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H éyxpion e mopovoas oidaxtopixng owatpifng omo to Tunuo lotpikns tov EOvikod xai
Kormoowotproxod Ilavematnuiov AOnvaov 0ev vmoonAmvel amopoutiiwg Kol Omoooxy Twv
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Miawsiov Avagopag (EXITA) — Epgovntiko Xpnpatodotovpevo ‘Epyo: Hpdaxierrog I1.
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BIOI'PA®IKO XHMEIQMA

Xprjoros Adauomoviog Hunvio T'évwnong: 11/04/1981

Exnaidgvon
2008-2013

2001-2007
1996-1999

E-mail: chr.adamopoulos@gmail.com
000¢: Zopobparns 10 Xaloavopr 15233, AOnvo.
TnA: 210-6894433, 6974293343

-Yrnoynoog 01ddktopag, Epyactipio Broroywkrg Xnueiog, latpikn ZyoAn,
EBviké ka1 Kamodiotprakod Tavemotpuio Anvov,

Empiénwv: Kob. AOavaociog I'. Iamofaciiciov

-Metamtuyiaxo Tlpdypappo Emovdmv «Mopwokr latpuky, latpwkn ZyoAn,
EKIIA, Babuog Itvyiov.: «Apioron

Tunua Bohoyiag, EKIIA, Bafuog Hrvyiov: «Aiav Kaiwgy

I'evikd Avkero Kvrmopiooiag, Babuog Amoivtypiov. «Apioroy (19 & 1/11)

Hewpapati)y/Epyoctnproxkn eprepio
2006-onpepa Emomuovikog cuvepydtne, Epyastiplo BioAoywng Xnueiog, latpikn yoln,

2010-2011

2009-2010

2006-2007

2005-2006

2005-2006

EKITA

Epgovntikd mpoypappa ypnuatodotovpevo omd 1o KowweeAiés Topupa
loavvn . Adton: «O Polog tns Mnyavikne @options otnyv Aviuetanion g
Oaoteomopwons: Zyeolaouos UOVIEAOD UNYOVIKHG OIEYEPOHS OTTEOLLOTTIKWOV
KOTTOpWYV Y10, Ty oiepevvnon Bepamevtikwv epopuoywvy (Emomu. Ymevo.:
Av. Kof. E.Mndodpa)

Epgovntikd mpoypappa ypnuatodotovpevo omd 1o KowweeAiés Topupa
lodvvn 2. Adton: «Emimtwoeis twv mAovoiwv g€ YAvKOTOLIVES YEVUGTDV
(Toyvpayeiag) OT0  AVATOPOYWYIKO  GOOTHUG — YOVOUKOV —UE  ZDVOpouo
Tolvkvotikawv QoOnkwv. Aiotpopikés Loels PeAtiooons twv cOVETEIDY TOD
ovvopouovy (Emommu. Yrev0.: Kaf. A.T'. [TonaBactieiov)

[pdypappa «Kamodiotplogy: «digpedvnon twv uopiokwv —unyovieuwv
pwtoradois ka1 devtepoyevoig ylotwuoroyéveansy (Emotmu. Yrevh.: Emw.
Kob. Xpiotiva ITimépn)

-IIpoypappa Oykoroyiag tov Ymovpyeiov Yyeiog yw 10 €tog 2005:
«igpedvnon TV UOPIOKDOV  UNYOVIOUM®YV  YAOIWUATOYEVEGHS OE  OElyUa
eMnvikod  winboouov: Emiloyn otoywv  yio  epapuoyn  0OKIUAGIOV
xnueiocvorcnoiog», (Emommp. Yrev0. Enuc. Kof. Xpiotiva [Tmépn)
-Ilepoapatiky Epyocio: «MeAéty tg emidpacns twv yivkotolivav emi
avomopoywyikod ovotiuatos Oniewv emipvovy, (Emomp. Ymed. Ka.
Evavoio Awopdvin-Kovdapdxn)

Exmovnon smAopatikng epyasiog: «AuUpiopopes AEUPOKDTIOPIKES AVTIOPATELS
oe oavpes ¢ oikoyévelog Lacertidae», Topéag Ducowoloylag Zowv kot
AvBpaomov, Turua Brodoyiag, EKITA
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Meteknaiogvon

IovA 2008

Yrnotpogiec:
2010-2013

IovA0g 2010
IobAog 2009

IobAog 2007

Bpopeia:
Oxrt. 2012

Mduog 2012

Mdpt. 2012

Amp. 2010

Oxkt. 2008

University of California, Davis, School of Medicine, Department of
Obstetrics and Gynecology, (Emotnu. Ymevf. Prof. Antony J. Duleba),
«Amopovmon kot KoAMEPYELD KVTTAP®Y ONKNG amd modKes emipvwvy

Yrotpooio €pevvag: Hpdidertog 1. Xpnupoatoddtnon ywoo v ekmoOvnon
ddaktopkng SwtpiPng. Zvyypnuatoddtmon ond v Evpomnaixny ‘Evoon
(Evponaikdé Kowwvikd Tapeio) kot and E6vucovg [lopovg dwapécov tov
Enyeipnoiokotd Ipoypappatog «Exmaidevon katr At Biov Mdébnon» tov
EBviko0 Ztpatnywov [Mhosiov Avagopac (EXITA)

Yrotpoeio Tov Idpvpatoc Qvaon, dwré€elg Blioloyiag: “Basic And Applied
Virology”, T6pupa Teyvoroyiog kot 'Epevvag, HpakAelo, Kprim

Yrotpogia tov Idpdpatoc Qvaon, dwré€elg Bioroyiag: “Immunobiology”,
‘18popa Teyvoroyiag kot 'Epgvvag, Hpdaxiero, Kpntn

Ynrotpogio tov Idpvupotog Qvdon, dSarééelg Bioloyiag: “Channels and
Channelopathies”, Tdpvpa Teyvoroyiag kot Epsvvag, Hpdrkiero, Kpr

Bpaeio: «Young investigator Award» vy v epyoacia “Androgens and
dietary glycotoxins excess may accelerate ovarian tissue ageing by
decreasing GLO-I activity: a link to PCOS syndrome”, 22nd European Tissue
Repair Society Congress, Athens, Greece

‘Enabro «Xwtipne Iomaoctouarnc», A" BpoPelo, yuo v mpotdtLmn,
Blototpikn epevvnTikny peAétn «Or molvkvotives 1 kor 2 w¢ mpoyvwotikoi
0€lKTeS 01OV KOpKIvo Tov moyéog eviepov. latpikn Etopeia AOnvov, 380
Etoto [TaveAlnvio latpikd Zvvédplo

lo Bpafeio vy v avapmuévn oavoakoivoon «Ta tedikad mpoiovio
mpoywpnuévns  yAvko{viiwang pvluilovv T yovidiokn  Ekppoon TS
evoolnlivig-1 ato evooOniio uéow twv uctoypapikav ropayoviwv NF-kB kat
AP-1» 210 Xvvéopro Huépeg ITaboroyiog, ABnva

20 BpaPeio yo v epyacio «4ilepyio e IgE Mnyoviouo ato wuo kai oyt oo
ppacuévo Adyovo. Aigpedvnon evoucOnromoinons o Grio. ovyyevy loyovika.
ko @povtay 8o Ilavednvio Zvvédpo AlAepyoroyiag kot KAwikng
Avocoloyiag, ABnva

lo BpaPeio yw v epyacio «Xvoowpesvon twv TElIKOV TPOIOVIWV UN
ev{opukng ylokolvliwons (Advanced Glycation End-products-AGES) ko 7
EVIOTIION TOV DIOJOYEQ TOVS GTO OVATOPOYDYIKO GOGTHUA OPPEVOV UDDV UE
uetafoiixo aovopouo» 190 Iaverlvio Ovporoyikd Xvvédpro, XoAKIdwK|

Mé£Log EMOTNUOVIKAV ETULPELOV
The Endocrine Society (Fellow/Student Associate Member) (2012-crjuepay)



KATAAOI'OX AHMOZXZIEYXEQN

Anpoocievoeic:

1. Role of Histone Lysine Methyltransferases SUV39H1 and SETDBL1 in Gliomagenesis: Modulation
of Cell Proliferation, Migration, and Colony Formation. Spyropoulou A, Gargalionis A, Dalagiorgou
G, Adamopoulos C, Papavassiliou KA, Lea RW, Piperi C, Papavassiliou AG. Neuromolecular Med.
2013 Aug 13. [Epub ahead of print]

2. Sox11 expression in astrocytic gliomas: correlation with Nestin/c-MET/IDH1-R132H expression
phenotypes, p-STAT-3 and survival. Korkolopoulou P, Levidou G, El-Habr E, Adamopoulos C,
Fragkou P, Boviatsis E, Themistocleous M, Petraki K, Vrettakos G, Sakalidou M, Samaras V, Zisakis
A, Saetta A, Chatziandreou |, Patsouris E, Piperi C, BrJ Cancer. 2013 May 28;108(10):2142-52.

3. Advanced Glycation End-products induce Endoplasmic Reticulum stress in human aortic
endothelial cells. Adamopoulos C, Farmaki E, Spilioti E, Kiaris H, Piperi C, Papavasiliou AG. Clin
Chem Lab Med. 2013 Mar 2:1-10.

4. Mechanical stimulation of polycystin-1 induces human osteoblastic gene expression via
potentiation of the calcineurin/NFAT signalling axis. Dalagiorgou G., Piperi C., Georgopoulou U.,
Adamopoulos C., Basdra E.K., Papavassiliou AG. Cell Mol Life Sci. 2013 Jan;70(1):167-80.

5. Polycystic ovary syndrome offspring display increased oxidative stress markers comparable to
gestational diabetes offspring. Boutzios G, Livadas S, Piperi C, Vitoratos N, Adamopoulos C,
Hassiakos D, lavazzo C, Diamanti-Kandarakis E. Fertil Steril. 2013 Mar 1;99(3):943-50.

6. Deregulated Chromatin Remodeling in the Pathobiology of Brain Tumors. Spyropoulou A, Piperi
C, Adamopoulos C, Papavassiliou AG. Neuromolecular Med. 2012 Nov 1. [Epub ahead of print]
Neuromolecular Med. 2013 Mar;15(1):1-24.

7. Phosphorylated 4E-Binding Protein 1 (p-4E-BP1): a novel prognostic marker in human
astrocytomas. P. Korkolopoulou, G. Levidou, E. EI-Habr, C. Piperi, C. Adamopoulos, V. Samaras,
E. Boviatsis, I. Thymara, G. Vretakos, EA. Trigka, S. Sakellariou, N. Kavantzas, E. Patsouris, A.
Saetta. Histopathology. 2012 Aug;61(2):293-305.

8. Histone modifications as a pathogenic mechanism of colorectal tumourigenesis. Gargalionis AN,
Piperi C, Adamopoulos C, Papavassiliou AG. Int J Biochem Cell Biol. 2012 Aug;44(8):1276-89.

9. Crosstalk between advanced glycation and endoplasmic reticulum stress: emerging therapeutic
targeting for metabolic diseases. C. Piperi, C. Adamopoulos, G. Dalagiorgou, E. Diamanti-
Kandarakis, A.G. Papavassiliou, J Clin Endocrinol Metab. 2012 Jul;97(7):2231-42.

10. Expression of Interleukin-8 (IL-8) Receptor CXCR2 and Suppressor of Cytokine Signaling-3
(SOCS-3) in Astrocytic Tumors. Korkolopoulou P, Levidou G, El-Habr EA, Adamopoulos C,
Samaras V, Zisakis A, Kavantzas N, Boviatsis E, Fragkou P, Papavassiliou AG, Patsouris E, Piperi
C, Mol Med. 2012 May 9;18:379-88.

