIDNA (wild type ) kot mtDNA ov @pépel v A3243G ota kbtTapo Tov

ooclsvav.

EIKONA 13.KaumoAn Kaplan-Mayer yio tqv enintoon tov dwfnmm f g IGT
oe @opeic (N=109) ¢ petdAraéng A3243G oe oyéon pe v nlkia.

Diabetes 53(Suppl.1):S103-S109,2004

Av ko n petdAraén A3243G aviyvedetarl oe GAOVE TOVG 10TOVG TV 0GOevdV, Ta
peyoAvtepa emineda etepomAAGUiOG elval vVYNAOTEPA GE 16TOVG UE YOUNAN UITOYOVO
dopdon omwg eivor or poec. To xvpidtepo eddttopo mov odnyel oe dwpnn eivar o
TPOTMOTOMUEVOS  HeETaPOMOUOG  YAvkOING otovg pug. EmumAéov  peAéteg  oev
avayvopilovy WWGOLAIVO aVTIGTOGT ¢ KOWO TApAyovTo GTOVS QPOPElS TG HeTAALAENS
av Kot 1 tvoovAvo avtiotaon €xel mapatnpndet oe pepikovg eopeic. Emiong n evépyeia
mov TapdyeTol omd TOVS PG TOL  ovtovokAdtolr oto  emimedoa ATP/ADP ko
QWooKpeaTvivng dev amoppvOpileral.

H mapoyoyn ylokding oamd to mmatokvttopa givor €vag mopdyovtag Tov

amoppulpuiletar amd v petdriiacn A3243G. Mitoyovdpilokn SLVGAEITOVPYIO GTOVS LG

[35]
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oonyel og peyaAdTEPT PON YOAUKTIKOD GTO HTOP TPOPOSOTMOVTAG TNV YAVKOVEOYEVEDT).
Méypt oTtypung 0ev vdpyovy otolyeior Yoo TNV NIOTIKY mopaymyn yAukolng kot tnv
KOTOGTOAN NG amd TV WGOoVAiv) o @opelg g petdhiaéng. Emiong, mapatnpeiton
EMATTOUATIKY] €KKPLON WWVGOVAIVIG ammd TO TAYKPENCHOS OAVINGY OTO0 €PEDIGUO TNG
YAVKOING 6TOVS POPEIG TNG LETAAAAENG.

Merét mov €yve o€ 92 dtopa otv OAlavdio pe IGT (pewwpévn avoyn oty
yAkoln) votepa amd yopnynon 10 mmol/L ylvkoing £6eiée ot 600 dropa TV Qopeis
™G petdAraéng A3243G Kot eLEAVIGOV CNUAVTIKE UEIOUEVT] EKKPLOTN VOOVAIVIG GE
oxéon pe tovg un-eopeis. Otav n evaioOncio otnv wvooviivn perethnke amd v
avaroyio avapeso otov pubud 61dbsong g yAvkong (10 mmol/L) kot ta eminedo
WGOVAIVNG TapatnpnOnke peyoaAdtepn evoucOncio otnv wGovAivy Kot G6tovg 000
Qopeic ¢ petdArhaéng cvykpvopevol pe tovg un-eopeis. Téhog egetdlovtag 25 un
dpnTikovg Popeic TG HETAMAENG Kot 25 Un QOPELS TOPLOGTOVG WG TPOG TNV NAIKia,
¢@OLo ko BMI dev Bpébnkav onuovtikég dtopopég otnv yAukodn, weovAivn, mentido-C
Kol YAKoyovo 0mw¢ moapovctaletor oty ewova 14. Avtd delyvel Ot dgv vIapy oLV
oLVETELEG TNG METAALOENC A3243G mpv TV amdKTNOo™M avoyng ot YALKON.

EIKONA 14. XapaKTnpioTiKd gopE®mV Kol U1 QopEwV NG uetdAlaéng A3243G

Diabetes 53(Suppl.1):S103-S109,2004
H mopovoia g petddloéng oe vPpdkég kuttopikés oepéc (wild type M

petaAloypéva ptoxovople) mave amd Eva 0plo etepomiaciiog odnyel oe peltmpévn
KatavdAwon o&uyodvou Kot 0EEWMTIKN OGEOPLAI®ON. Xt B TayKpeoTkd KOTTOPO 1
avoroyia ATP/ADP kafopiler v ikavomnto ovoiypotog tov kovaiiod K mov
EUMAEKETAL OTNV EKKPIOT] WGOLAIVNG. AAAayEC o€ aVTN TV AVOAOYiD G OTOTEAEGHLA
LTOXOVOPLOIKNG dLGAEIToVpYiog emnpedlovv v pOOMoN €KKPIoNG LVGOVAIVIG TOL

emdyetal amd TV YAUkO(N. e KLTTOPIKEG GEPEG B TOYKPEATIKOV KVLTTAPW®V OOV TO

[36]
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MtDNA eivar peiwpévo mapovsio Bpopodyov abdiovrapovstdlovy ammAew oTnV
€KKPIOT VOOLAIVNG oV emdyetot amd YAvkO(n mapOAo TOL TO KAEIGIHO TOV KOVOALOD
K' amd v enidpacn covApovviovpiog Sieyeipst akdpa TV EKKplon WGovAivng. e
épevveg mov o aplBuog avtypaeov tov MIDNA pewwvetatl oe B Toykpeatikd KHTTOpO
ue knockout muopnvikdv yovidiov mov K®OIKOTOOVV TOV UETAYPUPIKO Tapdyovio A
delyvouv OTL TV HEIOUEVT] LUTOYOVOPLOKT Agttovpyio otnv €kkpion tvooviivng. O
unyovicpdg dpdong mapovcsidleton oty ewova 15. O piroyovoplokdg Swprng
avamTOGoETOL KOTA TV evnlkioon peta&d 35-40 etov (n ynpavon cupPdaiier oty
OTOOWOKY OAAOI®MOT TNG AELTOVPYIONG TOV  TOYKPEATIKOV KVTTApmV) evdd o MODY2
vrepylokopio  glval  @avepny vopic HeETd TNV YEVWNON ®G OMOTEAEGUO  1TNG
eEaoOevnuévng mapaywyng ATP wg andvtnon oy yAvkoldn. [17]

EIKONA 15.AM\ayég otV ouykévipmon 1Tng YAKOng oe oyéom pe v

€KKP1OT] IVOOVLAIVIG O€ TEPITTMOGT [UTOYOVOPLOKTG OVGAEITOVPYIOG

Diabetes 53(Suppl.1):5103-5109,2004

Meléteg o€ KLTTOPIKEG GEWPES B TOYKPEATIKOV KLTTAPOV OV £XOVV UEUOUEVO
apBpd avtrypdoov MDNA kot petddraén oto yovido g yAvkokwaong (MODY?2)
kot EMAewym Oglopivng Ommg mopatnpeitor oy peyoAoPracTikn avoiioo pe dwfnn
Kot KOemon £0e1éav 0Tt etvan emiong dwfntoyeveic kan detyvovv tov kpicyo poAo TG
avaroyiag ATP/ADP oty dwdwacio ékkpiong wweovAivng. [T mpéceatn peiétn og
KLTTOPIKN oEpd B maykpeatikdv kKuttdpov BHCI &deiée 6TL €&bvtinon tov MDNA
dgv emnpedlel ONUOVTIKG TNV KLTTOPOTAAGHATIKY] cvykévipmon ATP mopoio mov 1

€KKPIOT WVGOVLAIVIG oL emdryeton omd YALKOLN €yl PTAOKOAPIOTEL.

[37]
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KE®AAAIO 2
2.1 METAAAAEEIZ MITOXONAPIAKOY DNA KAI METABOAIKO XYNAPOMO

H vnéptaon ovvodevetor oamd TNV TOPOLGIO  VIEPYOANCTEPOAUUING,
VREPTPLYAVKEPWOOUiDG,  vropayvnooipiag,  OwPntn,  weovAwvoovtictoon Kot
ToYLGOPKio. AVTOC 0 GLVOLOGUAG STAPOUYDOV TANTTEL TAVE OO TO Y4 TOV EVNAIK®V
otig H.ILA xou avapépeton o¢ petafoikd cuvopopo, chvopopo X 1 OVCAUTIOOUIKT
VIEPTOON.

Merét oe Kavkdolovg ovyyeveic (K129) atouwv pe petafoiikd cHvopopo
dwmiotwoe wpdyovo pe vropayvnoopia. And tovg 142 cvyyeveic ov 38 eppdvicav
vréptaon (mieon aipotog >140/90 mmHg 71 éxavav Oepomeion yoo vméptaom), 33
enpavicay vrepyoAnoteporatpio (xoAnotepdAn>200 mg/dL 1 éxavav Oepaneio) ko 32
enpavicay vropayvnoaipio (0,8-1,7 mg/dL eved to puoloroyikd givan 1,8-2,5 mg/dL).
H vropoayvnooyio emnpéace kot ta 000 QUAN VD deV EUPAVICTNKE va. emnpedlel N
nAkio To eminmedo Mg2+ Kot ta 32 dropa pe vropayvnooio ftov oty 1010 UnTpikn
oepa. [Tatepadeg pe vopoyvNGaio 0EV TNV HETEPEPOV GTOVS OTOYOVOVS EVD UNTEPES
HE VTOUOYVNOOUiOL TNV HETEPEPAV GE UEYOAN OCLYVOTNTO GTOVLG OTOYOVOLS. AVTo
TIOTOTOEL OTL VILAPYEL UITOYOVOPLOKT KANpOovokoTnTa. AvdAvon odvoeong eEGAAOL
OV £0€1E€E GULLLETOYT TOV TUPNVIKOV YOVIOIDLOTOS GTNV VIO LAYV GOLLLIOL.

>to atopa TG UNTpkng oepdg K129 1o emimeda Mg2+ TOL 0pOov MTOV
YOUNAOTEPO GE GYECT] L€ GUYYEVEIG TOL OEV OVIKAY GTNV UNTPIKN GEPE Ko Elyov Kot
avENUEVT EKKPLOT Mg2+ GTO. OVPO OV TIGTOMOLEL UEWWUEVT EMOVOTOPPOPNON Mg2+
otovg veppovc. Emiong, mapammphbnkov pewwpévo  emimeda ca®* ot ovpa,
vroKaAlopior AOY® HEWOUEVIC VEQPIKNG OMOAENS VO dgv mapatnpninke dapopd
otV ékkpion Na* oto ovpa 24dpov.  [15]

H vrnéptaom, eniong, dwywpiletor pe Bdon v untpwn oepd. H emucpdrnon
™G VIEPTAONG OTNV UNTPIKY oepd K129 €deiée eEdpnon and v nlxia, avEavovog
a6 5% oe dropa nlxiog kato tov 30 etdv o 40 % oe drtopa nikiog 30-50 etdv Ko

o€ 95% og dropa dvo tov 50 etov. H emikpdinon g vaéptacng oty UNTPIKN GEpd
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etvat ovuykpioun og peydro Pabuod pe tov yevikd TAnfucuo.

[NINAKAY 7:Méon Tty olikng yoinotepoéing, LDL, VLDL, HDL,

TpryAukepdiov, YAvkO(ng kot woovAvogvawctnciog o evilikeg 18-60 etdv o

unTpIKES Ko un untpkég oepég tov K129, (HOMA= ektipnon opotdetocng)

12 November 2004,Vol 306,Science www.sciencemag.org

XOoupova pe tov mivako 7 og gevihikeg 18-60 etdv ™ untpikng oepdg K129
avénbnke n ocvotolkn| mieon Katd péco dpo 13 mm Hg kot 1 dtectoAkn mieon katd 5
mm Hg. IMopopola amoteréopata Ppédnkav oe avdivon OAwv tov evniikov. Ta
EMIMESO PEVIVIG KOt OAOOGTEPOVIG TOV TAACUOTOS OV EIVOIL S1APOPETIKE OVAUEGO GTOL
ATOpHOL UNTPIKNG OEPAG Kol Un pNTpkng oepds. Emiong, m vmepyoAnotepoiaipio
Swywpileton pe faon v untpikn oepd Ilocotikn avdivon e oAMKNG YOANGTEPOANG
oe evilkeg 18-60 etdv petd amd puduion nikiog, vAov, kot BMI £6e1&e avénon kotd
uéco 6po 26 mg/dL otn untpikn oepd. Avti n avénon anodideton oe avénon g LDL
ka1 ™¢ VLDL yopig 6puwg enidpacn ommv HDL 1 ota tpryivkepida.

SOUTEPACUATIKA, amd TOovg 45 evAMKEg NG UNTPIKNG oEpdg ,38  elyav
TOVAGYIGTOV €va amd To TPl VIAEPTACT|, LIEPYOANCTEPOLALiD, VIOpoyvncopia, 26
elyav OVO amO OVTA TO YOUPUKINPIOTIKA eV 7 &lyov ko ta Tpio. Avtd T oTol el
delyvouv ®¢ aitio PToyovoplakn HETOAAAEN Yoo TO cUVOpopo oty oelpd K129, And
avéAvon aAANAovyoNG Kot ToAVHOPPIGU®Y, Bpétnkav 14 mapodiayéc oty UnTpiKy
oepd. Ot 13 amd TOoVG MOALHOPPICUOVS dev €yovv  yvwortn emidpaot. 'Evog
TOAVHOPPIGUOC OV avapépOnke mponyovpévag eival avtikatdotaon T oe C oty Béon
4.291 vovkAeortidio, mov ennpedlel 10 prtoxovoplakod yovidio tov tRNA g lle. Avti n
petdAroln Ppédnke povo oty pntpikn oepd K129 ko dev Ppébnke oe yldoeg
LUTOYOVOPLOKA YOVISUDUOTH OV oAANAOVYNONKaY Tponyoupévms. Avth 1 HETOAAAEN
etval OHOTANGLUKT G€ AEVKOKVTTOPA OAMV TOV LUEADV TNG UNTPIKNG CEPAG aveEAPTNTA
Ao TovV QovoTLTo, eVA epeaviCel 1% etepomiaciia.