11. The clinical and prognostic significance of activated Akt-mTOR pathway in human astrocytomas.
E. El-Habr, C. Adamopoulos*, G. Levidou, A. Saetta, P. Korkolopoulou, C. Piperi. Neurol Res Int.
2012; 2012: 454957. (*co-authorship)
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3)

4)

5)

6)

7)

8)

12. Strong and positive association of Endothelin-1 with AGEs in PCOS: A causal relationship or a
bystander? Christakou C., Economou F., Livadas S., Piperi C., Adamopoulos C., Marinakis E.,
Diamanti-Kandarakis E. Hormones, 2011 Oct-Dec;10(4):292-7

13. High Incidence of MGMT and RARbeta Promoter Methylation in Primary Glioblastomas:
Association with Histopathological Characteristics, Inflammatory Mediators and Clinical Outcome.
Piperi C, Themistocleous MS, Papavassiliou GA, Farmaki E, Levidou G, Korkolopoulou P,
Adamopoulos C, Papavassiliou AG, Mol Med 2010 Jan-Feb;16(1-2):1-9.

Hpo@opikéc-AvapTNUévES AVOKOWMOELS:
“Interference of Advanced Glycation End-products signaling with collagen cross-linking in human
endothelium” C. Adamopoulos, C. Piperi, P. Korkolopoulou, G. Dalagiorgou, A. Spyropoulou, A.
N. Gargalionis, E. A. Kandaraki, A. G. Papavassiliou, The Endocrine Society’s 95th Annual
Meeting & Expo, San Francisco, USA 15-18/06/2013

«To tehkd mpoidvto mpoympnuévng yAvkolvAinong puBuiovv v ékepacm g o&eddone g
Aveiving oto gvdobniion X. Adapoémoviog, X. [Titépn, I1. Kopkoromovrov, I'. Ntarayidpyov, A.N.
Fopyahdvne, E. Awpdavin-Kavdopdaxn, A.I. Tlorofactieiov, 40° Ilaveldivio Zvvédpro
Evdokpvoloyiog kot Metaforiopon, ABnva, EAAGda, 17-20/04/2013

«O1 molvkvoTiveg ¢ VEOL JYVOOTIKOL Kol TPOYVIOOTIKOL OEIKTEG OTO GOEVOKOPKIVOLN GTOV
kapkivo tov moyéog evtépov» AN. Tapyolovng, I'. Ntorayiwpyov, II. Kopkoromodiov, X.
IIwwépn, I'. AeBidov, A. Z{n-Zepunetloyrov, X. Adapomovrog, 1. Kapafoxvpdc, N. ToaBapnc,
E.K. Mrdodpa, A.T. IMonoBociieiov. 18° MaveAlivio Zvvédpio Ecwtepikiic ITaboroyiag, Adnva,
EAMGSo 18-20/10/2012

“Induction of endoplasmic reticulum stress by Advanced Glycation End-products in human
endothelial cells” C. Adamopoulos, E. Farmaki, H. Kiaris, A. G. Papavassiliou, 22nd European
Tissue Repair Society Meeting, Athens, Greece, 4-5/10/2012

“Polycystins: mechanosensor molecules with prognostic significance in colorectal cancer” A.N.
Gargalionis, G. Dalagiorgou, P. Korkolopoulou, C. Piperi, G. Levidou, C. Adamopoulos, A. Zizi-
Sermpetzoglou, N. Tsavaris, E.K. Basdra, A. G. Papavassiliou, 22™ European Tissue Repair
Society Meeting, Athens, Greece, 4-5/10/2012

“Androgens and dietary glycotoxins excess may accelerate ovarian tissue ageing by decreasing
GLO-I activity: a link to PCOS syndrome” E. Kandaraki, A. Chatzigeorgiou, C. Piperi, E. Palioura,
S. Palimeri, C. Adamopoulos, A. G. Papavassiliou, M. Koutsilieris, 22" European Tissue Repair
Society Meeting, Athens, Greece, 4-5/10/2012

“Impact of dietary Advanced Glycation End Products (AGEs) modifications on metabolic and
hormonal profile in women with polycystic ovary syndrome” S. Livadas, E. Tantalaki, C. Piperi,
Anastasios Kollias, C. Adamopoulos, A. Koulouri, C. Christakou, E. Diamanti-Kandarakis, 22nd
European Tissue Repair Society Meeting, Athens, Greece, 4-5/10/2012

“Polycystins 1 and 2 as novel prognostic markers in colorectal cancer” A.N. Gargalionis, G.
Dalagiorgou, P. Korkolopoulou, C. Piperi, G. Levidou, C. Adamopoulos, A. Zizi-Sermpetzoglou,



9)

10)

11)

12)

13)

14)

15)

16)

17)

N. Tsavaris, E.K. Basdra, A. G. Papavassiliou, 37th ESMO Congress (Abstract), Vienna, Austria,
28/09-02/10/2012

“Advanced Glycation End-Products induce endoplasmic reticulum stress in endothelium” C.
Adamopoulos, E. Farmaki, H. Kiaris, A. G. Papavassiliou, C. Piperi, 11° International Symposium
on the Maillard Reaction, Nancy, France, 16-20/09/2012

“Advanced Glycation End-Products regulate lysyl oxidase expression in endothelium” C.
Adamopoulos, C. Piperi, P. Korkolopoulou, G. Dalagiorgou, A. Spyropoulou, E. Diamanti-
Kandarakis, A. G. Papavassiliou, 11° International Symposium on the Maillard Reaction, Nancy,
France, 16-20/09/2012

“Prognostic implications of interleukin-8 (IL-8)-CXCR axis in astrocytic tumors” P.
Korkolopoulou, G. Levidou, E. El-Habr, C. Adamopoulos, P. Fragkou, N. Kavantzas, E. Boviatsis,
A. G. Papavassiliou, C. Piperi, E. Patsouris, 10th European Congres of Neuropathology-British
Neuropathological Society-Euro CNS, Edinburg, Scotland, UK 31/07-04/08/2012

“Transcriptional regulation of endothelin-1 expression by Advanced Glycation End-Products in
human aortic endothelium is mediated via NF-xB and AP-1” C. Adamopoulos, C. Piperi, G.
Dalagiorgou, A. N. Gargalionis, E. A. Kandaraki, E. Diamanti-Kandarakis, A. G. Papavassiliou,
The Endocrine Society’s 94th Annual Meeting & Expo, Houston, USA 23-26/06/2012

“Impact of dietary Advanced Glycation End Products (AGEs) modifications on metabolic and
hormonal profile in women with polycystic ovary syndrome” S. Livadas, E. Tantalaki, C. Piperi,
Anastasios Kollias, C. Adamopoulos, A. Koulouri , C. Christakou, E. Diamanti-Kandarakis, The
Endocrine Society’s 94th Annual Meeting & Expo, Houston, USA 23-26/06/2012

«Docpopviiopévn 4E-tpoteivn obvdeong 1 (p-4E-BP1)/Evag véog mpoyvmaotikdg delktng yio ta
acTpokvTTapiKd veomidopatay I1. Kopkoromodriov, I'. Aegfidov, H. EA-Xaunép, X. Ihmépn, X.
Adapdémoviog, E. MnoPuitong, E.A. Tpiyka, II. ®pdaykov, X. Xaxelapiov, N. Kapavtlac, E.
[Motoovpng, A.A. Zoétto, 130 Ilaveldrvio Xuvvédpio IlaBoloywkng Avartopkng, Koiapdro,
EAMGSa, 13-16/06/2012

«To mpotovta mpoywpnuévng yAvkolvAmong emdyovv TNV &kepacmn g evoobniivng-1 oe
KaAMépyeleg avBponivav evoodnMokdv KuTtdpwv PECH TOL HETaypaplkoy moapdyovta Nuclear
Factor-xB» X. Adapémoviog, X. ITumépn, I'. Nraraywwpyov, E. Awpdvin-Kavdapdxn, A. T.
IManapoacireiov, 380 Ethoto Iovelinvio latpikd Zvvédpro, ABnva, EALada, 16-19/05/2012

«Xvoyértion g Ekepaong Tav [ToAvkvotivdv 1 kot 2 pe v KAvikn €kPaon Kot Tpoyvmon Tov
acfevav pe kapkivo maycog eviépovy» AN. Lopyotdvng, II. Kopxoiomoviov, X. ITuépn, I.
AePidov, A. Znin-Zepunetloylov, X. Adapdémoviog, I'. Ntorayuwpyov, 1. Kapapoxvpog, E.
[Motoovpng, N. Toafapnc, E.K. Mmndacdpa, A.I'. IomoPociieiov. 180 IMaveddrvio Zvvedpio
Kiwiig Oykoroyiog, ABfva, EAAGSa 26-28/04/2012

«Covidwokn puBuion g evéobniivng-1 and ta Tpoidvta Tpoy®pNUEVNS YAVKOLLAIONG HECH TV
petaypapikov mapoydviov NF-kB kot AP-1 oto evoobiion. X. Adapoémovrog, X. ITumépn, I
Nroraywpyov, AN. Tapyorcdvng, E. Awpdavin-Kovdopdakn, A.I'. Tlornafoacireiov. 390
IMavervio Zovédpro Evdokpvoroyiog ko Metafolcuot, Adfva, EALGSa 4-7/04/2012



18)

19)

20)

21)

22)

23)

24)

25)

26)

«To teMkd mpoidvio mpoympnuévng ylvkolvdioong pvOuilovv ™ yovidlokh £K@pacn TNng
evooniivng-1 oto evdobnio péom tov petaypapikdv mapoaydviov NF-kB kot AP-1». X.
Adapomoviog, X. ITitépn, . Ntarayiwpyov, A.N. Tapyohwdvne, E. Kavdapdaxn, E. Awopdvin-
Kovdapakn, A.I. IamoPaciieiovy. 21o Xuvvédpio Huépeg Ilaboloyiag, AbMva, EArGdo 16-
17/03/2012

“Prognostic significance of the mTOR pathway in human astrocytomas: a multivariate survival
analysis, including IDH1-R132H presence, with emphasis on p-4E-BP1.” E. El-Habr, P.
Korkolopoulou, G. Levidou, C. Piperi, C. Adamopoulos, V. Samaras, E. Boviatsis, G. Vretakos, .
Thymara, E. Trigka, S. Sakellariou, E. Patsouris, A. Saetta — International Symposium on Clinical
and Basic Investigation in Glioblastoma, Valencia, Spain 23-25/06/2011

“How do we move teeth after all: the role of Polycystin-1 in mechanically induced alveolar bone
remodelling.” G. Dalagiorgou, C. Piperi, U. Georgopoulou, C. Adamopoulos, A. Papavassiliou, E.
Basdra. EOS 87th Congress of the European Orthodontic Society, Istanbul, Turkey 19-23/06/2011

«AlMepyia pe IgE Mmnyovioud oto oud kot Oyt oto Ppacpévo Adyavo. Atgpgvvnom
evatcOntomoinong oe dAla ocvyyevny Aayoavikd kot ¢@povtoy. I. ITodhog, B. BoPoing, K.
KovteootdOng, X. ITmépn, A. Capyohwvne, A. IMomaypdvn, X. Adapoémovrog. 8o IMavelAnvio
Yuvédplo AAdepytoroyiag ko KAviknig Avocoroyiag, AOnva, EAAdda 16/04/2010

«Emidpaon g Stpopng He YALKOTOEIVEG GE OPUOVIKEC TOPAUETPOVE TNG EMVEPPLOKNG
Agttovpyiog, QUCIOAOYIK®V Kot appevorombéviav IAéwv enipvovy. X IHoinuépn, E. TlaAovpa,
E. Kavoapakn, A. [Momaiomg, X. ITuépn, ©. Owovopov, X. Adapdmrovrog, A. Iarapacireiov, E.
Awpavtn-Koavoapakn. 370 IoavedAdqvio Zovvédpio Evdokpivoloyiag kot Metafoiicuov, AbMva,
EA\GSo 14-17/04/2010

«Enidpaon dwrpopikdv yAvkoto&vav [Advanced Glycated End products (AGEs)] oe mpogonpika
appevomonBévteg Oielg emipvecy. E. Tlakiovpa, E. Kavdopakn, 2. Hoivpépn, X. Ihmépn, X.
Adapdémoviog, A. IlamoPacireiov, A. IlomaAidng, E. Awpdvinm-Kavdapdxn. 360 Ilavelinvio
Yuvédpro Evdokpvoroyiog kot MetaBoiiopot, AheEavdpovmoin, EALGda 8-11/04/2009

«METEUUNVOTOVGLOKES YOVAIKEG LLE GTEQAVIAIO VOGO £YOVV OVENUEVO EMIMEDD TEMK®V TPOTOVI®OV
Tpoympnuévng yavkoluAimong [Advanced Glycated End products (AGEs)] kot avépoydvavy. E.
Evpaopne, K. Tovtovlog, I'. Mmovtliog, 2. Aifaddc, A. Kapaydiiog, X. [Timépn, X. Adapémoviog,
X. Zrepavadng, A. Ilomafocireiov, E. Awopdvm-Kavoapdkn. 360 IMoaveAdqvio Zvvédpro
Evdokpwvoloyiag kar Metaporiopon, Ale&avdpodmoin, EALGSa 8-11/04/2009

«Merét TV emmEdmV 0pov TV TPOIOVTOV TPOoYmPNeEVNS YAvKoluAMlmong [Advanced Glycated
End products (AGEs)] o€ petelnvomauctokés Yovaikes 6 O(ECT LLE T EMIMESA TV OVIPOYOVAVY.
M. Xpnotov, E. Aapmpvovddxn, X. Apaddc, ®. Owovopov, X. IImépn, X. Adapbémovrog, I
Toaykopaxn, I'. Kpeatodg, A. Iomapacireiov, E. Awopdvim-Kovdoapdakn. 360 Ilavelinvio
Yuvédplo Evdoxpivoroyiog kar Metaforiopod, AleEavopovmorn, EAAGda 8-11/04/2009

«H enidpaon tov dwrpopuwdv yivkoto&ivav [Advanced Glycated End products (AGEs)] oto
0EEOMTIKO GTPEG KO OTIG OPLOVIKEG TOPAUETPOVG GE 0o0evelg e cVUVOPOUO TOAVKVGTIKAOVY. E.
Tavroddkn, X. ITumépn, A. KovioOpn, X. Adapdémovrog, A. ZépPa, A. Ilamafacireiov, E.



27)

28)

29)

30)

31)

32)

33)

Awpdvin-Kovdoapakn. 360 Iloveldnvio Xvvédpo Evdoxpwvoroyiag xor  Metafoiiopov,
Ale&avdpovmorn, EALada 8-11/04/2009

“Serum levels of the Soluble isoform of the Receptor of Advanced Glycosylated End products
(sSRAGE) are increased in women with PCOS”, C. Piperi, E. Tantalaki, S. Livadas, C. Christakou,
X. Xyrafis, C. Adamopoulos, S. Kandarakis, A. Papavasiliou and E. Diamanti-Kandarakis — 10th
European Congress of Endocrinology, Berlin, Germany 3-7/5/2008

«EVOOMPEVOT TOV TEMK®V Tpoidvimv un eviopukng ylvkolviioong (Advanced Glycation End-
products - AGESs) kat 1 evTOmion TV VITOS0YEN TOVG GTO AVOTOPUY®YIKO GOGTNUL APPEVEOV LLDV
pue petafoikd ovvdpouo. A. Mooyovig, A. Mnrpomoviog, X. IMmépn, A. Tleppéa, X.
Adapomoviog, E. Awpdvin-Kovdoapdaxn, A. IamoPoaciieiov - 190 I[MoaveAinvio Ovporoyikod
Yovédpro, Xoikdkn, EAAGda 1-5/10/2008

«Aviyvevon TV TEMKOV TPoidvTOV TPoyx®pNUEVNS YAVKOLVAIMONG Kol TOL VTOJ0YEN TOVG GTO
OVOTOPUY®YIKO oVoTNUO.  appéveav Huov ue  UeTofoikd obvopopo», A. Mooyovdg, A.
Mntpémovrog, X. ITwtépn, A. Ileppéa, X. Adapomovrog, A. Ilomafacireiov, E. Awpdvin-
Koavdapakn - 350 [MaveAlqvio Zuvédpro Evdokpvoroyiog kot Metafolopnon, AOnvae, EAAGSa 19-
22/3/2008

«Emineda tov O10ALTOD TUAUOTOS TOV VTOO0YEN TOV TEMK®OV TPOIOVIOV TPOY®PNUEVNS
yAvkoluAimong (sSRAGE) otov opd yuvaikov pe Xovopopo Iloivkvotikadv Qobnkovy, X.
Xpnotakov, X. IIuépn, Z. APaddc, E. Tavtordkn, E. ZEvpdone, X. Adapdémoviog, X.
Koavoapakng, A. Ilamapaciieiov, E. Awapdvin-Kavdapdxn - 350 Ilaveldqvio Xvvédpro
Evdokpvoloyiog kon Metafoliopon, Abnva, EALada 19-22/3/2008

«Ol TPOPAEYLOVMOELS KVTOKIVES OTIG YPOVIES EMUTAOKES TOL GAKYOPDON dafftn ToToL 1 Kot THTov
2», K. Ale&avdpdxn, X. [Timépn, K. MoakpoAdkng, X. Adapdémoviog, E. ®appaxn, E. Ztapodin, I
Koitode, A. Kalopovtng -340 ITavelinvio Zuvédplo Evdoxpivoroyiag kot Metafoiicpov, Kprn,
EA\GSo 28-31/3/2007

«Ol TPOPAEYUOVDOEIS KLTOKIVEG 6TO caKyap®dn owfntn tomov 1» K. Ake&avdpdxn, X. ITutépn,
K. MaxpuAdkng, X. Adapomovrog, E. dopudxn, E. Zrapovin, I'. Koitodg, A. Kaiopodtng - 100
IMaveAAvio Aafntoroyikd Tvvédpio, AOMva, EALGSa 28/2-4/3/2007

«H avtotopio g ovpds ce veapd dtopo cavpdv tng owkoyévelag Lacertidaey, I1. TMagiing, X.
Adapdémoviog, A. Xxélra, X. Zipov, E. A. Bakdkog - 280 Emompovikd Zuvédplo g EAAnvikig
Etapeiog Brohoywkdv Enomudv, Iodvvive, EALGSa 18-20/5/2006



Evyaprotieg

Oa MBeho vo eKPPAC® TIC EWMKPVELG POV gvyaploties otov emPAémovia
Kafnynm mg moapovoag didaktopikng dotping kot péviopa pov kvpo Abavacio I
[MamaPaciieiov yoo MV EUTIGTOGUV, TV EMGTNHOVIKY Kot N0k kabodnynon tov og
60 TO YpoviKOd Oddotnua TG ekmoévnon ™G Me v 0 0épun Bo MBera va
evyapoton v  Kabnyntpue wuvpia Evovbio Awpdvin-Kavoopdkn, vy v
kaBodnynon g kor v moAvmAgvpn ompiEn ™c. H ovvepyocsia pov pali g
anotelel avoppiofiTnm . And kapoldg Oa nBera va gvyapiomom v Ernikovpn
Kobnynrpo Xpiotiva [Muwépn vd v adidkonn enifieyn kot kabodnynon g omoiog
npaypatoromdnke n mapovoa SwtpiPn. H Ponberd g oAdd kot n ompiEn g o€
kaBnuepwvn faon otryun vanpée avektTipnt.

[a v owovoukn evioyvon ¢ OwTpPrg awtNg omd TO  EPELVNTIKO
ypnuatodotovpevo €pyo  «Hpdiertog-1I», 1o omoio ypnuatodotidnke oamd v
Evponaikn Evoon kot amd EOvikovg mdpovg ekppdlm tv €uyvopocvvn pov Kabhg
Kol 6€ OAOVG OC0VG HECO OO TO TPOYPOULO aVTO GLUVEROAAAY TTPOG TNV KatehOuvon
ouTN.

> ovvéyewn Ba MBela va gvyaplotiom Bepud v Avarinpaotpro Koabnyntpla
kupio EvBopic Mracopa yio tnv coprapdotocn kot Ty nokn vroompiEn. Evyopiotd
eniong tov Avoaminpot| Kadnynt Inmokpdarn Kidpn yio m mopaywyikn cvvepyacio
HOG OAAG KO Y100 TIG TAVTOTE SPMOTIOTIKEG GUUPOVAES TOV.

Evyapioto, eniong, v Avaninpotpio Kadnyntpia [Inveddnn KopkoAiomoviov
Y10 TNV GLVEPYACIN GTNV TPOYLATOTOINOT TOV TEWPAUATOV 0VOGOTIGTOYNLLELOC.

Oepuég evyapoties oepeihw oty Ap. Tewpyla Ntoiayidpyov-Koyephxn
petaddaktopky] epevvitpra tov Epyacstmpiov Blioloywrg Xnuelog yio v moAdTiun
BonBeta g KabBdOG emiong kot yo v Kadnpepivi cuvepyacio Log.

210 onueio avtd Ba MBeha vo gVYOPIOGTACHO OAOYLYA TNV UETAOIOUKTOPIKN
gpevvnTpla Kot eiAn, Ap. ‘Edeva @appdxn, yio ) cvvepyosio pog kabmg eniong Kot yio
TNV GLUTOPELON HOG Omd TNV TPAOTN otyun mov PBpebnkape pali oto Epyactiplo
Buoloyumg Xnueiog. Evyoapiotd emiong oAdBepua yio tn otevi] cvvepyoosio pog aAld
Kot yie v oMo tovg v EMdva ZmmAom, tov Aviovn lapyoldvn kot v
Avaotacio ZmupomovAov.

Evyopioto, emiong, oia ta péAn tov Epyoactmpiov Bloroyumg Xnueiog mov

ocuvéBaAlay pe Tov Evav 1 Tov GALO TPOTO STV VAOTOINGN TNG TOPOVCOG LEAETNG.



TéAoG, EVYOPIOTAD TNV OIKOYEVELD HOV Yo TN GTHPIEN, TNV KOTOVON oY KOl TNV
VTOHOVT] TNG Kab' OAN TN dLdpKEL TS EPYUTIOG LoV, ALY KOl GAOVS EKEIVOLG TTOL KATH
KAmo10 TPOTO GUVERAAGY GTNV TPAYUOTOTOINOT] OVTNG TG EPYACING KOt TOVS 0TOI0Vg

{omg Tapélenya vo ovoQEP®.