[39]
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Ta dtopa g oepdg K129 eppavitouv kot GAA0 KAVIKG YOUPOKTNPIOTIKG TOV
oxetiCovior pe  ptoyovoplakn SvoAertovpyion OT®G MKPOVI, OTOAEW  OKONG,
VIEPTPOPIKN KapdopvordOelo. Metprioelg petald g untpikng oepdg K129 kot g
un untpikng oe HDL, tprylvkepidw, wwoovivoavtictaon, BMI kot caxyopdon
dwafnn dev £de1&ov onUavTIKN dopopd HETAED TOV dVO GEPOV.

Télog, oe OKEAETIKOVG HOEG TOV OTOH®V HE HITOXOVOPLOKY SVGAEITOVPYiN
Bpébnke 011 0 KOKAOG TOL Krebs yivetor @uololoyikd aAAG Topatnpértor PELMUEVN
napaywyn ATP. Ta evpiuata ovtd dsiyvouv pio pior outiory oy€on ovAUESH GTNV
HITOYOVOplOK  UETOAAOEN  KOL TNV VIEPTOGCT,  LTEPYOANCTEPOAQio Kol
vropayvnoatpio. Avtd 10 yeyovog oamotelel £€voelEn Yo TV EUMAOKT NG
HITOYOVOPLOKNG OLGAEITOVPYiNG 0T0 dtafnTn TOHTOL 2 KOl TNV IVCOLAVOOVTIGTOGT OV
elval emmAéov YopaKTNPIOTIKE TOV HETABOAMKOD GUVOPOUOV. ZTAVIO LUTOYOVOPLOKT)|
HETOAAOEN TpoKoAel OwPnNTn pHe KOE®ON. XACWO HITOYOVOPLOKNG AglTovPYiog
ouvvdéetar pe wvoovhvoavtiotaon. Téhog n ékepaocmn yovidiov g OXPHOS pewwveton
oe oobeveig pe dwPn MOV 2 KOl VGOLAVOOVTIOTAGCY. AV KOl GTO GTOMO TNG
untpikng oepds K129 amovcidlovv 1 wvGovAvoovTtioTtoon, M mwovoopKio Kot 1
VREPTPLYAVKEPOOLID TOPOLGIALOVY OTMAELN TNG MITOYOVOPLOKNG TOVG Asttovpyiag. H
OTOAEWD LITOYOVOPLOKNG AETOVPYiOG pE TNV YHpovon ovyvé cuuPdriel oe OA0 Ta
YOPOKTNPIGTIKA TOL LETAPOAKOD GLUVOPOLOV.

Xopupova pe peréteg tov Atebvoivg Opyaviopod Yyelog kot Aotpo@ng mov
gywav 1o 2009 n emkpdtnon tov petaforkov cvvdpopov (MS) otig H.IT.A givan 34%
oe mAnBvopd niwiag 20 etodv. H emkpdnon tov MS ov&hvetar otig ddpopeg
nAkokég opdoeg yuo to 000 @OAa. Ta tehevtaia ypdvia N emikpdnon tov MS otig
OVOTTTUYUEVEG YOPpES Kal otnv Acia yivetar pe paydaiovg pvOupovg. Xy Kiva m
emkpdtnon tov MS 10 2005 avénnke amd 14-18% kot cvveyiler va avédvetor .
[Tepimov 10 60-80% TtV dfntikdv acbevov gupavilovv eniong MS. H mupoddtnon
oyetiCetar pe avOBvylewd tpoémo Lwmg, €Alewyn dAoknong kol cwOTNG OTPOPNG,
opHoviKéG aAAayég Kot ynpavon. Ot dvo kvpdtepol mapdyovies kvdvvov etvar m
ToyVoUPKio Kol 1 WWGovAvo avtiotoot. Atopo pe ovénuévo koltMokd Admog eivan
mOavOTEPO VA EUPOVIGOLV VTEPTACT], CLENUEVN YOANGTEPOAN, TPLYyALKEPIOW Kot
Amapd o&€a ko ovtd emnpedlovv v vooviivn mov puBuilet ta emineda yAvkoing oto
alpo  odnydvtag oe tvooviAwvoavtiotoon. To MS oeesileton og yevetrwkolOg Ko

nepPailoviikovg mapdyovtes. [Tupnvikd yovidia, coumeptlopfavorévon Tov yovidiov
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TOV VOSOYEA ¥ T®V VREPOEEIBOCHOUAT®VY, TV YoVIdimv Tov Aapvav A/C kot  tov
yovidiov g IL-6 Bswpodvtar vmevbuova i gpedvion tov MS.Ztovg yeveTikovg
napdyovteg meptlopfavovior kot mopoiiayés oo MDNA mov mvpoodotovv v
eupdvion tov MS.

e perétn mov aeopd v mopoddton tov MS katd v veavikn nlkio o 18
ETOV GVTpa HE 10TOPIKO WUNTPIKNG KAnpovopkdttag owprtn Ppédnke ot oty
0KOYEVELD TOV KAmOowo dTopo mopovsialoy oofntn THmov 2 Kot YOPOKTNPIGTIKA TOV
MS evd o 18 etV dvipag dev mapovcioce SofnTn. ZNUEIWTEOV, Uio ETEPOTAAGLOTIKY
petdAroén tov MDNA 1 A8890G, mapatnpndnke otov 18 etdv dvtpa aArd Oyt oV
voloumm owoyévelo. H petdAroén A8890G evromiletor oto yovido tg ATPdong 6
mov kwowomolel pia vwopovada ™ ATP cuvBetdong (ATPdong) ota prtoxovopa. To
évluopo avtd elval ovoTaTIKO TOV KOVOAOD TPOTOVIOV Kot givol avaykoio yw tnv
HETOQOPA TPOTOVIOV KOl TV TTapaymY evEPYEWS (oLyVES HETAAMAEES TOV YOVIdiov
7oV Kodwkomolel To Evivuo sivor ot etepomAaciukég petatponés T8993C war T8993G
nov oyetilovion pe ovvdpopo Leigh kar NARP). Towg n petdAraén avty oyetiCeton pe
dvoiertovpyio TV prtoyovopiov kot icmg cuuPdiiel otnv TupoddToN Tov MS Katd
TNV VEAVIKT NAIKiaL. [16]

ININAKAY 8.KAwvikd xor Poynuikd xopaktnplioTikd OA®V TV HEADV NG

OTKOYEVELG

Molecular Medicine Reports8:1060-1066,2013 doi:10.3892/mmr.2013.1616

O 18 etdv avtpag (III3) dwyvdommke pe MS eved ta vmérouwma péAN g

owoyévelag gppdvicav yapoktnpotikd MS. Ta dropa 12,111,114,115 kon 116 epepdvicav

[41]
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dwfnt v meptocodTEPO amd 1 ypdvo pali pe amdAEW 0KONG Kol MO VEQPIKY
avendpieo. To dropo T11,I16,ITT1 ko 113 #rov vaépBapo pe BMI 25-29 Kglem?. Aev
napatnpnnke kabBorlov mayvoapkio (BMI>30) kot vréptacn oTnV OWKOYEVELX.
EmumAéov o 18 etdv dvrpag (II13) ko o matépag tov (IIS) gppdvilav dvorertovpyio
otov petafolopd tov Amdiov pe vynAd ermineda tprylvkepidiov kot LDL-C,
youniotepo eninedo. HDL-C kot pvbud ApoA-1/ApoBl00 pukpotepo tov 1. Xtov
nivaka 8 @aivovior To KAVIKG Kot Bloymukd YopoKTnploTikd OA®V TOV UEADV TNG
O1KOYEVELNG,.

Avaivon tov MIDNA g owoyévelng €0€1iEe v VmOPEN TG TOPOAAOYNG
T16189C mov oyetileton pe 1o MS. Emiong pio etepomraciukn avtikotdotaon A-G
omv 0éon 8890 tov MIDNA epeaviommke povo otov avipa 18 erov (I13). H
uetahiaén A8890G aAldler 1o Poowkd apwvo&d Lys oe Glu oy 0éon 122 1ng
vropovadag g ATPaonco. Avtd to apvo&d Ppioketol 6Tov EVOOUEUPPOVIKO YDPO TOV
prtoyovopiov kot givor vynAd cvvimpnuévo o€ 30 SopopeTikd €101 OpPYOVIGUOV.
Emniéov, xopioo dAAn petdAraln mov oyetileton pe MS 1 dwpnn dev evtomiotnke
otov 18 etV Avtpa 1 TNV VTOAOUTH OIKOYEVELYL TOVL.

Av kol M owoyéveln etvarl pol TUTIKY SPNTIKN OKOYEVELD, TOPOLGLALOVTOL
YOPOKTNPIOTIKA Tov MS pe Mmoo avénon tov emmédmv g Kvotiviig C evdg deiktn yu
veppikn avemdapkew. O acBevig avipag 18 etdv mapovotdlel Kevipiky moyvoapkio
(vmépPapog pe 95 cm mepipépeta pHEoN), ovomdaiio (VYNAA TpryAvkepiota, YOUNAn
HDL, younid eminedo amoMmompwrteivng A-l/amoimonpwteivig B-100) kou nma
VEQPIKY OVETAPKELDL cOPPova pe Ta emineda ¢ kvotivng C. H moayvoapkio eivor
TapAyovtag Kvddvou Yo TNV VCOLAWVOOVTIoTOON Kot T [ maykpeotikd KOTTOpQ
EKKpivOUV TEPIGGOTEPN, WGOVAIVY avTictobpiloviag tv tveovAvoavrtiotaor. H
dvoiertovpyio. TOV B TAYKPEATIKOV KVTTAPOV TPOKOAEL Tpo-Otafftn mov odnyel o€
dwfnrm. Emiong, o amkdg voukieotidkdg morvpopeiopdg T16189C gupaviotnke oe
O\l To LEAN TNG OIKOYEVELOG.

Av Kot To TLpMVIKG Yovidln epmAiékovtar otV mupoddtnon v MS ot
petaAraéelg tov MIDNA givon emiong onuavtikés ywoo v avarntoén tov MS. H
petodlaén T4291C 1tov proyovoplakod tRNA g lle mapampndnke mpdro 6ToUC
Kavkdasovg pali pe MS. Emimiéov, n T16189C g D Onidg tov mMDNA evéyetan yio
mv avantuén wvoovivoavtictaons, MS kot otepaviaiog vooov. Meléteg €xovv dei&et

ot petodddéers oto MIDNA oyetiovtan pe d1afnm kon eWOKOTEPO 1| ETEPOTAACLUIKN
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petdAloén A3243G tov tRNA g Leu evéyetal yioo Tov UnTpikng KANPOvOUIKOTNTOG
dwfnn Ko emdryel SuoAgttovpyio TV pToYovopimv. Xtov Tivaka 9 tapovoidlovtal ot
napordayés 6to MDNA mov gppaviotnkoy otnv okoyEvela.

MINAKAZX 9.TTaparrayég MDNA oy owoyévela

Molecular Medicine Reports8:1060-1066,2013 doi:10.3892/mmr.2013.1616

H dvoiertovpyio towv puroyovopiov, Omwg mailel onuoviikd poro otV
nafoyévela Tov S1afnTn TOIOVL 2, YopaKTNPLoTKO Tov MS, 0w 1 voovAvoovTicToon
KOl 1) EAUTTOUEVT TTOPAYOYT IVGOVAIVIG. XNV ekova 16 cuvoyileton  oxéon avaueca
oTOV LEWWUEVO apOud aviypdeov MIDNA cg kOTTOpO TEPIPEPIKOV OUILOTOG TTOV £ivat
deikng Tov MS.

EIKONA 16.Zyéon peiwuévov apBuov aviypdoov MtDNA oe kOttopo
TEPUPEPTKOV OLLATOG KO YOPOKTNPIOTIKG St Tn TOTOoL 2.

Predictor of future
devetopment of drabetes

Hyparglycemia \ ’ / Incrwased insulin resistance

Increased Decreased acute
waistihip ratio T ——v_ Decreased miDNA __— jnsulin response
copy number
in peripheral

blood cells

High blood pressure / / \ \ Decroased fat oxidation
ypeniy o y

Association of decressed mtDNA copy number in periphend BMood cells with vanows pashophysialogical abnoomalities of type 2 diabetes

Y.M Cho et al./Diabetes Research and Clinical Practice 775(2007)S172-S177
Do0i:10.1016/j.diabres.2007.01.052
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Inuetoxéc petaAraéelg 1 eddeippota oto MDNA oyetiCovtor pe v untpikd
KANPOVOHOVEVO PNt KOl EMioNG GULUUETEYOLV Kol otnv Taboyéveln GAA®V
YAPOKTNPOTIK®V ToV MS €kT6G amd v vepyAvkoio. Ot TeEPIocOTEPES ONUELNKES
netaAlaéelg Exovv Ppebel og yovidwa tRNA. Meta&y avtav 1 A3243G oto tRNA ¢
Leu etvon n mo kohoperetnuévn kot £xel avaeepOel mponyovpévmg vo oyetiletan pe
ptoyovoplakn pvomadeio, eykepaiomdadeln, o&eidwon yaraktikod, MELAS, pntpikd
KAnpovopovpevo dafftn kot koewon (MIDD). v Kopéa poéovo 10 5% tov
SwpnTikav giyav ™ cvYKeKPEVT HeTAALAEN, avTO deiyvel OTL | cuXVOTNTA NG Elval
ondvia Ko €Enyel pikpd mocootd ¢ maboyévelag tov daPntn. Emiong, n petdhioén
T4291C eivar kpioyun yio v Aettovpyia tov tRNA.