Iepreyopeva

TLEPTATIUM et 1
SUMIMEBIY ..ttt e et e et e e e bt e e e s e e 4
| 21 027N I 01 N = L PP O PP PR TPPPPR 6
1.1 Bioynueio tov teMkov tpoidviov tpoyopnpévng yAvkoluiioong (AGEs) ......... 6
1.1.1 Ymodoyag v AGES - RAGE ........oooiiiie e 17
1.1.2 ZNUatodO0TNON TOV AGES. ..o 24
1.1.2.1 To onuatodotikd povomdtt TV MAP-KIVOGOV .....cc.evvvviiiieeeeeieiiee 28

1.2 AGES k0t AVOTTOPOYOYUCO ZUOOTIHLO .vveeretveesnrreessreeeantreessneeassneesssneessnneeessneeennns 31
1.3 AGES KO EVIOOTAIO ...t 35
1.4 X1peg 1ov EvoomAaopatiko) AKTOOU (EA).....cooi i 44
1.4.1 Moptaxoi cuvod01 6TO EA ..o 45
1.4.2 Movomdrtio. onuatod0TnoNg o1V amOKPIoT TOV 6TPEG TOV EA ..., 48
1.4.3 Avayvadpion tov otpeg 100 EA ammd T00g LOPLIKOUG GUVOOOUGC . vvvvvvvrieeeennnns 56
1.4.4 Z1pec TOU EA KOL OTTOTITMON 1vvvviiiiiieeiiiiiiiiieee ettt a e e e e e 57
1.5 AGES k01 ZTPEC TOU EA..oiiiiiiiiiiii e 61
1.5.1 Ztpec tov EA kot MeTABOMKN OHOIOOTUO cevvveeiiiiiiiiiiiiieeeessiiiiiriineeeeeesnns 61

1.5.2 Mopiaxn dtacvvoptha petald onuoatoddmong tov AGEs kot tov otpeg

TOU B A e 64
2. ZKOITOZ EPTAZIAL ...ttt 67
3.YAIKA KAT MEGOAOL.......ciiiiiiiiiiie ettt 68
3.1 KUTTOPOKOAAEDYELEG . .- vvveeeeurrrieeeiiteeeeeasiee e e e et r e e e et e e e e s b e e e e s annn e e e s annreeeesnnnes 68
3.2 ATOUOVOOT) TPOTOYEVAY KUTTOPDMV..eeeeeeerrereeiirreeeeaiieeaeessirneeeessnnneeessssnneeeesannns 70

3.2.1 Amopdvaon evéodniokadv kuttdpov and oppoikr eAéfa (HUVECS) .. 70

3.2.2 Amopdvoon kuttdpov Onkng and enipveg (Theca cells)......oovvveeriiinnenns 72
3.3 Aokipacio pe xprion xpootikig Trypan BIUe..........cooeveiiiiiiii e 73
3.4 AOKIOGTO IMTT Lo 74
3.5 Amopdvmon OMKOV TPOTEWVIKDOV EKYVMOUATOV .eeeererrrreeiiiieeeeaiireeeesanireeeeaanes 75

3.6 Amopudvmon KuTToPOTAUCUATIKOV TPOTEIVIKOV EKYVAMOUATOV ..evveeeeriiieeeenese 76



3.7 Amopudvmon TupnVIK®OV TPOTEVIKOV EKYVAGATOV ...evereeiirrereeiirreeeeaaieneeeesanes 77

3.8 TTocoTikdG TPoGdI0PIGHOG TPOTEIVAOV pe T nébodo Bradford ... 77
3.9 Awyopopog tpoTeivdv pe SDS-PAGE nAEKTPOQOPNOT .. vvveiiiieiiiieeiiie e 78
3.10 Avocoanotomwon kotd Western (Western blot) .........cocoovveiiiiiiiiii, 81
3.11 Avocodokipacio tomov ELISA mov Bacileton og kottapa (CASE-Kit)............ 83
3.12 Artopovmomn oMKOD RNA OTTO KOTTOPO. .evveeeeeeeeeiiiiiiiiiiee et 86
3.13 RT-PCR (Reverse Transcription PCR) .........cccoouiiiiiiinieiiienieeee e 86
3.14 Ahvcidmt avtidpaocn molvpepaong (Polymerase Chain Reaction, PCR) ........ 88
3.15 HAextpopdpnon DNA 6& TNKTOUO OYOPOING. - vvveeiirrieeeiiiiiee e 92
3.16 Moocotikn PCR pe ) gprion ¢ xpwotikng SYBR GREEN..........ccooiviieenee 93
3.17 Aokpacia petafoing e niektpoopntikig Kivntikomrag (EMSA) ............. 9

3.17.1 TIpocOnKn ProTiving 610 3’ GKPO TMV OVIYVEVTMV ..oevvvvvriieeeeeeeiiiiivieeeeenss 96

3.17.2 Electrophoretic Mobility Shift Assay (EMSA) .......cccooveevveeiieecie e, 97

3.17.3 TTocoTikomoinom Kot EKTIUNGOT TOV OMOTEAECUATOV ...vvvvvvvierieeeeeeeiiveees 100
3.18 Avoocoictoynpeio 6 00PTIKO EVOOONALO ETTUVMV ..vvvvvviiieeeiiiiiiiiiiiiee e 100
3.19 KUTTOPOLETPIO POTIC . einrertrrerieeeeeesiiiiteeeeeeee e e s s sibba e e e e e e s s s ssbbbb e e eaeeesssnnnrenes 101
3.20 ZTOTIOTUT] OVIADGT] «eeiieriiirreeeeeeessssssibteeeeaeeeessssnssbbsseeaeseesssnsssbbbeeeaeeeessssnnsenes 102
4. ATIOTEAEZMATA ..ottt 103
4.1 Melétn e onuatoddong tov AGES 6e HUVECS.......ccocvvviiiiiiiiiiiii 103
4.2 Mehétn g onpatoddtnong tov AGES ce kdttapa 0NKne emipvv...........e...... 108
4.3 Merétn g onpatoddtnong tov AGES 6e HAECS.........ooooiiiiiii 112
4.4 Merétn g onpatoddtnong tov AGES 6 aoptikd evoodniio enipvoy............ 117
4.5 AMmAentidpaon tng onpatoddtong twv AGES kot tov Ztpeg tov EA ............. 121
5. ZYZHTHEH.....oiiiiiii et abee s 129

5. BIBAIOT PADIA ... 141



Hepidnyn

Ta mpoidvta mpoywpnuévng yAvkoluiiwong (Advanced Glycation End
products, AGEs) eivar popo vyning dpaoctikdétnrog, to omoio oynuartilovton
evdoyevg amd v un  evlopatikr] yAvkolvAimom mpoteivdyv, Amdiov Kot
VOUKAETKOV 0&Emv 1N mpoépyovtor and e€myevelc mnyéc. Avtd mepiapfdvouv pio
TOADTAOKN KoL ETEPOYEVH OLASO GUGTOTIKAOV LE TOIKIAT LOPLoKT dOouUT| Kol Bodoyikn
Aertovpyia. O oynmuatiopog twv AGEs €yet evoyomombei oty moboyévelin tov
SPNTIKOV  EMITAOK®V, VEVPOEKPUAIGTIKMOV Ol0TOPAYDV, TOV YNPATOS KOl TNG
apTNPOGKApUVONG Kol NG QAeypovng. llpdcepata €xer amodeybel m mapovcio
avénuévov emmédwv AGEs kot Tov khprov onpatodotikov vrodoyéa toug (Receptor
of AGE, RAGE) otov opd kot otov ®oOnKikd 1010 YOVOIK®V HE GOVOPOUO
ToAvKVoTIKOV wodnkav (ZI1Q). H aAinieniopaon tov AGEs pe tov vmodoyéa tovg
RAGE gvepyomotiel evooxvTTOpiKd GNUOTOS0TIKA LOVOTATIO TO, OTTO10L EVEYOVTAL GTNV
EVOOOMALOKY KO OVATTOPAY®YIKT) OVGAEITOVPYIN, KOTAGTAGELS TOV YopokTnpilovv og

peydro Badbud to XI1Q.

To apywd o1Ad10 TG TAPOoVoHSG UEAETNG TepleAduPave TV HeAETN TG
EMOPOON TOV TEMK®OV TPOIdVIOV Tpoyopnuévne yAvkolvAiwong (Advanced
Glycation End-products, AGEs) pe ™ yopfiynon AGE-tporomompuévng odfovpivng
Bogwov opod (AGE-bovine serum albumin, AGE/BSA) og ¢ucoloyikd xot
naforoyikd avOpmmvo evoodnAto. I'a 0 oKomd avTd TPAYHATOTOONKE HEAETN TNG
EVEPYOTTOINONG/ POGPOPLAIOONG GLYKEKPIUEVOV EVOOKLTTAPIOV TPOTEIVAOV-GTO WOV
OV oNuatodoTkoy povoratiov twv AGEs mov mepilopfdavovv v ERK1/2 kot v
c-JUN og kadépyeteg evooOniakdv kuttapov amd eAEPa oppaiiov Aopov (Human
Umbilical Vein Endothelial-cells, HUVECS) @uG1oloyiK®V YOVOUIK®OV, YOVOUK®V WE
2IIQ ko Zokyopodn Awpnm tomov I Tapoammpnbnke ot n yoprynon tov AGEs
dgv 00MNYNOE OE OTATIOTIKO OMUOVTIKN gvepyomoinon g kivdong ERK1/2 peta&d
QLGLOAOYIKAOV  evooOnAoKk®V  Kuttdpwv kot ond ZI1Q xor dwPntn  Kdnonc.
[MopampnOnke Opmeg otoTioTiKd onuaviiky] evepyomoinon g C-JUN ota
evoonhoxkd kottapa ond XI1Q katdémyv yopnynong AGEs oe oyxéon pe 1o
QLO0A0YIKE 1 6T TPoEPYOHEVA 0md dtaPnTn Konong. H avénuévn evepyomoinon tov
c-JUN ot0 ZXIIQ ogeidetar ot yopnynon tov AGEs. H 6 dgpedvnon
TPOYUATOTOWONKE Kol 6€ KOAAEPYELES KLTTAPWV OMKNG 0md eMipveg, OOV KOt 01 6VO
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kwvdoeg ERK1/2 kot c-JUN, petd amd yopriynon twv AGES gvepyomombnkay €1d1kd

HEG® PWGPOPLAMONG,.

>t ovvéxela depevviOnke n ooppetoyn TV enayouevov ond to AGES
uetaypoeikav tapayoviov NF-kB (Nuclear Factor-kB) kot AP-1 (Activator Protein-
1) AGEs og avOpomva evdoOnhokd xvttapa aoptig (HAECs, Human Aortic
Endothelial Cells) ot yovidiakr pOoOuon g evoodniivne-1 (ET-1, endothelin-1) kot
™m¢ o&eddong ¢ Avoivng (lysyl oxidase, LOX). H ET-1 omotelel évav Pooikd
TOPAYOVTO,  OYYEIWOGUGTOANG KOU ONUOVTIKO  Ogiktn  ayyelokng  evooOniokng
dvorettovpyiag evod 1 LOX amotekei to kOpro éviupo odvheong tov koAloydvou Kot
Mg eAlootiviig oto evoodnNAo, KatoAvoviag T Onpovpyios ScVVOEGEMY Kot
CUUUETEYOVTOG EVEPYE oTNV avadounon g eEokuttaplog Bepélag ovsiog kol otnv
ayyewkn opotdoctacn. H yopnynon AGE-BSA oce xaAlépysieg HAECS emdyet
ONUOVTIKA TN peTaypaer tov yovidiov g ET-1 kot g LOX xotd éva ypovo- kot
0060-e£apTOUEVO TPOTO KOOMDS KOl TNV TPOTEIVIKN Tovg ékppaocn. H eraymyn avtm
pecoAafeital amd TV evepyomoinon Kot TPAGOEST GTOLG LIOKIVNTEG KOl TOV dVO
yovwiov tov petaypaikdv  mopaydéviov NF-kB kot AP-1. EmmAéov, n
OVOCOIGTOYNUIKN O1EPEVVNOT TOV EVOOOMAIOV TNG OPTNG PVGIOAOYIKADV ETIUVLOV TOV
elyav AdPer dlota vynAng meplektikdémtog o AGES £de1ie vynin ékppaon Kot
ovvevtomicpd twv AGEs, RAGE, ET-1 kou LOX og oyéon e Toug HapTUpES,.

[MapdAinio peretnOnke n mBavn enidopaocn tov AGEs oty emoywyn tov
Y1peg Tov Evoomiaouoatikod Awtdoov (EA) kol tov eumhekOUEVOV GNUOTOO0TIKOV
popiov. H yopnynon AGE-BSA eAhdttwoe otoatiotikd onpovtikd@  tov
noAlomiactocpd tov HAECS kotd éva 0660- kat xpovo e£aptdeEVO TPOTO VO
napatnpinke dueon emoywyn (24 kol 48 dpeg) TOV HOPLIKAOV GLVOODV, OEIKTAOV,
™m¢ enaymyns tov otpeg ov EA (GRP78, GRP94) kabog emiong kot emaymyr Tov
petaypagikov evepyomomrt) XBP-1. Aeiyfnke emiong petémeito emaymyn Tov
phospho-elF2 a kot tov Tpoamontmtikoy petaypapiov topdyovio. CHOP (48 kot 72
hpeg) mov oyetiomke pe avENUéEvo aplud OmMOTTOTIKOV KLTTAP®V GTOVG 1010V

xpOVOoLC.