Muog kot o ofntng Tomov 2 givor o mo Kowdg, mpdopata Ppédnke ce perén
mov &ywe oe Evpomaiovg 6t1 dev vmbpyer amddelEn oyfong UETOED KOOV
molvpopeicpudv oto MIDNA kot dwapn 2 otovg Evponaiovs. Ze avtiBeon pe ovtd n
napoiroyn T16189C mov eivor kowvdg moAvpopeiopog tov MIDNA Bpédnke ot
oyetileTon pe voovVAVoaVTIoTAOT) , TOYLGAPKIN Kot S1aPnTn 68 Hepkovg TANBVGLOVG.

Ymv Aocia avdivon mov €ywe oe 01dpopovg mAnBvopovg €oeie OTL O
OLYKEKPIUEVOS TOAVHOPPIGUOG oyeTileTOon e evacOncia otov dafrytn Tomov 2.

[ToAvpopoiopoi oe mopnvikd yovidww mov pvOuilovv ™V  UITOYOVIPLOKN
Aertovpyio kat Tov dwaPnTn tomov 2 yia tov PGCla (Peroxisome proliferator-activated
receptor gamma coactivator 1) kot y tov mopnvikd mopdyovta NRF1 (Nuclear
Respiratory Factor). O PGCla egumiéketor otmv Proyéveon TovV HITOXOVOPI®V,
Oepuoyéveon, ofeldwon Amapmdv 0EEmV, NIOTIKN YAVKOVEOYEVEST Kol XpNon YAVKOING
oo TEPLPEPKOVG 16ToVS. [ToAvpopeiopol yuo avtd 1o yovidwo oyetiCovron pe dwafprtn 2
o€ UePKOVC TANOLGHOVG. Av kor dev €xel Ppebel onuUavTiK] GYXEoM OVAUECO OE
moAvpopeicpovg tov PGCla kot kivovvo yo dopn 2 otovg Kopedteg, Bpédnkav ovo
noAvpopeicpol mov oyetiCovior pe mupoddTnon Tov SaPnIn 6 MAKio KAT® TOV
40eTdV. [18]

O NRF1 etvor petaypoeikdg mapdyovtag mov dpo 6€ TuPNVIKE yovidio mov
KOOIKOTO0VV VIOUOVADES TOV EVEDUMOV TNG OVOTTVELGTIKNG AAVGIONG KOl GLUGTATIKA TNG
avTypoeng kot petaypagns tov proyovopiov. O NRF1 mpocdéveror kot gvepyomotel
VIOKWNTEG TOAADV YOVISI®MV TNG LUTOYOVOPLOKNG OALGIONG UETOPOPAS NAEKTPOVIEDV

omwg 10 cytc, vmopovdoa 8 e NADH agudpoyovdong , vropovades oEedacdv 6To
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KLTOYp®LO, VIopovadeg ATPacdv, ptoyovoplaxd petaypoaeikd mapdyovio A (TFAM).
H agpdfia doxnon av&hver v ékgpacn tov NRF1 otovg okeleTikodg pug evd
vrepékppacn tov NRF1 oe movtikio av&dver v petapopd yAvkolng o©TovG
okeheTikoOg pug . ‘Exyovv Ppebel 12 amlol voukAeotidikol mOALHOPPIGHOT Kot Evog
npocOnkng/araroipng oto yovidio NRF1 ce Kopedtec. Amod avtovg ot 9.141G>T won
9.54529A>G delyvouv avénuévo kivouvo yio dopnm 2 kot iowg kot o aridtumog H4.
Ymv ewova 17 ocvvoyilovioaw ot yevetwkol mopdyoviec mov oyetilovion pe v
dvuodettovpyia TV pItoxovopimv.

EIKONA 17. TI'evetwkol mapdyovieg mov mhovov oyxetilovtol Le PToyovoplok

dvciertovpyio Ko ovamTuEn dwarytn 2.

Nucloar DNA Mitochondrial DNA
PGC Yen
I24IA>C
NSy 18188T>C (7)
wte Comman haplogroup (7)

Bl

Mitochondrial Dysfunction

l

Insulin resistance and/or S-coll dysfunction

Diabetos Mellitus

Genctic factors possibly related 1o smtochondnad dysfunction

mnd development of dlabetes mellitus

Y.M Cho et al./Diabetes Research and Clinical Practice 77S(2007)S172-S177
D0i:10.1016/j.diabres.2007.01.052

Ye pelétn mov €ywve PBpébnke 611 10 mocd tov MIDNA peidvetonr 6e KOTTOPA
TEPLPEPIKOD aipatoc acbevav pe pn wvoovivoegaptopevo dapntn (NIDDM) kot
eniong ta younAotepa emimedo MIDNA mponyovvtor g avdmruéng dwpnmm ot
oyxetilovtor pe UEPIKEG TAPAUETPOVS TNG VGOLAVoavTiotaons. Métpnon g péong
nocOtntag tov MDNA pe avédivon vBpidiopod Southern blot oe aoBeveic ue NIDDM
K0l 6€ QLOOA0YIKOVG €d€1Ee Ot glvan 35% yauniotepn otovg acBevelg kan emiong 1
nocotnta MIDNA dev oyetiletar pe v nikia, tov BMI, v didpkea tov dafnt 1

10 eminedo HDA 6ntwg mapovoidletar otny wodva 18, .
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EIKONA 18.TTocotikonoinon MDNA ce Agvkoxvttopa Teppepkon oiplatog

petald acbevav e NIDDM kot un acOevov.

H.K.Lee et al./Diabetes Research and Clinical Practice 42(1998)161-167

Ymoloyilovtag v mocotnta MIDNA og dropo mov eppavifouv cakyopmon
dwpnm péca oe 2 ypovia £06eice 0Tl dev Ppédnkav drapopég otnv mieon aiplaTog Kot
0T0 AMMOIKO TPOPIA pHeTad aVTOV MOV EUPAVICOV OWOPNTN KOl OLTOV 7OV OV
eupavicav ommwg mopovoidletal otov mivake 10. Emiong, n péon mocotmra mtDNA
NTav YOUNAOTEPT] GE OVTOVG TTOV EUPAVICAY COUKYOPDON OlofnTn.

ININAKAY 10.KAvikd yopoaktnpioTikd oTOpm®V Tov EUEAVIGOY ST UETA

amd 6o xpovia

H.K.Lee et al./Diabetes Research and Clinical Practice 42(1998)161-167

‘Evog dAlog mopdyovtog mov avédvel tov Kivovvo yio epgdvion ov MS kotd
60% civor n epumvomavor. H oyéon petald epunvomavong kot MS eivar ave&dptnm
amo mapdyovies Onwc n nikio, BMI, copatikny doknon mov dgiyvel 6Tt tal 016TpoydVAL

fowg &xovv évav mTpooTaTeLTIKd POAO Katd TG avantvéng tov MS. Tlpdcpate peréteg
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&yovv Ogiéel 6Tt To owotpoydva mailovv weEAMpo poko oty Ployéveon TV
ptoyovopiov kot v Asttovpyia tovg mailovtag péAo otn pLOUIC TVPNVIKAOV KoL
LITOYOVOPIOIK®Y TPOTEVOV KOl 6TV avTIoEedmTikny Opdor. Avciettovpyio TtV
®WoONKAOV Kol TPOKANGN HEl®ONG TNG LUTOYOVOPLOKNG Agttovpyiag ovuPdiiovv oe
avénon g emkpdtnong tov MS.

[Mowilot pnyavicpoi 6mwg M woovivoavtictaon (IR), omloyvikd Aimog,
QAEYHLOVAOES M OVIUPAEYUOVADOELS KLTOKivEG kOBMC Kou 1 gvepyomoinon Tov
CLGTHWOTOG PEVIVNG-0yYEL0TEVGIVIC-0Ad00TEPOVIG cvuPdAlovy oto MS. Téhog, 1
pitoyovoplaxkn dvoAiertovpyioa Ommg €xel avapepbel kot mponyovpéveg odnyel o€
TOYLGOPKIO KOl VCOLAVOOVTIGTAOT) ev®d M pelwon Tov apluod avtypdewv Tov
MtDNA oyetiletan pe gppdvion tov oafntn tomov 2.

Ye pedétn mov &ywve ¢ oxéong tov MS kot g [Toyovoplakng Agttovpyiog
petpnnke o apBuog tov MDNA og AgvkokDTTOPA YOVUIKOV e EppmvoTavoT Kot MS
KOl O€ Yyuvaikeg pe guunvomavon oAld yopic MS. Ta omoteAéopota  mov
napovotdlovion otov mivaka 11 €deiav 0Tl 0gv LTAPYEL OlPOPA TNV TiEON TOL
aipatog, oAkn yoinotepoin, CRP, opoxvoteivn, ovpikd 0&D, KATVIGHQ, OAKOOA,
doknomn Kot TNV xpnon ovtidpnTiknig aymyng petald tv dvo opddwv yovakov. Ot
yovaikeg pe MS eiyav onpovtikd peyodvtepeg Tiuég péong nikiog, BMI, mepupépetog
péomg, YALKOONG Kol tvGOVAIvIng HETA amd vnoteia, TPyAuKePdimV Kol EKavay yp1Mon
OVTI-UTEPTACIKNG aywyns avtifeto pe Tig yvvaikeg yopic MS. Ta emimeda HDL
YoANoTEPOANG Ko 25-vopouPrrapivng D frav onuavtikd younAdtepa oTIC YOVOIKES LE
MS.

[INAKAY 11.KMvika yopoaktpiotikd yovorkov pe MS kat yopic MS

Menopause,Vol 19,N0.5,2012 doi:10.1097/gme.0b013e31823a3e46
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O apBpdg aviypdowv MDNA ota Agvkokvttapa Tov yovakev pe MS ftav
yapmAdtepog oe oxéon pe avtég yopic MS. Emumiéov, xobng o apBudg tov
YOAPOKTNPOTIKOV 0V MS avédvetar 1 cvykévipmorn Tov aplBpod avIlypae®y Tov
MDNA ota Aevkokvttopo pewdvertor  Omwg mopovclaletor oty  wova 19,
ZYKpIvOVTOg YovaiKes otny eUUMVOTOLGT OV ElYov Ayotepa amd 600 YOPaKTNPIGTIKA
tov MS pe yovaikeg pe punvonavon pe meptocdtepa and tpia yopakTnplotikd tov MS
o apBuoc tov avtypdoov tov MIDNA ota AgvkokOtropa tov TeAevtoimv MTov
ONUOVTIKA YoUNAdTEPOS OTOC Qaiveton otov mivako 12. Emiong, ota Agvkokvrttopa
YOVak®v  pe  gpuunvomovon ko MS  mov  glyav  kotMokn  moyvoopkio kot
vreptpryAvkepdopio o apBuog twv MDNA ftav yapunAotepog 6e oYEoN e QVTES TTOV
elyov epumvoTavotn aAld o6yt MS. [20]

EIKONA 19.Ap18udég mtDNA o€ yovaikeg pe epunvomavon pe 1 yopic MS

Menopause,Vol 19,N0.5,2012 doi:10.1097/gme.0b013e31823a3e46
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MINAKAZY 12.Ap19p6¢ mtDNA & AgukoK0OTTOPO YOVOUIKADV LE EUUNVOTOVCT| LE

N xopig xapakmmplotikd tov MS

Menopause, Vol 19,N0.5,2012 doi:10.1097/gme.0b013e31823a3e46

XOoppova pe tov wivaka 13, o apBudg mMtDNA oo AevkoKOTTOpO YOVOIKOV LE
epunvomTavon givor opvnTikd oyeTCOUEVOS LE TNV TEPLPEPELD. LEGNS , IVGOVLAIVI] HETA
amd vnoteio, OAMKN YOANGTEPOAN Kot TptyAvkepidla evd eppaviCel BeTikn cvoyétion pe
ta emineda 25-vopolvPrrapivng D tov opov. Téhog, o aplBudog MDNA ot
AgvkokvTTapa NTov aveEaptntog pe 1o MS votepa amd TPOGAPUOYN GE TOPAUETPOVS
omwc n nikia, BMI, HOMA-IR (Homeostasis model assessment of insoulin resistance),
25-vopoéuPrrapivn D, adurovextivy, CRP.

ININAKAY 13.3voyétion petald apiBuod MIDNA  Agvkokvttdpov kot

SPOP®V LETOPOAMKOV TOPAUETPOV

Menopause,Vol 19,N0.5,2012 doi:10.1097/gme.0b013e31823a3e46

To EBvikd Kévipo Yyelag wor Awatpoeng g Kopéag omupocicvce 611 1
emkpamnon tov MS eivar mepimov 1/3 tov cvuvolikod TAnBvspov g votog Kopéac.
Enmiong, avaeépOnke OTL dwtopayés Ommc 0 KOPKIVOG, VEVPOEKPLAMOTIKEG KoL
Kapdwyyelkes acBévetec, petafoikés datapayés oyetilovian pe duoAiettovpyio TV
pitoyovopiowv. Ipdyupatt, aAlayég otov apOud avtrypdemv oo MIDNA &xovv Ppebel
oe acbevelg pe VELPOAOYIKEG SLOTOPAYES KOl TOAAOTAY] GKANP®ON EVO UEWUEVOS

[49]

Institutional Repository - Library & Information Centre - University of Thessaly
14/10/2023 15:47:00 EEST - 167.114.118.212



apBpog MDNA oyetileton pe dwfntm tomov 2 kot dvochmdopio. Xtr HEAETN TOL
&ywve ovppetelyov 5.178 evikeg 40-70 etov g votwg Kopéag ko Eexivnoe tov
Noéuppro tov 2005 eved ohokAnpmOnike tov I'evdpn tov 2008.

Méoa oe 2,8 étm 10 36,6% tov atdpwv oavéntoéav MS. Apywd, o BMI,
TEPIPEPELD.  UECNG, OVLOTOAIKN KOl OlOTOAMKY mieon, tptyAvkepidw, HOMA-IR
(Homeostasis model assessment for insoulin resistance) ntav OAa onuavtikd
vynAdtepa evd n HDL yoAnotepdin Ntav onuaviikd xounAdtepn oe ekeivouv mov elye
enpaviotel 1o MS oe oyxéon pe ekeivoug mov dev elxe eueaviotel. O apBpog
avtypaeov MDNA ftav onuovtikd yopunAdtepog e avtovg mov eppdvicay MS og
oxéom HE aVTOVG OV OV gppdvicay. AvtiBeta, to éAleupo MIDNA frav peyoidtepo
o€ avtovcg ov glyav MS og oyéom pe avtovg mov dev giyav. H avoroyio mbavothtov
(OD=o0dd ratio) yio v avamtvén MS oto péyioto apbud avirypaeov mtDNA
OLYKPWVOUEVT] pE eKelv) 010 eAdyioto apOud frav 0,34. Ot avtictoyeg ORS yio
peyaan mepupépeta péong, younin HDL, vynid tprylvkepiown kot vymAn mieon nrav
0,33, 0,26, 0,40, 0,70. H OR yw gppdvion MS kot vynAotepn avaloyio eEAAEILIOTOS
MIDNA cuykpvopevn pe v yauniotepn avoroyio ntav 3,12. Ta amotelécpata
eaivovtol otov mivako 14. Zvumepacpatikd, avénpévog apliuog avtrypdemv mtDNA
oyetileton pe younAdtepo kivovvo yioo MS eved avénuévog pvbuog ealeippotog mtDNA
ue peyoldrepo Kivovvo yio MS. [21]

[NINAKAY 14.Avoloyio mBavotitov (OD ratio) yw spedavion MS kot

YOPOKTNPICTIKAOV TOV cOUP®VA e opliud MIDNA kot avaloyio eddeippoatog MDNA.

Diabetes@ Metabolism 2016,www.sciencedirect.com ,http://dx.doi.org/10.1016/j.diabet.2016.09.007
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2.2 OEEIAQTIKO XTPEZ-IT'HPANXH KAI METABOAIKO XYNAPOMO

Ot epiocdtepot acbeveic mov gppavilovy MS eivarl Toyvcapkot, peyoaAdTepng
nAkiog Kot pe wveoviwvooavtiotaon. Ot mapdyovieg mov 10 mpocdlopilovv givar To0
Bapog, yevetwkol mapdyovteg, nlkio, tpomoc (NG kol PeEYAAN mpdsinym Oepuidwv.
Ouwg mopd v onuoacio g mayvoopkiog pepkés @opéc acBevelg mov &xouvv
QLGLOAOYIKO PBhpog eppovifovy tvoovAVOaVTIoTOOT Kol EKONA®VOVY T0 cuVOpopo. To
oLUVOpopO  ekdNAvVETOL OTOV  TOLAGYOTOV Tpelg omd TG WEVIE TOPAUETPOLS
eEKONAGVOVTOL : OTAOYVIKY] Tayvoopkio (mepipépela péong >102 cm yoo avtpeg ko
>88cm ywo yvvaikeg), avénuévn aptnplokn wieon(>130/85 mm Hg, dvoylvkoipio
(YAvko(n mAGopatog petd omd vnoteio >100 mg/dL), vymid eminedo tprylukepidiov
(>150 mg/dL), younin HDL (<40 mg/dL ot dvtpec | <50 mg/dL o€ yovaikeg).

Ot ROS (ehevbepec Spaotikég pilec o&uydvov) embyovv TV 0&EOMTIKN
KOTOOGTPOPT LOKPOUOPI®V TPOKAAMVTOG KUTTOPIKY SVCAELTOVPYiD pe TV NAKio Kot
otadlKa kKuttapikd Bavato. H otadiokn oéedmtiky| kataotpoen tov MIDNA pe v
nAkio Tpokoiel omdoo T@v aAvcidowv DNA kot 00nyodv 6€ copATIKEG LETOAAAEELS
tov MIDNA. Avtd odnyel 6e PAAPT TOV CUUTAOK®Y TNG AVATVEVCTIKNG OALGIONG Kot
€101 VILAPYEL EVOC POVAOG KOUKAOG LE avENoT TS Topay®yng TV proyovoplakmv ROS.
H nlko-eEoptodpevn avénon g ofedmtikng xotactpopnc ov DNA, Mmwdiov kot
TPOTEIVOV  omotelel amddelln yw v avénon eileudtov oto MIDNA kot
ptoxovoplakng dvciettovpyiog pe v niia.

O xOprog unyaviopdg maboyévelng tov MS glvar 1 tvGovAvoavtictaon Tov
EKONADVETAL OPYIKE EVD G OEVLTEPT PAOT) EKONADVOVTOL 0EEWOMTIKO GTPEG Kol YOUNAOD
emmédov pheypovr). To 0&edmTikd otpeg oyetiletan pe ayyelokés aAlayEs, Toyvoapkia,
™V avamtoén dwprn.

To H0; ypnowomnotei 10 1010 pOVOmATL HE TNV WGOVLAIVY KOl TPOKOAAEL
LLEWOPPVOLIOT) TOL GHUOTOS TTOL TOPAYETOL PLGLOAOYIKA OTTd TNV dPACT] TNG VGOVALVIC.
To H0; mpoxadel avénon ™g TpdsAnyng yAvkodng amd to admoKOTTOPO KOl TOVG
poeg wou emiong mpokodel petaxivnon tov GLUT4 kor odvBeon Amdiov oto

admokvTTopa. DVCIOAOYIKE, 1 VCOVLAIVI] OAANAETIOPA HE TIG O LTOUOVAOES TOL
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vrodoyéa ¢ IR g kuttapikng pepPpdvng. Avtd TpokKoiel aVTOPMOGPOPLAIDGCT TNG
Tyr xou o IR amoktd dpdon kwdong tvpocsiving kot HeTd amd avtd axkoAlovdel
ewopopvrioon tov IRS-1 (Insoulin Receptor Substrate 1) kot kotomy gvepyomoinon
tov Akt kot petatomion tov GLUT4 (Glucose Transporter Type 4) otnv KuTTOPIKY
neuppavn 6mmg mapovoidletoar oty kova 20. H évoon tov GLUT4 oty pepPpdvn
oonyel oe mpoOcANyYn YALKO(NG pe devkdAivvon g dudyvone ™c. H proyovdploxn
dvciertovpyio amewoviletor pe 2 tpdmovg : mapepPaivel pe v ofeidmwon Tov aKLA-
CoA «xor Vv okOAovOn OCLGGMOPELON TV  EVOOKLTTOPIK®OV AUSIOV KOl TNg
SOKVAOYAVKEPOANG KO LETA TNV EVEPYOTOINGCT NG TPOTEWIKNG Kivdong C ko péow
m¢g mopaymyns ROS. Kot ot 2 tpdmot evepyomolodv Tnv Kwvaon oepiviig Tov
QewoPopvMdvel TNV oegpivn Tov IRS-1 mopeunodilovtag £To1 TNV UETAYMYT TOV GNLOTOG
¢ wooviivic. H pwopopvimpévn IRS-1 anehevbepdvovior amd 10 €0OTEPIKO TNG
pepPBpdvne Kot mpokaAovv  OofAOon TOV TPOTEWVAOV KOl £TCL 1 WVGOLAIVT
OTOTLYYAVEL VO AKOAOVONGEL TO PUGIOAOYIKO HETOPOAIKO LOVOTTATL. [23]

EIKONA 20.H prtoyovoproky, ovcAettovpyion pvBuiler 10 onuatodoTikd

HOVOTATL TNG VGOVAIVIG

The Scientific World Journal,2014,1D:604685,http://dx.doi.org/10.1155/2014/604685

EmmAéov dvciertovpyia tov putoyovopiov mailer kevipwd poéro  yuo
LETAPOMKES KO Kapdlayyelkés oatapayés (otepaviaio vOGog, LIEPTaoT, KOPOUK
dvodettovpyia, gufoin oyetifovion pe wvoovAvoavtiotaon kot owfn). Ta ehevbepa
Mmapd o&a (FFAS) ovppdAlovv otnv 1vGOLAVOOVTIGTOGT, HEWWUEVN KOPOLOKN
wovotta Kot petopévn mapoywyn ATP eved avEdvouv v Hookapdlokn KoTovaAmon)

o&uydvov 6 o oapKa Kol [Le tvoovAvoavtiotaon tovtikio 0b/ob.
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To 0&edmTiKd 6TPEC GLVOSEVETAUL Od AVENIEVN GVYKEVTP®ON 6T 0vpa TG F2
oompootavng (8-emi-tpootaylavdivn F2a) mov eival mpoiov ofeidwong tov Mmidiov
Kot ovTd GUVOVTATOL Kot 6Tov dtafntn tomov 1 ko 2 ko oty mayvoapkio. EmimAiéov,
avtdg 0 deiktng oyetileton pe ta emineda yAvkolng oto aipa. To 0&edwTikd otpeg eivan
N TpAOT edon tov dwPrtn 1 pe petopévn weoppomio oe NO, ovpikd 0&d opod (1oyvpod
avTo&edmTIKO) Kat acOUpUETpN-Otuebvr-L-apywvivny (ADMA). [22]

Emiong, ot ROS tpomomotovv v ékppacn TG odUOVEKTIVIIG TOV eKKPIvETOL
a6 T admoKVTTapO Kot £Tol oyeTiletan pe v moyvoapkio Kot Tov avénpévo kivouvo
v Kapotlayyelakd voonuata. Ot dgikteg ¢ vrepoleidmwong twv AMmdiov 610 TAAGHA
KOl To 0VPOL TOV lval EVOEIKTIKOT TOV 0&EWMTIKOD oTpeg oyetilovian pe younAdtepn
OLYKEVTPMOOT] AOUTOVEKTIVIG 6TV KukAoopia. Ta moyvoapko dtopa £x0VV LYNAOTEPO
EMIMEND OEIKTAOV 0EEWOMTIKOV GTPES KO 1 AmOKTNON PAPovs avéAvel avTd to. emimedal.
To 0&ed®TIKO OTPEC KAl 1| PAEYLOVT] OEVTEPELOVIMG AEAVOLY TNV aVaAOYioL AETTiving
o€ admoveKTivi Kot ov&avouv ta eminedo GAA@V adutokivav Oommg eivar o TNF
(Tapdyovtag vEKpmoNg OYK®MV) Kol 0 avaoTOALNG evepyomoinong mlacuvoyovou 1. H
ayvoopkio oyetiCeton PLe VLEPTAOT, WVGOVAIVOOVTIOTACT), OOPNTY), VIEPAUTIOOLIN Ko
kafévo amd avutd pmopel va avénoet tov Pabud Tov 0EEMTIKOD GTPEC. ZVyKpivovTog
nayvoopka dtopa yopic MS pe moyvoapka mov Egrovv MS, ta televtaio epeaviovv
peyorvtepo Pabud o&edmTikol oTped.

Téhog, ahEnon TV SEIKTOV ToL 0EEWMTIKOD 6TpeC 610 TAAGH acBevodv pe MS
mov gpeavifouv OAa Ta YOPOKTNPIOTIKG TOL KOOMG KOl VEQPPIKN OveTdpKeLn deiyvel
OeTikn cvoyETIoN e VENUEVT CLYKEVTIPMOOT TPIYAVKEPOI®MV GTO TAACL KO YOUNAN
HDL.

Inuavtikd yovidle mov avéavovv to mpoodokipo Cwng (lifespan) sivor g
Kwéaong MTOR o16y0¢ ™¢ pamapvkivig, 1 TPOTEWIKT KIVAGT TOV EVEPYOTOIEITOL OITO
AMP (AMPK), sirtuins kot o avéntikodg mapdayovtag woovriving 1 (IGF-1). Avtd to,
yovidw evvouv ta povormdtio pakpolwiog pe avtd Tov HETaBOAMGHOD delyvovTag £TGL
011 10 TPoGdOKIHo LmNg e€apTdTon amd TV SBEGILOTNTA EVEPYELNG.

H onpatoddmon péom tov IGF-1 mpocdiopier v pokpolwio. Avopoiieg oto
LLOVOTLATL CNILOTOOATNONG TG VGOVAIVIG TTPOKAAOVY NAIKLO-£EQPTMUEVES GOEVELES Kot
avénuévn Bvnoomta, 6mov o dfovog avéntikng oppovng GH/IGF-1 6o prnopovoe
duvnTiKd va cuvelseépel oty poaxkpolmic. Xe peyddn niwio, yopnAd enineda 1GF-1

oyetiCovtol pe advvapio, ETOyN OTPOPY] Kol LEIMON YVOOTIKNG KOVOTNTAS Kot £TGL
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avEnon kwvdvvov yia Bavarto.