H emoayoyn g mpoteivikng éxepacng tov LOX kot ET-1  péow
evepyomoinong tov d&ova AGE-RAGE kafmg kot 1 yovidiokn Tovg pudpion amd toug



petaypagikovg mapdyoviec NF-kB kot AP-1, amotelel éva mbovd evookvttdplo
LOPOKO UNYOVIGHO TTOL GUUBAAAEL GTNV EVO0ONALaKY SVCAEITOLPYIL XOPAKTIPICTIKY
NG TOYVCOPKIOG, TMV UIKPOAYYEINKMV SOPNTIKOV ETTAOK®MV, TNG 0BnpoyEveong Kot
TOV GUVOPOLOV TOV TOAVKVGTIKOV mobnkdv. H mapovoa datpiPr] delyvel yio mpdn
@opd v dueon emaywyn amd ta AGES tov otpeg tov EA og avBpomva aoptikd
evooOnAloxkd xottapa, moiloviag éva onuaviikd poOA0  OTNV  OMOMTOCY  TOV

EVOOOMALIK®OV KLTTAPWV.



Summary

Advanced glycation products (AGESs) are highly reactive molecules, which are
formed from the inherently non-enzymatic glycosylation of proteins, lipids and
nucleic acids or derived from exogenous sources. These include a complex and
heterogeneous group of components with varying molecular structure and biological
function. The formation of AGEs has been implicated in the pathogenesis of diabetic
complications, neurodegenerative disorders, aging and atherosclerosis and
inflammation. Recently, it has been demonstrated the presence of elevated AGEs
levels of and their principal signaling receptor signaling (Receptor of AGE, RAGE) in
serum and ovarian tissue of women with polycystic ovary syndrome (PCOS). The
interaction of AGEs with their receptor RAGE activates intracellular signaling
pathways that are involved in endothelial and reproductive dysfunction, conditions
that characterize PCOS.

The first part of this project included the study of AGE effects in normal and
pathological human endothelium after treatment with AGE-modified bovine serum
albumin (AGE/BSA). The study involved activation/phosphorylation of specific
intracellular target proteins of the signaling pathway of AGEs, specifically ERK1/2
and c-JUN, in cultured endothelial cells from umbilical vein (HUVECSs) of normal
women, women with PCOS and gestastional diabetes. Administration of AGESs
resulted in no statistically significant activation of the kinase ERK1/2 between normal
endothelial cells from PCOS women and those with gestational diabetes. However, a
statistically significant activation of c-JUN was observed in endothelial cells
following administration of AGEs compared to normal or derived from gestational
diabetes. Increased activation of c-JUN was also observed in PCOS after AGEs
treatment. The same investigation was also conducted in cell cultures from rat ovaries
(theca cells) where both kinases ERK1/2 and c-JUN were specifically activated after

administration of AGEs.

Then we investigated the involvement of the AGEs induced transcription
factors NF-xB (Nuclear Factor-xB) and AP-1 (Activator Protein-1) AGEs in human
aortic endothelial cells (HAECs, Human Aortic Endothelial Cells) in the gene
regulation of endothelin -1 (ET-1) and lysine oxidase (LOX). The ET-1 is a key factor



in vasoconstriction and an important indicator of vascular endothelial dysfunction.
LOX on the other hand is the main enzyme implicated in the synthesis of collagen and
elastin in the endothelium, catalyzing the formation of crosslinks and participating
actively in the reconstruction of the extracellular matrix as well as contributing to
vascular homeostasis. The administration of AGE-BSA in HAECs significantly
induced gene transcription of ET-1 and LOX in a time-and dose-dependent manner
and their protein expression. This induction is mediated by binding and activation of
the transcription factors NF-kappaB and AP-1 in the promoters of both genes.
Furthermore, immunohistochemical investigation of normal aortic endothelium from
rats that had received high in AGEs-diet showed increased expression and
colocalization of AGEs, RAGE, ET-1 and LOX in the same areas.

In parallel, the effect of AGEs on the induction of endoplasmic reticulum
stress (ER stress) was also investigated in endothelial cells. AGE-BSA administration
significantly decreased proliferation of HAECs at a dose- and time-dependent
manner, while there was an immediate induction (at 24 and 48 hours) of the molecular
chaperons, GRP78, GRP94 which are representative markers of ER stress induction.
Furthermore activation of the transcriptional activator, XBP-1 was also observed. In
addition a subsequent induction of phospho-elF2o. and of the proapoptotic
transcription factor, CHOP (at 48 and 72 hours) was associated with the increased

number of apoptotic cells at the same time points.

The elevated protein expression of LOX and ET-1 via activation of AGE-
RAGE axis and gene regulation through the transcription factors NF-xB and AP-1
suggest a potential intracellular molecular mechanism contributing to endothelial
dysfunction that characterizes microvascular diabetic complications, obesity,
atherogenesis and polycystic ovary syndrome. The present study shows for the first
time the direct induction of ER stress by AGEs in human aortic endothelial cells,

playing an important role in the apoptosis of endothelial cells.



1. EIZXATQI'H

1.1 Buoynpueia Tov teEMKAOV Tpoiovtov apoyopnuévng yYAvkolviioong (AGES)

Ta tehkd Tpoidvta Tpoympnuévng YAvkolvAimong (Advanced Glycation End-
products, AGES) oynuatiCovtot un eviopikd omd v avtiopootn avnyUEvey Hopemv
coKyGpov pe mpoTEivec, Amid Ko voukAeika o&fa. H avtidpaon ovtn, elye
neprypagel mpotapykd to 1912 amd tov I'dAro ynuikd Louis Camille Maillard, otnv
TPOGTAOELL TOL VO avOTTapAydyEL TNV PLOAOYIKY TPp®TEIVOSUVOEST, VO amoTEAET Lol
and 11§ Pacikéc avtidopdoelg g ynueiog tpoeipmy Kabhg otav cvupaivel mopdyet
£Vl YOPOKTNPIOTIKO YpLoO-KaPé ypoua i «browing effecty divoviag emiong
YOPOKTNPLOTIKY YeVon Kot dpopo. H emovopoaldpevn ko avtidopacn Maillard,
amotelel T0 KAAOIKO povomdtt oynuaticpod tov AGEs evod yuo ) dnpiovpyia toug

nailovv Kaboplotikd poéAo o1 vynAég Bepuokpaciec mov avamTHGGOVTOL KATA TO

poyeipepa [1].

H avtiopaon Maillard oty mpaypatikdtnta dev givor povo pio avtiopaon
OAAG pio ogpd un evOOUIK®OV ovTopdoemy mov mepAaupfdvooy Ty avtiopaon
KApPOVOMKAOV OpAd®V COKYAp®V, OO TG YALKOING M KAmolag GAANG dPACTIKNG
aAOEDONG, mov €xel avoybel, Ue OUIVOUAOES TPMTEIVOV, VOVKAEIKOV ofémv 1
eooeomdinv, oynuatiCovrog Pdoeilg Schiff, akoAovBovpeveg amd avadievfeTnoelg
Amadori kot 0EEWMTIKEG TPOTOTOMGELS (YAVKOEEIDMOEL) OV €mdyovTol omd TNV

emidpaon erevBépwv plav o&uyovov [2].

H avénpévn un evlopkn yivkoluAioon kot 1 cvesompevon twv AGEs otovg
16TOVG €xel EvoyoTonbel KOTAPOVAOS OTIG OoPNTIKEG EMITAOKES, KAODS HUropovv vo
petafariovy v evOLUIKT EvEPYOTNTA TPOTEIVOV, VO EAUTTAOGOLV TNV TPOGOETIKN
WKovOTNTO, LE TOVG GLVOETEG TOVS, VO dAAAEOLV TO Ypdvo mpicelng (Mg tov
TPOTEIVAOV Kol VO TPOTOTOU|GOVV TNV «AVTIYOVIKOTNTA» TouG. ‘Eyel avapepbel emiong
N mapovcio avtd-aviicopdtov evavtia cto AGEs tov opov, ta omoia eivon wavd vo
oynpatiCovv avocoovumiéypato pe to. AGES eved ot mapaydpeveg amd v un

evlopwkn  yAokoluAmon  eiedBepeg  pileg  pmopodv  vo  TPOKAAEGOLV  TOV



KOTOKEPUATIOLO TPOTEIVAOV 0ALGL Kot TNV 0EEIBMOT TV VOVKAETKOV 0EEMV KOl TMV

Mmdiov [2].

"Hon and 10 1969 o1 Rahbar kot cuvepydteg eiyov cuvoEGEL TO LOVOTATL OVTO
LE ToV cakyopndn dwprtn tomov 1 (XA1) otov dvBpwmo pe v mopatipnon Ot pio
QLOIKA OTOVTOUEVN WHIKp avOpomvn awpoceapivy, 1 HbAlc, sivar éva peta-
LETOQPACTIKO TOPAY®YO NG avtidpaong e YALKOLNG HE TNV  OUIVOTEAIKN
apwopddoa g Paiivng g B aivcidag e HbAIc [3]. Khvikd, n pétpnon g
yAvkolvAopévng aipooearpiving, mov eivor éva mpoidv Amadori, €xer @Epet

EMOVACTAOT] OTNV TOPAKOAOVONGN Kat T LEAETN TOV dWPNTIKAOV acOevaV.

(I3=0 + HzN — PROTEIN H'|C =N— PROTEIN H?-(I:_ NH — PROTEIN
H'(l}OH H-?-OH ?=O
HO - C- H > HO-C-H — HO-C- H
| ~— | - |
H'(l}OH H'?-OH H'?-OH
H-C- OH H-C- OH H-C- OH
| | |
CHOH CH;OH CH,0H
Glucose Protein Schiff base Amadori product
Hp-C— NH —
AGE — PROTEIN N EROTEN '
H- C-OH
and / or e — Ho-‘c—H ————
I
H-C-H
PROTEIN — AGE — PROTEIN I
-
Advanced He G0
Glycation Dicarbonyl intermediate
E"‘(’K'G 02)“‘:‘3 such as protein-bound 1,4 deoxyglucosone

Ewova 1.1: To xhaowd povomdtt g un eviopikng yAvkolvAimong mov odnyei o1o
omuoatiopd tov AGEs péow tav mpoiovtov Amadori. H apywn avtidpaon avapeco o
yAukoln ko v apwvopddo pwg mpoteivig oxnuoatiler pwa avaotpéyiun Schiff Baom, n
omoio PHETATPENETAL GE OLAda PpovkTolapiving 1 Tpoidv Amadori. Mg 10 ypovo Ta TPOiOVTA
avtd pumopel vo oynuaticoov T AGEs péow OpacTik@v StkapPovoAkdv evoldpecmv

TPOIOVI®V, OGS TG cLVOEOUEVNG Le TpmTeivn 1,4-0e0&vyAovkoldvng [4].



Onwg mpoavapépbnie n un evioukn yAvkoluAMmon Tov TpeTeivdv amoteAet
170 KAGOIKO povomatt oynuoticpoy tov AGES kot ekwvael pe pio mopnvoeian
avtidpaorn mpocsbnkng avipeoca oe pio eAevOepn apvopdda kot Ty KopBovoAkn
Opad0 EVOC GOKYAPOV Yo Vo oynuotiotel pia avaotpéyiun Schiff Baon péoa oe
nepiodo wpwv. H tehevtaic péoa amd pio oepd oavodievbeticemv pmopel va
petotponel oe po mo otabepn keroauivn M mpoidv Amadori péco oe mePiodo
nuepov. To mpoidv Amadori, and T otiyun mov oynuotiCeton, eivol mpaKTikd un
avaotpéyipo. H mpoteivikr pun evlopikr yivkolvMwon eivor pio avBopuntm
avtiopoaon mov e€optdrar in Vivo and 1o Pabud kat T S1dpKeELd TG VIEPYAVKOUIOG,
10 ypdévo muicelng Comg g mpoteivng Kol ™ SomepatdHTNTO TOL 16TOV TNV
elevbepn yaAvkoln [2, 4]. To mpoidv Amadori pmopel vo. PETACYNUOTIOTEL GE [a
nepiodo  ePOopddmv oe  dpacTikd OKaPPOVOAIKE evoldueca mpoidvto, Om®G
yhovkoodveg (m.y. 1,4-0g0&uylovkocdvn, mpdopopo TG yYAovkolemdvng) Yoo vo
oynpatiotovv tehMkd to. AGEs, 6mwg n yAovkolemdvn. Avtd eivoar 10 KAOOIKO

povoratt oynuoticpov tov AGEs (Ewova 1.1)[4].

protein

e

H/ N\ H I Amadori’s U -

Schiff’ —
aldehyde bacs; s\‘ I;‘ product A '\ H
\A fo) H_C\ H= c\-“/;o
] —p CHOH
(CHOH),

(CHOH),
I

CH,OH
CH20H % ﬂ 2
—— \ i m
L FFI,

I T R
group f= 0 o \ CML,
c= \ .0
e 4 T (A CEL,
5o CH (S
'C. =, e C‘ Pentosidine,
K (CHOH), » Imidazolone,
methyl-glyoxal’
glyoxal CH,0 yi-gly GOLD,
. ! MOLD,
o Ssoralucosensl ¥
...................................................... AGEs and others...

Ewéva 1.2: ITi0avé povordrio oynuoticpod AGEs [5].



Evolhaktikol pnyoviopot oynuoticpod tov AGEs mepilapfdavovv tig
avTOPACEL, OTIS OmMoieC CLUPETEXEL TO «KopPovodikd otpecy. Ilpdkertanr Y
avTOPAcELS pe dpaoTikd dtkapPovolikd evdtdueca mpoidvta (Ewdva 1.2), Ta omoia
o avaeépbniay, Kot Umopohv vo CGYNUATICTOVV amd TV avTto-o&eidmon g
YAvkoIng, tov Mmdiov, tov Schiff Bdoewv 1 kot Ttov Amadori Tpoidviemv Kot 61N
oLVERElD, VO, OovTIOpAcovLV  TAAL  pe  eAebbepeg apVOUOOEG  TPAOTEIVOV,
YPNOUOTOIDVTAG TIG OPOCTIKEG KOPPOVOMKEG OUAdES KOl VO 0dNYNGOLV GTOV
oynpatiopd tov AGEs, 0nwg Ba avapepBel avarvtikd tapaxdto [5, 6]. Ta tpoidvra
Amadori yevikd eivar mepiocotepo otabepd mpoidovta amd Tig Pdoeig Schiff ko
TPOKTIKO U1 OVOSTPEYILO. XTN GUVEXELD, UECO OO TOAVTAOKEG OVTOPAGELS, OGS
aeuodt®won Kot cvumdkvoon, oynuoatilovion to AGEs, mov sivon to teAkd un
avaotpéyipa tpoiovta. Ta wpoidovta Amadori propobv emiong va d106TaGTOvV, OTMG
Oa meprypagel ot cuvéyela, pe o&eldmon (yAvkoleidwon) yia va mapaybodvv AGEs,

omwc M xkapPoéouebvr-Aoucivn (carboxymethyl-lysine: CML) [4].

H pebBvroyAvo&dn éxer avayvoplotel ©¢ KOPLO €VOOKLTTAPIO JPACTIKO
dkapPovolkd eVOLUESO, TOL TPOEPYETOL Omd TN YAvkOAvon. H avBopuntm
ATOP®GPOPVM®ON TG  3-QOOPOPIKNG  YAVKEPOAOEDONG Kol TNG QWGPOPIKNG
SOPoELOKETOVIG GTO GTAOI0 TNG IGOUEPACNC TOV QPMOOPOPIKAOV TPOL®dV €YEL MG
OTOTELEC O TOV GYNUATIOUO TG neBvAoyAvo&dine. Emurpocbeta, 10 ackopPikd oy,
n Opeovivn kot M apvoakeTovn eivan mpddpoueg ovoieg g pebvioylvofaing. H
nebBLAOYALOEAAN avTopd pe elevBepeg opddeg Avoivig Yoo TOV GYNUOTIOUO TOV
AGEs, 0nmg g kapPoéuvaBvivcivng (carboxyethyl-lysine, CEL) 1 Tov dipepoicg g
pebvroyrvo&aikng Avoivng (methylglyoxal lysine dimmer, MOLD). Avtidpé emiong
HLe TV opywivn yio tov oynuoticpd tov vopoipdalorovav. H peBviloyilvo&din

punopel va katafolotel amd Tig evdokvtapieg yAvolardoeg [4, 7].

H yhokéln pmopel dpeca va ofedwbel pe v mopovsios KOTAALTIKOV
LETAAA®V KOl 0EVYOVOL (awTo-0&eidmon). [T cuykekpiéva, pLovooakyopiteg, OTm
n YAvkoln, Ppiockovior o 1Goppomia He TNV «EVESIOAN TOVG, M omoio pmopel va
VIOGTEL AVTO-0EEIOMON LE TNV TOPOVGTio LETOAAW®V LETAPACNS KOl VO CYNUATIGTEL 1
pila evedoAnc. Avty n pila avdayer To poplakd o&uyovo vy va mapoybel pila

vrepoewdiov (02-) ki €tol, ofewdmveral o SKAPPOVUAIKY] KETOOADEDON, 1N omoia



avTopd pe apwvopddeg mpoteivov oynuotiloviag v ketoipivn [2]. H avtidopaon

oLt givatl yvoot og «un evoupikr yAvkoluAinon avto-ofeidmoncy (Ewova 1.3).

Glucose == Enediol » Enediol
/—\ radical
anion

hl|n+ [\v)l(n,l )+

02
OH- H20) ~tfmms 02+ + O30

Ketoaldehyde

Advanced / )\
P

Glveation —< == === === Ketoimine

rotein

Endproducts

Ewéva 1.3: Mn evlouikn yAvkolodimon avto-oEeidmong, 6mov 1 YALKOIN LETATPEMETOL OE
OkapPOoVOAIKT) KETOOAOEHON HéSm NG piloc evedlOANc. ALt 1 KETOOADEDHON Umopel va
avTopdoel Le pio opvo-opddn TPOTEIVIG Yo vo GYNUoToTel pio KeToipivn wovhy va
oynuaticet AGEs. Avtd 1o otddw kataivovtal and pérailo petdfoong (M) kot 1 pila
vrepo&ediov mov mapdyeton propei va petatpanel oe pila vVOpoEvAiov pécw TG avtidpacng

Fenton.

Ot xetoipiveg efvar mapdpoleg, av kot o Opactikég amd To. mPoidvta
Amadori, kot ovppetéyovv oto oynuoationd AGEs. H koataivdpevn amd péraila
avto-0&eidmon g YAvkOINS pmopel va givor onuavtiky] otovg acBeveic pe LA1 ko
VEQPIKY avemdpkeln 1/ Kot aBnpockinpwon. Mropel va odnyncel 610 GYNULATIGULO
YAVOEAANG, £VOG ONUAVTIKOV dpacTIKOD OKapPOVLAKOD EVOLALEGOV TTPOIOVTOG KO
apofwvolng. H terevtaio mevtoln pmopel vo avidpdost pe mpoteiveg kot va
oynraticer AGEs, o0nwg v mevioodivn [4]. O avtdpdoelg ofeldwong, emiong,
ocvppetéyovv 6to oynuaticpd twv AGEs, o omolog emttaydvetar pe tnv mopovcia
ofuydévov ko emPpaddveTar oe ovaepoPiec cvvinkec. O 6pog «yAvko&eidwony»
YPNOYLOTOLEITAL Vi VL TEPLYPAYEL TNV 0VTO-0EEIOMOT TV TPoidvTwv Amadori mpog

AGEs (Ewova 1.4). TTapovsio ppetdAhov pUeETdfocns Kol Loplakov 0&Euyovov, To
10



npoidvta, Amadori PpETATPETOVTOL GE SIKOPPOVOMKES TPOTEIVIKEG EVAOCEL LECH
piog evedding mpwteivng mov mapdyst ) pila vrepoediov. Ov mpoTEIVIKES
dwkapPovorikég evmoelg pmopel vo cuupetéyovv otov oynuotiopd AGEs kot
avaPEPOVTOL WG TPOTOVTA YAVKOEEIDWONC. ATtO T GTIyur mov oynuotilovtat, ot pileg
VIEPOEESIOV UTopEl Vo petatpamodv o€ vYnAd dpootikés pileg vopo&uriov (OH))

péow g avtidopaong Fenton [2].

. Schiff _a  Amadori
Glucose o base ¥ product

Protein Enediol
02 MIH'

\Y L M(n-1)+

(n-1)+
OH- H202 <@= 02+ + 03¢ M

Protein Dicarbonyl

\

Advanced
Glycation
Endproducts

Ewova 1.4: H ylokoleidmon Omov o1 KETOOUIVEG HETATPEMOVIOL OF TPMOTEIVIKEG
dwapPovoikég evaoels wavég va oynpatiCovv AGEs. Avtd ta otddwo xataidovion omod
pétodda petdfoong (M) kot m pilo vepo&eldiov mov mapdyetor pmopel va LeTOTPATEL GE
pila vdpoEuAiov péow g avtidpaong Fenton. Ov apwvoopddss tov Phoswv adevivng kat
yovavivng oto DNA egivan emiong evaioOnteg ot un evlvpwn yivkolvAimon kot To
oynuoationd AGEs, mbovotata Adyw tov dpacTikdv gvdokuttdpiov cokydpov. Ta AGEs

Umopobv, €MIONG, VO CYNUATICTOOV KOl OO TO, QOCPOAITION KOl VO TPOKAAEGOLV TNV
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vrepoteidmon tov Amdiov pécwm pog dueong avtidpaong avapesa otn yAvkoln kot Tig
OUIVOOUAOECT®Y  QMGPOMTIOI®Y, OTMOC TA KATAAOWO QOCEATIOLAMBOAVOAaUivG Kot

eoopaTdvrocepivng [2].

Emunpdobeta, n vmepoleidmon tov Amdiov mopdyst HEPIKA OpACTIKA
dwkapPovurikd evdidpueca, ta omoia gival Tapdpola pe avtd mov oynuatiCovrot kotd
TG avTIOPAcEl; YAvKkoEEIdwonG, ocvumepthapufPoavouévev e YAVoEIANC Kot NG
pebvioyAvo&ding, ta omoia eivol Tpdopoueg evoroelg Tov kuplotepmv AGEs, 6mmg
tov CML, tg CEL, tov wwwalorovedv g apywviving kol g apyuripipudivng. H
vrePoEeidmon TtV Mmdiov elval 1 0EEWOMTIKY amodOuNnon Tov Amdiov Kot
waitepa, TV ToALVaKOpeSTOV AMmap®dv o&Ewv. Eivar n dtadikacio katd v omoia ot
elevbepec pilec 0&uyovov «KAELOLVY MAEKTPOVIOL OO TO. AITIOW TOV KLTTOPIK®OV
pepppavov, mpokaimvioag kvttapikn PAAPn. H avénuévn vrepoleidwon tov
Mmdiov, mBovotoTa emoyOUeVn amd TV VIEPYAVKALLIO KOl TO 0EEOMTIKO GTPEC, UE
OTOTELECUO TOV OLENUEVO OYNUOTICUO TOV TEAK®OV TPOIOVI®MV TPOYM®PMNUEVIG
Mmoo&eidmong (Advanced Lipoxidation End-products, ALEs), pumopei vo eivor o

UNYOVIGLOG TOV GUVOEEL T dLCAUTIOOUi0 e TIC dlaPnTikég emmAokég [8].

‘Exer PBpebei, emiong, éva in vitro povomdtt oynuaticpod tov AGEs un
eCaptdpevo amd TN YAukoln N ta Ao aAdd and to apvoléa. Xe ovdeTepOPIA,
LOVOKVTTOPO KOl HOKPOQAya, To. omoio Otav ektebovv o QAeypovdOeg epedicua
Tapayovv poedoimepolelddon o&ewdon tov NADPH, mpodyetol o oynuoticpnog tov
AGEs péom o&eldwong dwpdpmv ouvolémv. Evoéyetor omAadn o€ meployéc
oreypovig, av ta Evivpa avtd puOpifovv o oynuatiopnd twv AGEs in vivo, 6mog kot

in vitro, va pokaigital 1 Topaywyn TOLG Kot LEGH aVTOV TOL unyavicpov [9, 10].