H ynpavon emraydvetor 6tov mopovstaloviotr PETUPOMKES 1 KOPOIYYEIOKES
acBéveleg kot o kivovvog acBeveidv avédvetar pe v ynipavon. Ilapdyovieg mov
av&dvouy Tov kivouvo eupaviong acBeveldv pe TV YRPovon eivar n moyvcopkio, 1
WGOVAVOAVTIGTOGT, 1| PAEYHOVY, aAAOYEG oTNV evepyomoinon tov d&ova vroBaAdpov-
VIOPLONG, OTPEG KAl VITEPTOOT] ,EVM, OA avTd poli av&dvouv v gpedavion tov MS. H
YNPOAVOT, 1| TVGOLAIVOOVTIGTACT] KOl TO KOPILOYYELOKO VOGTLATO ETITOYVVOVTOL LLE TNV
exdnAmon tov MS.

[Tepdpato oe movtikio pe VREPEVEPYOTMOINGON 1 KATOGTOAN YOVdi®V 7OV
eumAékovtal oV ynpaven ommg Sirtuins, p66Shc, kot MTOR odnyovv ce avdmtuén
yapoktnpotik®v tov MS. Exiong, oAloyn oty éxepacn g FOXO, evig
petaypaeikov mopayovto, kot otov IGF-1 emmpedler v SwbecuodtnTor Opentikmv

OGLOTOTIK®OV Kol GUVERTMOS TNV pakpolmioL.

Toa ptoxdvopla eivar 1o «PloAoyikd pordy TG KLTTOPIKNG YNPAVONS Kol
oopupmve pe oavtd 1o 2007 o Passos onuocievce pion pedétn mov €0€iEe OTL T
ypacpéva kottapa €govv peyaddtepa emineda ROS, Svoiertovpykd ptoyovopia,
TePLocoTEPO omacipato ™ dwmAng ehkoc DNA kot pukpdtepa TteEAOUEPT KOl OVTO
eavepwvel 0Tt ot ROS gvioyvovv v ynpavon mov eEaptdtarl amd To TEAOUEPT). TNV
ewova 21 ocvvoyiletoan n ovvdeon tov ROS pe 1o yopoktnploTikd tov HETOPOAKOD
GULVOPOLOV KOl TH YHPOVOT). [22]

EIKONA 21.Xyéon peta&d ROS, emrtdyvvong ynpoavong kot UETOPOAIKOV

oLVVOPOLOVL.

www.aginganddisease.org, http://dx.doi.org/10.14336/AD.2014.0305
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2.3 MicroRNAs KAI MITOXONAPIAKO XTPEZ XTO METABOAIKO £YNAPOMO

H royovopuokr dvcieitovpyion mov mpokoAeitor amd oAAayég o1y EKQPAOT
tov miRNAS €&yer mpotabel ¢ évag moapdyovtag mov GUUPAAAEL otV EUPAVION
HETOPOAK®OV acOeVEIDV, EVO TOVTOYPOVA, N AVOUUAN EKkepacn oplopévav miRNAs
oyetileTon pe emaym®yn oTPEG ToL EVOOTAAGHATIKOV d1kTvov (ER) mov mpokoaieiton amd
10 TAedvVacpa BpenTtiKdV ovoldv. Meréteg delyvouv ot oo miRNAsS givor cOuvoEGHOG
HETOEL 0&edMTIKOD 6TPEG Kot oTpeg Tov ER, 600 00wV o1peg mov amoppubuilovion otig
petofoikéc achéveleg kot oyetilovrol Pe VIEPTOPAYWYN TOAD YOUNANG TUKVOTITOGC
Mmompoteivov (VLDL). H dvcMmonpotetvorpio cuyvd cuvodeveton amd UeETOPOAIKO
oVvdpouo, to omoio apyiler pe vmepmapaywyn ™mc VLDL kot aAlowwpévn Proyéveon
™G VYNNG TokvoTtnTog Amonpoteiving (HDL).

Ta miRNAs sivon po katnyopio pikpodv un kodk®v RNAs, pe unkog mepimov
22 voukAEOTIOI®MV. ZVUUETEYOVV GE SLOOIKAGIEC OTWG O KVTTUPIKOS TOAAATAACIUCUOG,
dpopomoinon, andmtwon kot petafolopnoc Mmdiov. To yovidie twv miRNAS eival
nepitov 10 1% tov yovidwdpatog. H poBuion tov miRNAS ompiletoan o1
ocounAnpopotikdéte  petahd tov miRNA kot tov mRNA tov  yovidiov
oTOYOV, UE TG ovumAnpopotikes 0Béoelg  ocuvvifog  va  Pplokovtor  péoa
o010 3’UTR dxpo tov mRNA. To yovidio mepiéyel cuyvé COUTANPOUATIKEG BEGELS Yo
apketd dapopetikd MIRNAS evd v idwo otryun éva MIRNA pmopel va puBuilet
TOVTOYPOVE TOALG Srapopetikd yovidw. To 60% OAwv tov avBpomvev yovidiov
eréyyovian and miRNAs. Iepinov to éva tétapto tov avBpdmveov miRNAs Bpicketot
péca ota wTpovie GAA®V YOVISI®V TOL KOOWKOTOOLV TPMOTEIVEG, EMITPEMOVING TN
ocuvtovicpévn petaypoen tov miRNA kot tov mRNA otoyov. Tlpdta onpovpyodvton
otov mopnva ta Pri-MiRNAS kot petd ovtd S100TOVTOL LECH GTOV TLPNVO Y0, VO
dwcovv ta. pre-miRNAS pikovg mepimov 70 vovkieotidiov. To pre-miRNA e&dyeton

0T0 KLTTOPOTAAGHO OTOV avayveopiletor kol vroPaiietal oe enefepyocio omd v
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Dicer, pa evéovovkiedon RNAdGon III. To pikpod dikAwvo miRNA EgtvAiyetar kot 1
uio aAvoida eneEepydletar omd v tpoteivn RISC ko étot Tpokvmtel to MIRNA.

H oavanmoén 1tov  petofoikod  ouvopopov  cvvibmg  cuvodevetal
HE TNV EVEPYOTOINOM TNG METOUPAEYHOVNG, HOG HOPONG YPOVIOG QAEYUOVNG TOV
eAéyyeTon omd kuTTOpa Tov petafoAcpov. Ilpokadeitor amd mepicosio Opentikdv 1
AoV petafoMtodv Ko €xel ©G omoTtéAecpa aLENUEVY] EKKPIOT]  PAEYUOVMOIDV
KUTOKWVOV Omwg 0 mopdyoviag vékpwone oykwv TNFa kot IL-6 ko evepyomoinon
QAEYHOVOO®OV povormatidv 6mwg C-Jun, NH2-tepuatikég kivaoeg (JNK), IKB kivdon
(IKK) ka1 mpoteivikéc kwvdoeg mov gvepyomoovvior and RNA (PKR). Xto MS
eppaviletor eAeypovadeg otpeg mov amoppuiuilel tov petofoicpud g VLDL. H
ovykévipoon TNFa tov mAdopotog ocvoyetiomke 0Oetikd pe ) ovykévipwon VLDL
TAAGLaTog KaBmG Ko pe Evay oplud mopayoviav Kivddvov yia ) ote@aviaio voco. H
Otk ovoyétion HETAED QAEYHOVOO®OV Topayoviov Kot vrepmapoymyns VLDL
ONMAdvel  OTL M OVOOTOAN NG QAgypovng  umopel  vo  mpodyst TNV
dvohmdoio o€ dTopa Pe HETAPOAIKT VOGO.

Ytorgelo amd peAéreg €o€iEov OTL o1l Aeyuovaddelg amokpicels pvOuilovion
amd opiopévo miRNAs, dnwg miR-223, miR-15a kot miR-16. Ttovg Mrmdelc 16T00¢
novtikdv MiR-223 KO (Knockout) fitav avénuévn n eAleypoviy oe oxéon pe movtiKio
WT (Wild Type) ko ovtd ogeiletonr oty avénuévn d1eicdvuon HOKpoOQaymv Tov
Mrwoovg otov twv KO movtikov. Tlovtikio WT mov éhafav kdtTopa pHuelod Tov
ootV and miR-223 KO movrtikia ko tpogodotnOnkov pe HFD yia 8 efdopdadeg
avémTuov  ONUOVTIKY]  OVTOY OTNV  WGOVAIVI] ©€  GCUYKPION UE  OVTA
oL EAafov KOTTOPO HVEAOD TV 06TMV 0md TovTikovg WT. MeAétn amokdaivye 0Tl TO
MiR-223 otoyevel To mRNA tov Pknox1, piog tpmteiving mov sumiéketon otnv pouduion
TOV LOKPOPAY®V Kol LEWVEL TNV EK@paot TG Pknox1. EmmAéov, to miR-223 Bpébnke
0Tl avooTtéAAel dueca T @Agypovadn dpactnpotnta ¢ NLRP3. H avénuévn
éxppaon tov miR-223 katd v yopriynon HFD pmopel va givor po avtamdkpion tov
OVOGOTIOUTIKOV GUOTAUOTOS Mote vo vmhpler Peltiowon g @Aegypovig mov
npokaieitar amwd to HFD. Avtd ta otoygia deiyvouy 011 1 apbovia optopévav mIRNAS
B0 pmopovce va amoTeEAECEL E€VOEYOLEVT] OTPATNYIKN YO TNV KOTOTOAEUNGY] TOL
VIEPPOAKOV BPENTIKOD GLGTATIKOV TOL TPOKOAEL TNV QAEYHOVT.

H UPR givon Bacikd cuotatikd g AEYHOVAS KOl TOV SIKTOOV GNUOTOdOTONG

TOV GTPES. KOl EMIONG CLVOETAL [LE TNV JTOPAYN TOV UETAPOMOHOD TV ATdinV Kot
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TV Mmonpotevev oto MS. To ER otpeg gvepyomotet 3 dapepppoavikovg aicOntmpeg
IRE1 o/B, PERK kot ATF6 tev omoimv o1 Asttovpyieg eivar vo d1euKoADVOLY TO KOTTOPO
va mpocoppootel 6to otpeg. H ProcvuvlBeon g apoB dwpopedvetal t6co and v
WGOoLAIvY 660 kot amd 10 ER otpec. Mewwpévo ER otpec mov mpokoieiton omd ta
erevBepa Mmopd o&éa (FAS) avéavel tnv ékkplomn apoB evd n peyaidtepn poptwon ce
Mmidio mpoxkoaAel otpeg kot peiwon g apoB. H ouvveyng éxkpion apoB amod
nratokvtTapo Tpokarel ER otpeg ko tveovivoavtiotaon. H evepyomoinon tov PERK
npokodel ékppacn Tov miR-211 mov croyedel Tov vrokivnt tewv chop/gadd 153 kot
eCacBeviCer v €keppacn tov. Avtd mapéyel ™V SvVOTOTNTO Y. TO KVTTOPO VO
OmOKOTOOTNOEL TNV  opoldotacn mpwv  eméAber  amdntoon. Il  evowpépovoa,
evepyonoinon g PERK xatd 10 ER otpeg oe ovvovoaoud pe tov HETAYPOEIKO
napayovto. NF-KB emdyst tqv ékppoon tov mMiR-30cC-2* kot avtd pe v oepd Tov
avéavel v ékepoon tov XBP1 kot €161 AOy® avtolh mpodystanl 1 NIOTIKN EKEPOCT
VLDL ev m peiwon g XBP1 pewwver ta tprylvkepide tov mAdopatoc, v
YoANoTEPOAN Kou T eEAeV0epa Mmapd 0EEa e€antiog ™G petmpévng éxkpiong VLDL.

H evepyomoinon ¢ IRE, evog dAlov asOntipa tov ER otpec daond to pre-
MiR-17 odnydvioag otnv pewwuévn ékepactn tov MIR-17 1o omoio KoTooTEAAEL
KOVOVIKA TNV £KQPOon TG TPTeivng mTov aAAniemdpa pe Oetopedo&ivn (TXNIP). 'Etot
petd evepyomoteiton 1 NLRP3 tng pAeypovig kot endyeton amdTT®ON GE TAYKPEATIKA
KOTTOPA 0ONYOVTOG G€ IVGOLAVOaVTIoTAoT . AVTEG 01 pEAéTES deiyvouy Ot Ta. MIR-223
kot MIR-30c-2 pmAékovtar otn pvOuion Tov petofoilopod TV AMmdimv oTo
ptoxovopa kot oo ER ko oty emaxdiovdn avénon g vreplumidoipiog mov givor
éva and to, yapaktnplotikd tov MS. Xtov mivaxa 15 napovoialovror ta MIRNAS mov
EUTAEKOVTOL OTOV HETAPOMOUO TV MOV Kol MITOTPOTEWV®OV, EVO GTNV EIKOVA 22
napovolaletar n pvluon tov petafoiopod TV Mmompotevdv amd ta MIRNAS.