H avtidpaon Maillard cuvolkd amotedeitan amd tpia KivnTikd dapepioparto
OV OTOTEAOVVTOL 0T ) TOVG GTPECOYOVOLS Tapdyovtes N epebiopata (Stressors),
ONAadn v YN TOV KaPPOVLMK®OV TOpayOVIOV TOL 03N YOOV TV avTidpaocn, B) ta
péca owdooong (propagators), dniadn Tovg dPAcTIKOVS KOPPOVOAIKOVS TaPAYOVTEG
Tov mpoépyovtar amd Tovg Stressors kot to tehkd mpoidvto (end-products), mov
0AOKANPAOVOLV TN SodKaGio TG LOPLOKNG YNPOVONG Kol €Vl TO OMOTEAEGLA TNG

avtidpaong Maillard [1] (Ewédva 1.5).
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[Tépa amd Tov €VOOYEV GYNUOTIGUO TOVG LE TOVG TPOAVAPEPHEVTES TPOTOVG
10 AGEs éyovv kot e€myevny mnyn mpoéievong péocw g datpoenc. Mmopovv va
OYNUOTICTOVV Kotd To poyeipepa, péom g Oepuikng emeepyaciog Ommg Mom
avaépnke apykd, oAAd TEPLEYOVTIOL KOl GTOV KOTVO OO TO Tolydpo [6]. Zyetikd
npoceata, &xel oeybel otL To AGEs tovAdyiotov &v uépEl amoppoe®VIOL GTNV
KUKAOQOpio. evd peréteg €yovv deilel 0Tt M vmepPoAikn TPOSANYN Oepurikd
EMEEEPYACUEVOV TPOPDV UTOPEL VO EVEPYOTOMGEL TAHOAOYIKA HOVOTATIOL 1| VO

EMOEWVAOGEL Lia 1101 vrdpyovoa taboroyia [11].

Stressors Propagators Endproducts
Aminoacetone CEL, MOLD* ‘
Threonine
. Y MG-Hydroimidazolone
| Glycolysis I - >| Methylglyoxal
\ y Tetrahydropyrimidine
Fructose Argpyrimidine
Glucosone 3-P

Ox
Lysine I 1-deoxyglucosone ey
Glucose Amadori - .
I: “— | Base - 3-deoxyglucosone} DOLD

2 4-di - -
M Namiki Ox 1 , |deoxy 5,6 }
\| GIUCOSEDane* ‘

Wolff Ox dioxoglucosone
Pentosidine*

—
4>| Fragmentation
Lipids

X

A P Glyoxal/ CML GOLA*
Glycol- -
Ox aldehyde GOLD*,GALA |
I Lysine modification G-Hydroimidazolone
I  Arginine modification GoDIC*

[ Lysine-arginine

* Denotes a crosslink

Ewéva 1.5: Emextikd ympwcd povordtio kot AGEs oyetilopeva pe v avtidpaorn Maillard

in vivo [1].

Aegdopévav TV TOKIA®V UNYOVIGLAOV GYNULOTIGHLOV, EVKOAO GuUTEpaiveETOL
o6t T AGEs eivar puo gtepoyevig opdda evoocemv [6]. ‘Exovv meprypagel t6G0

eBopilovta 660 Kot pun-ehopilovta popw. And avtd, cvykekpiuéva AGEs pmopovv
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Vo oyNUaticovy dloeTavpovpeves cuvdEsels (cross-links) péoa otovg 1o100¢ (Ekdva
1.6).

Ta AGEs pmopovv va dtakptBovv o€ Tpelg Katnyoples:

a) @lopilovia AGEs  mwov oynuotilovv Olaotovpodueves oovoeoels, Om®G 1
nevtootdivn Kot 1 kpoohivn. H mevtoodivny oynuotilel dtaotavpodpeveg cuvoEcelg
aVAULESH GTN AVGivn Kot TV apywvivn Kot to emineda ¢ aivetol vo, av&avouy 6To
YAl. H kpooAivn apykd ovoyvopiotnke oto veppd SwfnTikdv apovpoimv Kot

umopel va oynuatiotel Ko in Vitro ko in vivo.

B) un @Bopilovio. AGEs mov aynuotilovv oiactovpodusves oovoéoels, OM®SG Ol
dtlveiveg WwidaloAiov, 1 oAKVA- @OpULA- YAVKOLLA- TupOdAN (AFGP) kot n wisaldin
apywivng-Avcivng (ALI). Ot dthvciveg ywidaloAiov elval emiong yvmoTeés g OLEPT|
yAvo&aing-Avosivng  (GOLD) 7 peBvroyrlvo&ding-Avoivng  (MOLD)  xo
oynpotiCovior amd avidpAceES OVALESH GE TapAy®yo YALOEAANG Kol KoTdAOITO
Aoivne kot avyvedovtor in Vivo. Ot ahkvA- @opuvA- yAvkolvA- moporeg (AFGP)
oynpoatiCovior amd v aviidopaon avALESH 6€ OV0 HOPL COKYAp®V PE Eva UovVo
Katdhowmo  Avoivng oAlAd eivor mepropiouévng onuooiog in vivo. H yidaloin

apywivng-Avcivng (ALI) £xet amopovwbel mpdsato.

v) AGEs mov d¢ aynuotilovy oraotonpodusves ovvoéoels, OTMG 1) TuppaAivn kot 1 N-
kappBoéopeduvr-Aveivny (CML). H mopparivny aviyvevetal 6to avBpdmivo d€pua, To
T dopa kol tov eyképoro. To CML oynuatiletor amd v oedmTikny amoddunon
npoidvtov Amadori Kot KaTd TN OPKE KATOALOUEVNG omd pETOAAL 0EEIdONG
TOALOKOPESTOV Mmap®dV o&€wv mapovasio tpwteivig. Aroteiel éva and ta KuprOTEPQ
AGEs in vivo kot ta eninedd tov awEGvouy 600 POPEG 6TO KOAAXYOVO TOV OEPLOTOG

dwpntikev acbevaov [2].

To yopaxkmpiotikd edcopa @Bopiopod twv AGEs ota 440 nm petd amd
ekmopum ota 370 nm €xst ypnowomomBel KAACIKA Yo TOV TPOGIOPIGUO TNG
ovykévipoong Tov AGEs 6tovg 161006, Me PBroynpikég kot avocoynuikeés nebddovg
pumopovv va petpnbodv eBopifovia AGEs, 6mwg 1 mevioodivn kot un-ebopilovra
AGE:s, 6nwg 1 kapPoévropedur-Avuoivn (CML). H mtoivmlokdtnta, 10 KOGTOG Kot M
EMEWYT  EMOVOANYILOTNTAS CLUVEPOAOY GTOV TEPLOPICUO NG €VPVTEPNG YPNONS

14



avtdV TV nebodwv. Ipdceata, 1 dwwdoyikn eoacpatockonioo palag £xel SievKoAvvel
ONUOVTIKG TN ¥pnon Kot €xel PeEATIOOEL TNV emOvVOANYILOTNTA TG HeEBdSoL Yia
dupopa AGEs [12].

(a] Flucrescent Cross-linking AGEs
OH

H»

e .

Crossline

Pentosidine N
‘

(B} Mon-Fluorescent Cross-linking AGEs

»,
L@

Imidazolium dilysines

OH
Alkyl formyl glycosyl pyrrole

::';ﬁ?\f:‘:

(¢} MNon-Cross-linking AGEs

s

Arginine-lysine imidazole

HO =10y

Con

CHyOH
Pyralline

Carboxymethyllysine

Ewévo 1.6: Xnuwcés douég tpiov tomov AGEs (a) ®Bopilovia AGEs mov oynuatiovv
J0OTOVPOVIEVEG CUVIEGELS, OMMG 1 TEVTOGWivn Kat 1 Kpooiiv, () un ebopifovia AGEs
OV GYNUOTILOVY SUCTAVPOVUEVES GUVOESELS, OTMG dIAVGCTVES IIOALOAIOD, OAKVA- QOPUVA-
YAvKo{VA- TLpOAN kol daldoAn apywivng-Avoivng kar () AGEs mov 6g oynuatilovv
detavpovueves cuvdécelg, ommg to CML kot n mopokiv [2].
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Metd to oynpoticpnd twv AGEs, 1 cUGGMPELOT TOV GUVOESEUEVOV UE TIG
npoteiveg AGEs gaptdror and 10 ypdvo nuicelog (ong TV TPpOTEIVOV avTdV. Xe
TPpOTEIVEG peYdAov ypdvov muicelog (oNg, OTWS T0 KOAAAYOVO TOL OEPUOTOC, TIG
KPUOTOAAIVEG TOV (POKOD KOl TI TPOTEIVES TOV YOVOP®V, UTOPEL VO CLGGMOPELOVTOL
aKoun kot Tive omd ™ ddpkelo (ong Tov opyavicpumv. EEGALov, ot teployég dmov
avamtOooovTol ot Jwfntikég emmAokéc eivor emiong exeiveg 6mov Ppiokovion
LOKPOYPOVIEC TPMTEIVES (TT.)Y. omEPApaTIK) Pacikn pepfpdvn, KpuoTaAAivn @oKoV).
Gaivetor Aowmdv omopoitnto VO TPOTWMOVIOL Ol JOKIHOCieg pHETPNONG 1Ng

ovoompevong Tov AGEs kat oy pétpnon avtov o detypata m.y. aipatog [12].

Ta wvkhopopovvta AGEs pmopovv va ocvvoeBobdv pe vmodoyeic g
KUTTOPIKNG  EMPAVEING Kol vo  TpoKaAéoovv evdokvttapleg PAadfec. "Eyxovv

avayvoplotel motkidot vmodoyeig v too AGEs:

e vmodoyeic-kdbapong tov pokpoedywv tomov I kor tomov II (macrophage
scavenger receptors type | and type I, MSR)

e yaAektivi-3 (AGE-R3)

e AGER1 (AGE receptor-1)

e oMyocoakyapvAKY Tpavoeepion-48 (OST-48/AGE-R2)

e RAGE (Receptor for AGES)

Ot vodoyeis Tov AGEs pumopet va €govv 0etikd 1 apvntikd poro ot dpdon
tov AGEs. Ocov agopd oto 0etikd 100G pOAO, KATOWO1 LVIOJOYELS PUGIOAOYIKA
BonBovv otnv kKaBapon twv AGEs amd v xvukhogopia kot pmopet vo petptdlovv Tig
ofewwtikég toug emdpaces. o mapadetypa, gvepyetikdg vmodoyéag twv AGEs
Oewpeitan 0 AGE-R1 (Lu et al, 2004). H vrepékppacn tov €0e1&e avénpévn
gvookvttdpwon kot amodounon tov AGEs. Emiong, amokdilvye pio avaotoltikng
dpbdon oty emaydpevn and 1o AGEs kot tov RAGE owcpopvrioon tov MAP-
Kwoaoov kot v evepyomoinon tov NF-kB. Avtifeta, o RAGE kot mbovov drrot
VIOO0YElG PaiveTOl VO EVEPYOTOWOLV W10 OAVINGN OTO GTPEG TOL 0dNYyel of

QAeypOVN Kt KuTTAPIKY ducAettovpyia [6].
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1.1.1 Yrodoyéag tov AGEs - RAGE