[24]
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[NINAKAY 15. Ta miRNAs mov umAékovtor o€ petafoMcopd Amdiov kot

MTOTPOTEWVDV

AJP-Endocrinol Metab - doi:10.1152/ajpendo.00194.2014 - www.ajpendo.org

EIKONA 22. POOuion petaforopod Mronpwtevdv amd mMIRNAS

AJP-Endocrinol Metab - doi:10.1152/ajpendo.00194.2014 - www.ajpendo.org
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KE®AAAIO 3

3.IMONTEAA ZQON XTO METABOAIKO XYNAPOMO

H avéntoén g mayvoopkiog €xet amodobel kol o€ yeveTwkoOg Kol O€
nepiparloviikovg mapayovtes. Ta moydoapka movtikia Zucker éyovv gpevvnbdei kot
ypnowomombel mg poviéda yio v mayvoopkio kot 1o MS. Avtd ta movtikio £xovv
uetahiaén oto yovidw fa/fa uovo kar yapaxmpiletar amd XA TOL VIOSOYEN TG
Aemtivng  kon pmopel vo dwakpifei amd v 5" efdondda avdmtuéne pe evamdOeon
vrepPoAKoy LVTOOOPIOL Kol GTAayVIKOL Amovg. Xapoaktnpilovtor amd vmepeayioa,
WGOVAVOOVTIOTOGT, OVCAMTWoio Kot VIEEPTACT, ONANOT OAOVLG TOVG TAPBEYOVTEG
KIvOOVOL Y10l ELPAVIOT HETABOAKOD GUVOPOLLOL.

Avtoi o1 movtikoi £yovv ypnotpomom el TponyovpEVMS Yo TV a&loAdYN o TV
emmIOoewv TG Ogpameiog  evavtio omv  mayvoopkio, Oepomein  OmOC M
APLOPOETIOVOPOCTEPOVT, AYOVIOTEG TOV vIodoyéa peroxisome proliferator-activated
o,y oTo Amidl Tov 0pov, T0 COUATIKO Pdpog Ko evaichncio otnv tveovAivn. H
ocvvnOwouévn doknon, emiong, mpokoiel avénon tov TNF-0 otov Mmddn 1010
TOLYVCOPKOV TOVTIKOD Zucker.
Me PBdon perétn mov ompiybnke oTO  AVTIPAEYUOV®dOYN  OMOTEAECUATO  TNG
niektpobepamneiog ooty éxet npotabel O Héco Yo OV
éleyyo  T0L  yapnAov  PBobpod  @Aeypovig  otov  moyvoapko  Zucker
TOVTIKO oL €ivat 1o Hovtédo Tov peTafoAkoh GuVOPOLOL.

Yy perétn  éywve  éleyyoc €v 1M EMOVELMMUUEVT  €QOPUOYT NG
niektpobepamneiog oTa ToOoUPKA Zucker ToVTiKloL
o odnynoet oe oAAayn NG ovicoppomiog HETAED TPO-QAEYLOVOODV KOl OVTL-
QAEYLOVOODV KVTOKIVAOV OV Topdyoviol amd Tov AELKO Mm®momn 1otd. Metprdnke 1

emidpaon ¢ nAektpobepaneiog 6T0 cOUATIKO PAPOg TOL TOVTIKOL KaBMG Kot To
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emineda yAukolng, woovAivng, Aemtivng, adumovektivng, TNF-a kot 1L-10. Mo aAloyn
oT1g oyeTkéS ovykevtpmaels Tov TNF-a ko IL-10 oto aipa kot 6tov AMmdon 16td Oa
€0E1(VEe OALOYT OTNV EVEPYOTOINGCT TOV HAKPOPAY®V TOL AMTM®IOVS 1GTOV EVM M0
aAloyn TOV EMITEIWV adImovEKTIVIG Kot Aemtivng Ba £detyve petafoln oty avtiotoon
oV WooVAiv. Ogpameieg KATA TNG TOYLGAPKING 1 PAPUOKN OEV TPEMEL WOAVIKA VL
avénoovv T YALKO(N TOL aipotog dpopeTikd Bo LVEPYE o TAoM TPOg TNV
KatevBuvomn 0 S1aPNTNG CLYVE VO GLVLTAPYEL LE TNV TOYLCAPKIaL.

H proyovdpaxn dSvciertovpyio pmopel va mpokAnbel omd oAlayéc otnv
popeoAroyio tv prtoyovopiov. E1dkotepa, o€ OKEAETIKOVS HLG 0TOM®V pE dapnn
TOTOL 2 Kol TOYVooPKio To Toydvopla £xouvv pkpdtepo péyehog Kot apBuntikd eival
Myotepo eved 10 pikpotepo péyeBog mov epgavifovv oyetileton pe gvaucncio otV
woovkiv.. H mayvoapkio oyetiCeton pe pewwpéva  eminedo  mitofusin ko
noAvpopeiopovs oto yovido tng PARL (presenillin-associated rhomboid-like protein).
[23]

Y& puelétn mov éywve og moyvoapka movtikiae Zucker kot dnuoocievtnke to 2016
ypnoporombnkay 2 ouddec moviikdv. H mtpd opdda amoteieitor amd 5 moyvoapka
movtikia, péong nlkiog 14,6 gfdopddmv, pécov Papove 528 g mov T0Vg EPUPUOGTNKE
nAektpobepameion 6 Popés v mwhve omd 2 efooundoes. H devtepn opdda amoteeAiton
and 7 movtikia , péong nikiog 14,1 gfdopadmv, pécov Bapovg 540 g mov dev TOVG
epapuoonke nAektpobepaneics Kot amoteEAOVV TNV OUAdN EAEYYOL NG UEAETNG
(control).

To amotedéopata g avagepbeicog HEAETNG Y1 TIC LEGEG LETPNOELS COUOTIKOV
Bapovg kotd v 1" kan 12" quépa yio tnv Opdde 1 kar tnv Opddo 2 Tapovsialovial
otov ITivoka 16. TapatnpnOnke onuavtiky peiwon oto péco copatikd Bapoc Ty 12"
puépa oe ovykpron pe v In Huépa 1660 yioo v Oudda 1 660 kat yio tnv Opdda 2
novtik®v. Emiong, dev vanpye onpavtikny owpopd 6to HEGO GOUATIKO BApog HETAED
Opdoag 1 wxor Opddoag 2 v nmuépa 1 M v nuépa 12 (p> 0,05 ko yw
115 8V0 ovykpioelg, unpaired t test). [25]
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MINAKAZX 16.Métpnon Bapovg o€ TaydoapKo TOVTIKIOL

www.sciencedirect.com,

To Baocwd eminedo yAvkding tov aipotog ANednke va eivar ota 20 Aentd. H
pétpnon g yAvkolng aiparog petprinke vy 30 Aentd og diotnpa 20 g 50 Aemtd
petd v avorstnoio. O mivaxog 17 delyvel ta péoa emimeda g yAukong ailotog oe
20 Aemtd ko og 50 Aemtd Kol TV oAAayn ota enineda YAvkoing aiplatog otig 018popeg
nuépeg ™¢ Bepameiog Kot Yoo TIGC OVO OHASES. XVVOLOAGUEVES UETPNOELS YALKONG
aiparog ota 20 Aemtd kot oAdayn g YAvkong aipatog yuo tave omd to 30 Aemtd yio
mv 1" efdopdda kar v 2" efdopddo kar yio T d00 ouddeg mapovoidloviol GTov

ITivaxo 18.

NINAKAY 17.Métpnon yAvko{ng aipatog yuo tig 2 opddes yo 12 nuépeg

www.sciencedirect.com,
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[MINAKAY 18.Metprioeig yhokolng oto 20 min kot aAiayn ywo wéveo omd 30

min yia 2 gfoopnadeg Kot oTig 2 opadeg moviikmy ZUcker.

www.sciencedirect.com,

o v Opédda 1, m péon yiokoln oaipatog oe 20 Aemtd v
1" nuépa Mrav onuavtikd vynidtepn omd Vv 3n nuépa, 5T nuépa, 8n muépa
kor v 12" muépo, aAAGd o v 10" muépa (p <0.0005). Aev
wapatnpnOnKay onuavtikés HETABOAES ot péon T YAvkOlng aipatog ota 50 Aemtd
Yo TV opdda 2, evd ol péces TEG YAukong aipatoc ota 20 Aemtd kor oto 50
Aemtd g Hpépog 1 Mrav onuovtik@ vyniotepeg omd O, TU Yoo OAeg TIG GAAEG
nuépes. Kot yuo 11g 800 opddeg, dev vanpéov onuavtikés oAloyég otn péon Tyun
yAvkong aipatog 6tav petpndnke m oAhaynq g vy mdve and 30 Aemwtd Kotd T
owpkewr ¢ mepodov  peréme. T v Opdda 1 gppaviomnke
po Oetikn aAloyn otV YALKOON aipotog dtav petpninke n aAlayn g yio Tive omd
30 Aemtd, v OAec TIC MUEPES TOL epapuooTNKe 1 Bepameion evd yioo v Opdoo 2
vpée apvnTIK) oAAayn Yoo TV YAVKOIN Tov aipotog Otav petpriinke n aAloyn g
v whve omd 30 Aemtd yu Oheg T Muépeg Oepameiog extdc amd v 10" nuépo.
Ymp&ov oTaTIoTIKA ONUOVTIKEG Olopopéc HeTalh twv 000 opddmv oty péon
uetaBoAn g yAvkolng aipatoc v 5" nuépa (téhog 1™ gBfdopddag) kar 12 nuépoa
(téhog 2™ eBdopddac). Téhog, yioo tqv Oudda 1 dev moapotnphdnke oTOTIGTIKG
ONUOVTIKN d1Popd otV Pacikn yAvkoln aitatog 1 onv aAiayf] TOL TOPOVGINGE 1
yAokoln aiporog kotd v efdopdada 1 kot v gfoopdda 2. T'a v opdda 2, dUmG,
TopaTNPNONKE GTATIGTIKG CTUAVTIKN dpopd oty aAdayn TG YAVKOING Tov aipatog
katd v 2" eBdoudda. T v Opdda 1, n Bacuch yAvkddn tov aipotog kotdmy 2"
gfdouddo  kar m Pooiky oAlayn mov mopovoicce 1 yAwkoln aipotog katd tnv 1"
efdopada NTav oTaTIoTIKG VYNAITEPES GE GYéom pe TG Opddog 2. [25]

H péon tyun ywe adurovektivn, Aemrtivn, 1L-10, TNPa, woovAivn kot yAvkoin

otov 0pd Tov aipoTog mov cLAAEYONKaV katd TV 12" pépa oto téhog Tng peALTNg
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napovctalovion otov mivaka 19.

[MINAKAZY 19.Metprioeig adimovektivng, Aentivn,g IL-10, TNFa, tvooviivng kot

YAvKOING otov 0pd TOL aipTog Katd TV 12 pépa

www.sciencedirect.com,

Agv mopotnpnOnkov OTOTICTIKO CNUAVTIKEG Ol0POPES GTNV HECT] TIUN TOV
aowmovektivn, Aemtivn, IL-10, TNPa, wooviivn kot yAvkd{n otov 0pd TOL CUOTOC
netaéd Tov 2 opddnv kotd o téhoc g pedétng (12" uépa). H péon Ty tov TNF-a
oTOV 0pd MNTOV CNUOVTIKA YOUNAdTEPN otV opdda 1 oe oyxéon pe v oudda 2. H
avoroyio admovekTivng-Aentiviig petad Tov 000 Opdd®V O0ev NTOV OCNUAVTIKA
dwpopetikny (p> 0,05) oArd ta emineda IL-10 xon TNF-a ntav onpovtikd vynAdtepa
vy TV opdda 1 o oxéon pe v opdda 2.

Ot péoeg Tyég yio admovektivn, Aemtivn, IL-10, TNF-a otov Aevkd Mmmon 16t
TOV TOVTIKOV ov petphnkay kotd v 12" pépa (téhog uekétnc) ¢aivovtor otov
nivaxa 20.

ININAKAY 20.Méon twn oe adwmovektivn, Aemtivn, I1L-10, TNF-a otov Aguko

Mrddn 1616 katd v 12" pépa (téhoc peréng)

www.sciencedirect.com,
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Aev TopatnpNONKaY GTOTIGTIKG CNUAVTIKES S10POPES LeTAED TV 2 opuddwv oTa
emineda adurovektivng, Aemtivng, IL-10, TNF-a. H avoloyio adimovextivng/Aemtivng kot
TNF-a/IL-10 dgv Topovciocay GTATIOTIKA GNUAVTIKY S1apopd LETAED TV dV0 OUAd®mV
(p>0,05). Téhog, técoePIc amd TIC TEVTE TIHEG Y10 TNV AdTOVEKTIVI 6TV opdado 1 ftov
ueyaAvtepeg amd 9 mg/mL evéd yioo Ty oudda 2 poévo pio amd TG mEVTE TWEG NTOV
ueyaAvtepn amd 9 mg/mL.

A&onueioto amd peréteg eivar 0t vdpyovy aviavopeves evoeielg Ot M
ToYLGoPKio Kol 1 veovAvoavtiotaon oyetiovior pe TNV GAEYHOVH AOY® TG XPOVING
gvepyomoinong tov avocofloroyikod cvotinuatoc. Ta dtopa pe petafoikd chvopopo
napovctalovv pia mepicoelo Tpo-EAeYHovoddv Kutokvedv 6mtmg TNF-a kot IL-6 mov
Kol T OVO TOPAYOVIOL GTOV AIMON 10TO OONYADVTOG GE OVICOPPOTio. UETOED TTPO-
QAEYLOVOODV Kol OVTI-QAEYHOVOO®V  kutoKwvav. [lapepPacelc oe  mayboopkeg
yovaikeg pe oTOY0 TNV am®OAEW PApovg €xovv oonynoel oe peimon TtV mpo-
QAEYLOVOSOV KVTOKIVOV cvureptiapfavouévng g IL-6.

TéNog, o€ HOVTEAD TTOYVOOPK®Y TOVTIK®V Topatnpriinke 0Tt avEnpéva enimeda
H,0; amd tov Mmmon otd epeavilovtor oe apykd otddio Tov dofnt. Avtd 1o
yeyovog axkolovbesitoan amd pewwpévo eminedo MRNA tov SOD, katoldong kot
vrePoEEIddonNc TG yAovtabedvng. H moayvoopkio kot 1 woovAvooaviictoom
oyxetilovron pe avénuévo emimeda Tprylvkepdiov oto Mmop. Xe povtédo (dov pe
mayvoopkio Kot owfnrn €xel mapampndel oto NIOp TOLE AVBENON TOV JEKTOV NG
vepoéeldmong Ttowv  Amwiov. Xg  moviikie To  0feWmTIKO  OTPEC  EMAYETOL
YpPNoWomowmvtas  avactorelg g ProocvvBeonc g ylovtabedovne. H pelowon tov
emmeédv YAovTafeldvnNe o€ 10TOVG OV OMOTEAEL ONUAVTIKO OVTIOEEWOTIKO Yo TO
KOTTOPO. TPOKOAEL QOENOCT TV OEKTOV TOV OLEWMTIKOD OTPEC KOl UEIOUEVN

OUO10GTACT) TNG YAVKOLNG.
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3.20EPAIIEYTIKH IMPOXEITIZH XTOXEYONTAX TA MITOXONAPIA

[Mopovoidlovtag Tov KOHPo PO NG UITOYOVIPLOKNG OLGAELTOVPYIOG Yol THV
avamTuén SEOpwV ,UETOPOMKOV dlatapaydv, Exovv avamtuydel véeg Bepamevtikég
oTPOTNYIKEG TOL TEAELTAlOL YpOVIeL HE okomd va pvOBuicovv v Asttovpyio TV
pitoyovopiwv kot v Proyéveon. Avtéc ol Bepamevtikég mpooeyyioelg 0o umopovsav va
elvat YpNoeg MOTE Vo LELMGOVY TNV OPAcT] TNG VGOVAIVIG KOl TNV TOpay®mYN TG omd
To B TOyKPEATIKA KOTTOPO , TNV GLGGMOPEVCT MTOIOV GTO NP, TIG OVGAEITOVPYIEG
TOV CKEAETIKOV HLOV, TNV EVO0ONAOKT YOAAP®GCT] TOV OyYEI®V KO TNV GLGTOAIKY] Kol
dwotoMKk]  Agttovpyior Tov pvokapdiov. H véa oappakoroykn mpocéyyion eotidlet
oTOVG Unyoviopove mov pubuilovv v Proyéveon twv proyovopiov , otig ROS kot
OTNV OVOATVEVCTIKY 0AVGIO0 MGTE Vo amoKatacTadel 1 Asttovpyio TV HTOYOVOPimV.

Néec @approkoloyIKeég avaKaAOWelS e okomd v Peitioon g Asrtovpyiog
TOV PIToyovopiov £youvv mpotadel Ta teElevtaio ypOVIa OAAG VTTEPYEL TOVTOYPOVA KO
ovveyng avalnmon véwv. H pecofepatpoin, €va ovotatikd Tov KOKKIVOL KPOGLov,
evepyomotel v SIRT1, mpokadel Oepridikd meplopiopd, €xel avtiynpoviikn dpdon,
EMOTTMOVEL TOL GNUASLN YNPOVOTG GE TOVTIKIN Ko av&dvel Ty emiPimon. Lta movtikia 1
pecPepatpdin PBEATIOVEL TNV VGOVAIVOOVTIGTOGCT], TPOGTATEVEL GO TNV TOYLCOPKIO
OV TPOKOAEITOL AOY® SATPOPNS , EMAYEL YOVIOld Yo TV OEEWMTIKY PWGPOPLAMMON
kol evepyomolel tov PGC-la. AAla pikpotepo pdpe mov  potdlovv pe v
pecPepatpdin elvar KotoAANAOTEPA Y va evicydoovv TtV dpdon g SIRT1
amoaxeTvAM@vovtdg e H SIRT1 glvan pia amoaketvddon otovdv mov puBuilet v
PGC-1a mov eivar puBuiotig g Proyéveonc tov HToyovopiov Kot CUUTOPEYOVTOGC
LETOYPOPIKAOV TOPOYOVI®OV TOL OPOLV GTNV EVEPYEWKY Opoldotaon. Awfntikd
movtikio Tov akolovdncav Oepancio pe tadalafil £51i&av Bektimon otnv Asrtovpyia Tov
ap1oTEPOV KapdtokoH KOATOL Tov oyetiletan e avénon g evepydmrog g SIRT oty
Kopdid. [23]

AAAOG GTOYOG Y10t POPUAKOAOYIKOVG YEWPLoHOVS efvar 1 AMPK mov gvioyvet kot
v yAvkoldn kot v ofeidmon tov Mmdv, TV aeudpoyovacT TOV TUPOGTUPVAIKOV.
EmmAéov, 0nmg npocepata deiynke, o1oxedOoVTIOS To AVTI-0EEOMTIKG GTO LITOYOVOPLOL
towg eméABel oAAayn oTNV EMAOYT KATAAANAOL £vEPYELOKOD KAVGILOV 0 To KOTTOPA.

Burapiveg kot ymud mopdymyoa pe oavti-oedmTikés 1010t teg xovv avamtuydel dmwg
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10 ovvévlopo Q, n Prrapivn E, n N-aketvikvoteiv (NAC), 1 Brropivn C kot eroyoyeic
g o&uyevdong g aiung Kot £govv Ty Kavotnta peimong g mopaymyns ROS.
Emtoymg, avti-ofedwtikd mopdyoya mov €xovv ovviebel doTe Vo 0TOYXEVOLV
eEE0IKEVEVAL T LUTOYOVIPLOL EVEOUATOVOVY TV ovfikovvovn (MitoQ) 7 Prrapivn E
(mitoVit E). Aw otopotoc yopriynon ¢ mitoQ (500 mM oe mdowo vepd) oe
(QUOIOAOYIKE OPCEVIKG TOVTIKIOL TPOGTATEHOVYV TOVG KOPO1OKOVS UV, eunodilovy Tov
HLOKAPOKO KLTTOPIKO Odvato Kot PEATIOVOLV TNV OVATVELCTIKY AETOLPYio ©E
movtiki  pe  woyotpio.  ZToyehoviog TO  OVTIOEEWWTIKG TOV  HTOYOVOpimv
npootatevovtal ot woPAdotec amd v ataior Friedreich oty omoia pmlokdpetor 1
ovuvBeon g YAouTafeOVNG ad T0 0EEWMTIKO GTPEG KoL TNV Ppdyyvvon Twv TEAOUEPDV.
Y& evooOnitokd KOTTOpa TG dopThHg 1| MIt0Q peidvel v 0EEIOMTIKY KOTOOTPOPN OTOV
avtd ektifevron oe otpeg pe 25 MM ylvkoing kot 0&gddong g yAvkoine. EmutAéov, n
mitoQ peiover Tic ROS kol peidvel, €miong, Kot TNV EVEPYOTOINON TNG TPMTEWIKNG
KIvaong mov evepyomoteiton e pitwon, p42-ERK2, ota evéobniokd kdttopa petd and

VIOEIKO OTPEC. [23]

Ytoyevovtag to o&edmtikd otpeg, cvpnAnpouato pe tetrahydrobiopterin (BH4)
nov givanl cvumapdyovtag tov NOS 1 pe sepiapterin wov givat Tpddpopuo popd tov Exel
deyytel 0TL Pedtidvouv v evdoOnAlokn dvoieltovpyion 6€ KAMVIGTES, OfNTIKOVG,
acBeveic pe véptaot, vepyoAinotepoiatpio 1 otepaviaioa voco. To poikd o0&y mov
Exel NI avTl-0EEOMTIKY Opdor pmopel vo aviotpéyel 1o un Cevydpopa oo NOS
mBavév pécm g BH4. Zvuminpopata pe to cvvéviopo Q10 givar ypriowa yuo v
Oepaneio g mayvoapkiag, ToV 0EEWMTIKOD GTPEG KOl TNG PAEYUOVIG o€ acBeveic e
petafoicd cvvopopo yiati o CoQ10 sivon amapaitnto yio TV 6®GTH Agttovpyio TG
avVOTTVELOTIKNG aAvcidag. Emiong, elval yvoomn 1 avil-gAeypovoong opdon kol m
ovppetoyn Tov CoQ10 otov petaforopd tov Mmdiov . H curcumin givou, eniong, éva
avTL-0EEWMTIKO KOl OVTL-QAEYHOVDOES Tapdymyo. Melétn o moyLoOPKO TOVTIKIO
£0e1ge OTL av&dvel Vv Katavdiwon o&uyovoy Kon PEW®VEL To emimeda 0EEIdwONG TV
MmOV Kol TOV TPOTEVOV o6To ITOYOVOP. TOL NTOTOS TOYVCOPKMV TOVIIK®OV
(Toyvoapkio emaydpevn ond dTpoPn TAOVGL GE AITOC) o GYéom HE TAXOCUPKO
movtikio mov dev akoAovbovv Ogpomeio pe curcumin. EmutAéov, m curcumin dev
npoKaAel amdktnon Pdpovg ovte emnpe’alel v proyovoplaky cuvBeon NO. Avtd ta

gupnuata dgtyvouv OTL | ToYLGAPKIO ETAYEL TO 0EEWOMTIKO GTPES KOl TNV OLGAEITOVPYiaL
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TOV [TOYOVOPIMY VG 1) CUrCUMIN TPOGPEPEL TPOGTAGIN OTd QVTA. [26]

Oepaneio pe ecdysterone dwtnpel LGIOAOYIKA T emineda Tov otafepod NO
Kol 6€ GLVOLOCUO pE TNV dpaom tov vrepo&edion, INOS, kat NNOS oto pitoydvopia
TOV KOPOWKAOV KUTTAP®V TOVIIKOV pe dwPntn emoayduevo amd streptozotocin
TPOCTATEVEL OO TO OLEWMTIKO oTpeg. MeAétn oe moy\LoOPKO OPCEVIKG TOVTIKIO
Zucker pe wvoovlvo-avtiotaon €6eiée OtL o1 avootolreig g o&ewddong oo NADPH
(apocynin kot VAS2870) ka1  BH4 (tetrahydrobiopterin) amétuyoav vo tomomotjcovv
™V ayyel0d0eToAn Tov giye emoyBel amd v Ppadvkvivn. Emiong, edvnke n adénon
VEPOEESIOV oTa ayYeEiol TOV TOVIIKOV peiwon tov amd v mito-TEMPO mov givot
o0TOY0G TNG LILEPOEEIDIKTG dopovTaons. H ayyelodiactodn PeAtidverol og aptnpieg pe
TOVTIK®OV LE WGOVAVO-OVTIGTOOT Kot Toyvoopkio Votepa ond Opdor VIEPOEEIOKNG
dopovtdong kot mito-TEMPO.

To pmhoxdpiopa tov TNF-a pe infliximab aAld 6yt n katactodn tov INOS 1)
™m¢ KvkAoo&uyevdong Peitidvel v YoAdpmon Tov €vOOOMAIOL KOl HEUDVEL TOV
oynuotioud vrepoedion. TvumAnpouato pe L-arginine 1| to tpoédpoud tov L-citrulline
elval pio amoTEAEGUATIKY] GTPATNYIKN Yio TV Ogpameion Tov peTafoAkod cuvopduov,
G TayLoaPKiag Kot Tov dapnn ToHmov 2.

To lipoamide eivar dSeyéptng tg Proyéveong tov pitoyovopiov ota
adUTOKVTTOPO KOl £YEL OVVNTIKY OEPATEVTIKY] EQAPLOYN YO TNV TOYVCOPKIN Kol TOV
dwaPnn tomov 2. To lipoamide dieyeiper v ékppaon tov eNOS kot tov oynuotioud
cGMP. Emumiéov, amoocuwnnon tov eNOS ypnoiponoidviag SIRNA egumodiler v
Broyéveon tmv proyovdpimv mov endyeton amd to lipoamide.

‘Eva. @appoko mov mpokaAel evaicbnoio otnv wveovAivny eival to pioglitazone
kol elvalr mpocsdétng tov PPARy. Avtd Peitidover 10 mpOPANUO TG 1WOOLAVO
OVTIOTOONG KoL UEWDVEL TOV KIVOUVO KOPOYYEWIKOV VOONUAT®V o€ acbevelc e
dwaprtn tomov 2. To pioglitazone pewdver to péyeboc tov pvoKOPSiov HEC® NG
gvepyonoinong tov PPARYy, ¢ Kivdong g eoopatidvio-voottoing 3, e Akt kot
eNOS povomotidy oAAé Oyt HEG® avoiypatoc tov pitoxovoplakdv kavolov K H
YPNON AVTOV TOV PAPUAKOL omoTeAEl pia véa otpoatnykn Yo v Ogpaneio dafnn
TOTOV 2 pE ote@aviaia vOGo. [26]

Alayn otov tpomo (NG OOTE VO TEPIEXETAL COUATIKY] GOKNGCT KOl GMOOTN
JTPOPN HEWDVEL TOV KivOuvo guedviong oapntn tomov 2 mov gival £vo amd o KOPLoL

YOUPOKTNPIGTIKA TOV UETAROAKOV GLVIPOLOL, EVAD 1| PUCIKY dPACTNPLOTNTA PEATLOVEL
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™V avtoyn oty YAukoln. H doknon Peltidvel v HeETaQOpE NAEKTPOVIOY GTOVS LLG,
deyeiper v Proyéveon towv proyovopiov pécw tov PGC-la ko Pertiover v
evaodnoia omv woovAivn. EmmAéov, evepyomotet tnv AMPK mov Bedtuiovet kot v
ofeidwon g YAwkong kot TtV Mmopdv offwv. Avti-vmepyAvkouikn Oepomeio
YopNyeitat 410 GTOUATOS YOl TNV AVTIWETMMIOT TOV dtofTn TOTOV 2 dote v avéndet 1
evaucOnoia twv opydvav, n €Kkplon oovAivng 1 va petwbet n Tpdosinymn yiAvkolng
Katd v wéyn. H woovkivn kot 1 metformin amotedovv v npmdtn ypouur Oepameiog
oV JPNTN. YIoyAvkaipukd Topdymyo Kot GOKNGoY UEIMVOLY TO 0EEWOMTIKO GTPEG GE
dwpntikovg aocBeveic pewdvoviag 1 Opdon tov NOX 1 Peitidvovtag v
pitoyovoplaxkn Aettovpyio. Ot ototiveg, ol avacToAels TV evOOU®OV HETATPOTNG TNG
aYYEOTEVOIVIG Kol Ol avaoToAelc Tov vmodoyéa AT-1 €yovv éupeon avTi-0EEOMTIKN
dpdomn kai deyeipovion amd v mopaywyn NO kol amd v TouTdYpovn TOPEUTOOIOT
™G mopaywynsg vaepolediov Tov vopoyodvov. ‘Eyer deyrtel 611 PeAtidovouv v
KOPOYYEWKY] AELTOVPYio GE TPO-KAMVIKEG KOl KAIVIKEG OOKIUEG KOL LELDVOLV TNV
EMMTMOON KOPOWKAOV €MEWCOdimV o¢ acbevelg pe koapdwyyelokd voonua. Avtd tao
eapuoko kobmg kot o mopeumodiotng amedevBépwong NO, nebivolol éyouvv

oLVOVAOTIKEG AVTIOEEBMTIKN dpacT. [26]
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XYMIIEPAXMATA

MetoAhaEelc oe yovidilnw tov MIDNA  oyetiCovror pe petoforkés kot
EKQLAMOTIKEG 00B€veleg, Kopkivo Kot ynpaveon. Yrdpyovv mepimov 1500 yovidw oto
NDNA mov Kmdkomolovv pople Tov prtoxovopiov kot emumAéov 37 yovidw yuo
napayoyn evépyeag péca oto MIDNA. Avactod g OXPHOS oamd petarldéelg
QLTOV TOV HUTOYOVOPLOIKOV YoVIdiov 1M amd mepBariloviikos 1)/Kol QUPUOKEVTIKOVG
napdyovteg odnyet oe avénuévn mopaymy] ROS mov Boabuaioc 0dnyodv e petowpévn
KAVOTNTA TOPAYWYNG EVEPYELNS OO TO ITOYOVIPLO Kot TEMKA yjpoven 1/kon Kapkivo.
Avchertovpyia g OXPHOS mintrer kupimg Opyova pe HEYAAEG EVEPYELONKEG
OTTOLTNOELS OTIWG EYKEPAAOG, KapPOld, OKEAETIKOT LOEC, VEQPOT Ko EVOOKPIVIKO GUGTNLLOL.
Eniong, dwrapdoceton n ypnon twv Bepuidmv mov mpocraupdvovior pe amotéAecua
dtapoyéc Tov HETAPOMGHOV Omg 0 OaPntng kou N mwoyvoapkio. TEAOG, N avénuévn
napaywyn ROS mpoxodlel wvttopikny TOEKOTNTO Kot EKONAMOT  QAEYHLOVOIDOV
acBevelwv. Metalldéelg oto NDNA mov apopolv putoyovoplakd yovidli eival ot
akoAovBec: twv vropovadwv couridxkmv I kot IT g OXPHOS, tov mapdyovia SURF
oV ovumhokov 1V g OXPHOS, ¢ polG, g ehkdong, tov ANT1, ptoyovoplakng
Kwvaong Boudivng, eooeopvAdons Buudivng, prtoyovoplakng mpmteiving OPAL, g
mitofusin2, tov evibuwv tov kdxhov Krebs kot tov Q10.

MetaAlaéelc o yovidla tov NDNA mov kwdwkomoohv tpmteivec mov mailovv
poAo otmnv Ployéveon TtV ptoyovopiov odnyovv oe peimon tov apluod TV
aviypdowv oo MDNA, eivar mAéov cagéc 6Tt acBévela pmopel vo TpokvyeL kKol and
oaAnAenidopaon yovidiov tov NDNA kot yovidiov tov MIDNA mov evtovtolg
oyetilovton pe PO PETIKEG AEITOVPYIES.

MetaAlaéelc o yovidra oto MIDNA oyetiCovtan pe: KAaoIKA cHVOPOUO OTTMG
Kearn-Sayre kot Lyon, kAwviké covdpopa pe vyniod kivovvo petoairdEemv oto mMDNA
onwg opBarpominyio, covopopo Pearson kot ocbvdpopo Leigh, petaforikd cvvépopo
pécm petdAratng oto yovioro tov tRNA ¢ Leu, dwpnimg tomov 2 ko
Kapdopvorddeto pécm mopairayng 16189, éiieupa 4.977 (evydv Bdoewv ota yovidio
tov ATPase6, ATPase8, wxvtoypouwkng oewdong I, vmopovadwv 3,4,5 g
apuopoyovdong tov NADH. Ze aocBevelg pe proyovoplokés ocbévelieg ot mo
nAkiopévol acbevelg eiyav meprocdtepa avtiypoea tov erleippatog oto MDNA ce

oxéon e Tovug vedTeEPOLS ashevels.
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Amolela g anoMmonpwteivng E mov delyver 6t PAaPn oto MtDNA mpodyet
afnpookAnpwon kot gvoicOncio oty mAGKa Kot ovtd pmopel vo copPel Ko ywpig
kapio avénon tov ROS. H xataoctpoepn tov MIDNA  eivor mpdo yeyovdg g
afnpoyéveong evd KOTOMY GE GLVOLOCUO HE TNV UITOXOVOPLOKY SVGAEITOVPYiN
Tapovctdlovy éva povtédo afnpookinpwong kot petafoitkod cuvdpdpov. Edv ta
enmimedn Kataotpoeng N dvciertovpyioag tov MDNA kotakAO{oVV TIG TPOCTATEVTIKES
avTIoEEMTIKEG dradikacieg TOTE YiveTon pITOEOYiOL TOL AEITOVPYEL TPOGTATELTIKA Yol
10 ptoxovoplo. Ta dvciertovpywkd proxdvopla kabapilovior amd 10 KOTTOPO e
dwpdduon amd 10 AGOGMUN KOl TO. GUOTOTIKA TOVG OVOKUKAMVOVTOL Y10l ETOUEVT|
xpfion.

O wroyovoprokog dwapntng oyetileton pe pion petddhaén v A3243G oto
MtDNA .H petdiraén avt) apopd to yovidlo mov kwowkonotel 1o tRNA mov petapépet
v Leu. Meyohdtepo TOGOGTO  ETEPOMAAGHIOG  TOPOTNPOVVIOL GTOLG  UUG.
Miuitoyovoploky] OLGAEITOVPYIOL GTOVG HVG 00MYeEL GE HEYOADTEPT PON YOAAKTIKOV GTO
Nmap TPOPOOOTOVTAG TNV YAvKOVEOYEVEST. O HITOYOVIPLIKOS 1PN TNG OVOTTOCCETL
Katd TV evnlkioon petaéd 35-40 etdv (n ynpavon ovuPdAier oty oTOdOKN
aAAloimomn g Aertovpyiog TV B ToyKPEATIKOV KUTTAP®V)

[Mupnvikad yovidw, cvoumeptlopfavopévonv Tov yovidiov Tov VTOOOYEN Y TMV
VIEPOEEIOOCOUATOV, TOV Yovidimv Tov Aoutvov A/C kot tov yovidiov g IL-6
Oewpovvton  vrevBuvo Yoo gpuedvion  tov  MS.ETovg  YEVETIKOUG  TAPAYOVTES
nepthapPavovrtor kKot apairoyés tov MDNA tov mupodotodv v epgdvion tov MS.

H petdiraén A8890G evtomiletar oto yovidw g ATPase6, mpoxadel aAroyn
tov apwvoééog Lys oe Glu xat oyetileton pe dvolertovpyion TV pItoxovopimv Kot
oLUPAALEL TNV TLPOSOTNON TOV HETAROAIKOD GLUVOPOLOV GE veavikn NAkia. O amlog
VOUKAEOTIOWKOG TToAVHOpPIopog T16189C tov MIDNA oyetiCeton pe to petafoikd
CUVOPOLO Kol EVEXETAL YO OVATTLEN 1WOOVLAWVOAVTIGTAONS, OwPNTn, HeTABOAKOD
GLVOPOLOL KOl oTeEPovViaiog vOGov. Atopa pe HETAPOAMKS GUVOPOUO TOPOLGLALOLV
KEVIPIKN Tayvoapkio, vynid tprylvkepidlo, younin HDL, younAn apo-lipoA/apo-
lipoB, Ama veppin avemdpkew pe avénon tov deiktn kvotivn C. H petdAiaén
T4291C tov MtDNA 1ov yovidiov tRNA tng lle evromileton oe Kavkdoiovg pali pe
petafolkd cvvopopo. H erepomhaciky] petdAratn A3243G tov yovidiov tov tRNA
g Leu evéyetor yio OV UNTPIKNG KANPOVORIKOTNTOG OofnTn Kot €mAyel TNV

dvoettovpyia TV pitoxovopimv.
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[MoAvpopeiopol mopnvik®v yovidimv mov  poBuilovv TNV  HUTOYOVOPLOKTY)|
Aertovpyio Kot TupodoTovy Tov dtafntn Tomov agpopovv tov PGCla ko tov NRF1. O
PGCla gumiéketor oty Proyéveon Tov toxovopimv, v 0EEld®oN TOV AMIopOv
oféwv, TV Mmatikny yAvkoveoyéveon, v Oepuoyéveon kar v ypnon yAvkoing amd
TEPUPEPTKOVG 16TOVG,.

[Mowidot pnyavicpoi 6mwg M woovivoavtictaon (IR), omloyvikd Aimog,
QAEYHLOVAOOES M OVIUPAEYUOVADOELS KLTOKivEG KOOMC Kou 1 gvepyomoinon Tov
CLGTHWOTOG PEVIVNG-0YYEL0TEVGIVIC-0Ad00TEPOVG cuuPdAlovy oto MS. Téhog, 1
pitoyovoplakn dvoAiertovpyia Ommg €xel avapepbel kot mponyovpéveg oonyel o€
TOYLGOPKIO KOl VCOLAVOOVTIGTAOT) ev®d M Helwon Tov apluod avtypdewv Tov
MtDNA oyetiletan pe gppdvion tov oafntn tomov 2.

Alayég otov aplBud avtypdoowv tov MIDNA éxovv PBpebel oe acbeveic pe
VEVPOAOYIKES OlOTaPOYES KOl TOAAATAY] OKANP®ON evd petowpuévog apBpudég MDNA
oyetileton pe dwaPnn THTOL 2 Ko SucAuTdoa.

Ot ROS 1pomomotovv v £€K@paoT TG AOUTOVEKTIVIG TTOV EKKPIVETAL OO TO
adurokVTTOPO Kol €101 oyeTileTon pe TV moyvoopKio Kot ToV avENUEVO Kivouvo yio
Kapolayyelokd vooruata. Ta moyvoapko dropo €govv LYNAOTEPO EMIMESD JEIKTMOV
0EEOMTIKOY OTPEG KO YOUNAN CLYKEVIPMOY OOUTOVEKTIVIG otnv KukAloeopia. To
0EEOMTIKO OTPEG KO 1 AEYUOVT] SELTEPEVOVIMG AVEAVOVY TNV OVaAOYio AETTIVIG o€
adutovektivny kol ov&avouv Tao emimedn GAA®V  adutokvav Omwg eivor o TNF
(Tapdyoviog VEKp®oNG OYK®V) Kol 0 aVOGTOAENS EVEPYOTOINONG TAAGLIVOYOVODL 1.

H nayvoapkia kot n wvoovivoavtictaon oyetifovrat pe v eAeypovn AOym g
YPOVIOG EVEPYOTOINGNG TOV 0VOGOPLOA0YIKOL cLGTHHOTOC. Ta dtopa pe peTafoAd
oVVOPOUO TOPOVSIALOVV Wi TEPIGOELN TPO-PAEYLOVOODY KuToKIveV Ot TNF-a kot
IL-6. H moayvoopxio kot M tvoovAvoavtiotaorn oyxetiCovior pe avénuévo emimeda
TPLyAVKEPOI®MV 6TO NTTop.

OepameVTIKEG TPOCEYYIGELS Y10 TV AVTIUETAOTION TOV HETOPLOAKOD GLUVOPOLOV
AOy® 10V TO OTL givor €vo TOALTOPOYOVTIKO VOOTUO TOL EMWOPOVV YEVETIKOL Kot
nepPoriroviikol mapdyovteg etvar ot €€ng: 1) avtio&edwtikny mpocéyyion, 2) di€yepon
Broyéveonc prroyovopiov, 3)otdyog too Amidlo NG HTOYOVOPLOKNG HeUPpAvNG, To
duvapkd g pepPpdvng kot n ptogayia, 4) Bepameion avtikaTdoToons, 5)KVTTOPIKY
Oepaneia, 6) yovidwkn Oepameio Yo to petoddaypévo yoviole tov MIDNA kot tov

NDNA mov TpokaAovv EAATTOUN GTOV LETAROMOUO TOV HITOYOVIPImV.
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