O mo pehetnuévog vodoyéag twv AGEs givar o RAGE (Receptor for AGES).
O vmodoyéag eppaviCetor 6e PEYEAN TOKIAIL KUTTAPOV OTTMOG EMONAOKA, VELPIKA,
AYYEWKA KOl QAEYLOVDOON KVOTTOPO, cLVNOWG ekPpaloueVog 6e YaUNAd emineda oe
opoldctaon kol oe avénuévo emimedn oe mEPLOYEG otpeg N eAeynovic. E&aipeon
amotehel o mvevpovag, otov omoto 0 RAGE eppavifel oyetikd vynid emineda
éxppaong oe oyxéon pe ahiovg 16tovg [13]. O RAGE eivar pérog g vrepotkoyévelog
TOV avocosPopvav. To yovidlo mov tov Kwdwkomolel otov avlpwmo givorl yvmoto
kot ¢ AGER kot &dpdleton oto ypopdcouo 6 oty mepoyn tov peilovog
ovumiéypartog totocvpPoromrac (MHC, major histocompatibility complex) kot
amoteleiton amd po 5’ whevpikn meployn mov pvOuiler ™ petaypoaen tov, 11 e£dvia
kot g pkpn 37 apetdepootn mepoyn (3°-UTR). To mRNA tov 1,4 kb mov
wpokLTTEL peTappaletal o pio tpmteivny 404 apvolémv pe poplokod Papog mepimov
55 kDa. O vrodoyéag RAGE omoteleitor and évav aplOud Eexmplotdv meploymv
(domains): pw eEoxvttdpro mepoyn (apwvo&éa 1-342) mov mepriapfdver Eva
onNpatodoTikd mentido (apwvotéa 1-22), akoAovBoduevo amd TPELS TEPIOYES TLITOL
OVOCOGQUPIVDV, GUUTEPIAAUPAVOUEVOV UG TEPLOYNS TOTOV V, M omoio TEPLEYEt
TOVAGYIGTOV €V LEPEL TNV TTEPLOYN TPOGOESNS TOV GLVOETN (apvoééa 23-116) ko dvo

neproyég Tomov C (apwvo&éa 124-221 kon 227-317) [14](Ewova 1.7).
i Signal Peptide (aa 1-22)

[g-V domain (aa 23-116)

[g-C1 domain (aa 124-221)

[g-C2 domain (aa 227-317)
Extracellular
Plasma membrane - I Transmembrane domain (aa 340-361)
Intracellular ¢ Cytoplasmic tail (aa 362-404)

Ewéva 1.7: Zynuatikn anekovion tov RAGE [14](Kalea, Schmidt, & Hudson, 2009)
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Axolovbeitor amd pio vOPOPoPN dapepuPpavikn mepoyn (apwvo&éa 343-363)
KoL TEMKE oo o VYNAG QOPTIGUEVT] LWIKPT KLTTOPOTAACULOTIKN TTeployn (apvo&éa
364-404), mov eivor oamopaitntn) Yo T Swpecorofovueveg amd tov RAGE
KUTTOPIKEG EMOPAGEIC LETE TN GUVOEST] TOV e TOVG cLVOETEC. Onmg Kot GA o PEAN
NG VIEPOIKOYEVELNG TV OVOGOGPULPIVIKADOV LITOdoyEwV, dtabétetl éva peydio apOpd
TPOIOVTOV EVOAAAKTIKOV poticpotos. To mpoidovia ovtd, £(0vvV MG OMOTEAEGLO
oAAayEG otV aAAnAovyio TOV aptvoEEmV Tov EmNPeAlovy TV TEPOYT TPOGOESNG 1|
v oeoipeon G OWUEUPPAVIKNG TEPLOYNG KOl UTOPEL Vo 0OMYNCOLV OGNV
TOPUYMYY] EKKPIVOLEVAOV U CUVOEOUEVAOV UE TN UEUPPAVN LOPODV TOVL VLITOSOYEN
[15-18].

=
V AGEs, S100B, S100A1, S100A12,
other S100s, HMGB1, Ap oligomers
=
AP aggregates
C1 < $100 A12
—r
-
C2 < S$100 A6

mDia-1 l}—> S {I mDia-1

Ewova 1.8: Ov meproyéc tov RAGE xor o1 mpocdéteg tov. O RAGE eivar péhog g
VIEPOLKOYEVELNG TV avocospalptvdv. H eEmkuttapikn tov meproyn amoteAeital po tHmov-
V kot dvo tomov-C avocoocopapvikég meployés. Ilapdio mov or mepiocoTepr] GLVOETEG
deopevoviat otnv meptoyn tomov-V, ot meployég Cl ko C2 eniong deopedovv kdmolovg arnd
ToUg oLVOETEG. AkolovOel pio pov dwpepPpovikny meployn mov okoAovOeitor omd pio
QOPTIGUEVT KLTTApOTAACSUATIKY] ovpd. [Ipdopata dedopéva vrootnpilovv 6Tl 1 cVVIEON
OTNV KLTTOPOTAAGHATIKY TEPLoy ¢ TpoTeiviig mDia-1 (mammalian diaphanous-1) sivat
OMUOVTIKY Yo TNV HeTOy®yn onpatog and tov RAGE péow déopevong ovvoern oe avtov

[13].

H eéoxvttapla meproyn oo RAGE amotekeiton, 6nmg avoaeépdnke, amd pio
petafAnt) V tomov mepoyn mov akoiovbeitor amd 600 Eexwpilotég otabepég
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neployéc C tomov. Tlpdopatec peréteg éxovv Ogigel 0tL o1 mepoyég V kar Cl tov
RAGE dev elvar ave&aptnteg n pion amd v GAAN, aAld avtég oymuoatiCovv pio
0AOKANPOUEVN OOUIKT HOVAOO TTOV OOITEITOL Y10l TOVAGYIGTOV KOTOEG Omd TIC
W10 TTEG oHvdeonc Twv cuvoetwv. Emumdéov, €xel mpotabel 6T1  meproy C2 tov
RAGE mpookorrhdtor ot povéda VC1 péom evog €uA0YIoTov S10GVVIETN, OAAGL
Aertovpyel g pwo aveEdptnn povada. Ilepapatikd dedouéva deiyvouv OTL ot
mokidot cvvoéteg Tov RAGE pmopel va mpotipwovv va aAAniemdpovv pe pio 1

neprocotepes and avtég Tig meployes [13] (IMivakag 1.1 ko Ewova 1.8).

O RAGE e&ivat évag vmodoyéag mov cuvdéeton pe pio motkidio popiomv. Extdg
and ta. AGEs, cvvoéetan pe mentiow B-apvlogdovg, Tov cuoocwpedlovial 6T VOGO
Alzheimer ot T0 OapVAOEWEG-0, TO omoio cvvabpoileTon ©TN  CLOTNUOTIKNA
apvrogidwon. Emumrpdcbera, cuvoétec tov RAGE givan o1 S100/kakykpavovAiveg, pia
OKOYEVELL OTEVE OYETILOUEVOV KOl GULVOEOUEVOV E Ca®" molvmentidiov, mov
ocvoowpevovtal eE@kLTTAp o TEPLOYES xpoviag  @Aeypnovns. ‘Evag  GAlog
eAeypovmong ovvoétne tov RAGE eivar 1 DNA-cuvoeopevn mpoteivn HMGBI1
(high mobility group box-1) 11 aug@otepivn, n omoio amelevbepdvetarl and KvTTOPO
oL voeiotavrol vékpwon. Extdg and toug cuvoéteg avtohg Tov GUUUETEXOVY EVEPYH
OTN QAEYHOVN Kol GE OVOCOAOYIKEG avTiopdoels, o RAGE emiong aAnAemdopd e

EMPAVELONKA pLoplo ota Paktiplo kot To Asvkokvttapa [19].

Ligand Ligand Family Extracellular Domain(s)
of RAGE/Interaction

CML-AGE AGEs * V-type domain

(carboxy-

methyl lysine)

pronyl glycine AGEs * not studied

AGE AGEs * V-type domain

peptides

AOPPs AOPPs » not studied

Advanced
Oxidation
Protein products

HMGBI HMGBI * V-type domain
S100A12 S100/calgranulins  * V- & C1- type domains
S100B 8100/calgranulins = V-type domain
S100A6 S100/calgranulins = C2-type domain
Amyloid-p Amyloid-p & B- * V-type domain
Oligomers Sheet fibrils

Amyloid-p Amyloid-p & p « Cl-type domain
Aggregates Sheet Fibrils

MMivaxkag 1.1: O owoyéveleg Tv mpocdet®dv tov RAGE [13].
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Amd oavtobg tovg Eeywpiotobg ovvdéteg tov RAGE, o mpodtog mov
avayvopiotnke Ntov to. AGEs. Bdoet tov dwbéoipmv evdeiewv, sivor mbavo 6t ta
AGEs kot €10k mentidie AGEs ovvdéovtar pe tov RAGE péom g mepoyng V
tomov. EmmpécOeta pe ta AGEs, 100 mpoidvia mpoympnuévng o&eldmong
npoteivaov (AOPPs: advanced oxidation protein products) emiong cvvdéovtat pe tov
RAGE ka1 mopodotohv T petaymynq onpoatos. Ot cuykeKpIéveg TEPLOYEG OTIS OTOTES
ocvvdéovtar 610 eEmkuttdplo tunua tov RAGE mpémer axdun va dievkpivietodv
[13].

H apgotepivn (HMGB1) cuvdéetar, Onme oM avaeépbnike, pe tov RAGE kot
OULUUETEXEL GE U0 TOKIMO UNYOVIGU®V KLTTOPIKOV stress, Ommg TPOKANoM
KUTTOPIKNG LETOVAGTEVLGNG, VEVPIKNG eEEMENG Kot OlpopoToinong Kot avENoN TG
QAEYLOVMOOLS OmdvInoms, TovAdylotov katd éva puépog pécw RAGE. Awbéoua
dedopéva detyvouv 0Tt 1 apeotepivy/HGMBI1 cuvdéeton pe v mepoyn V tomov tov
RAGE [13]. H owoyéveln tov moivmentidiov S100/kadykpoavoviivng eivor pio
Eexwplot owoyéveln popiov mov meptlauPdverl tovAdyiotov 21 puéin. Ot
S100/kalykpavovAiveg eivor TpoTeiveg cuvdeOUeEVEG UE TO OOPECTIO OV YEVIKA
Aertovpyohv ®¢ depn Kot EYouv £vol PV PACUO AEITOVPYLDV, Kol LEGA KL EE® amod
10 KUTTAPO. MEAN avtig NG owoyévewng mov ocvvdéovian pe tov RAGE mpota
avayvopicOnkav ot S100A12 kot S100B, oAld  apyotepa  GAAEG
ocvuneptiapPavouévov towv S100A1, S100A2, S100A5, S100A6, S100A4, S100A7,
S100A8A9, S100A11, S100A13 kar S100P éxovv avapepbel 0TL cuvdéovtol pe Tov
RAGE. An6 avtéc tig S100/kaiykpovoviiveg mov eivol yvooTd 0Tl GLVOELOVTOL LE TOV
RAGE, o1 S100B, S100A1, SI00A2, S1I00AS, S100A6, SI00A12 oAANAemdpovV UE
mv mepoyn V tomov, 1 S100A12 eniong oAAniemdpd pe v mepoyn Cl ko
ST100A6 aAAnAemdpd pe v meproyn C2 tomov Ig. To mentido PB-apviogdovg Kot ot
tveg B-mroyotg emdvelag eivar mpoodéteg tov RAGE ki evéyovtar ot voco
Alzheimer kot v apviogidwon. Evd ot cuvabpoiceig AR cuvodovtar pe v meptoym
tonov Cl-Ig tov RAGE, ta olyopepn AP (mov miotevetan 6T gival o mo maboyova

€10M) ovvoovtar pe v mepoyn tomov V (Ilivaxog 1.1) [13, 19].

H wxvttaporiacpatiky mepioyn tov RAGE cuvoéetan pe v eokuttapio
nePLOYN LECH UG LOVNG eviopepnfpavikng meployng. H evdoxvttdpia meproyn etvon
pupn (<50 apwvo&éa) kot vYNAL EOPTIGUEVT. MedéTeg 68 KOAMEPYELEG KVTTAP®V Kol
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peAéTeg IN VIVO og 10yovIS1oKA TOVTIKIOL OTOKAAVYOY OTL 1 KUTTOPOTANG LOTIKN
nepoyn tov RAGE egival amopaitntn yu m petaywyn tov onpotog Petd ond v
npocdeon tv cuvdeTov [13]. Kabdg n xuttapomhacpatiky tepoyn tov RAGE dev
éxel evdoyevi] dpaotnplotnTa Kvdong tupocivng, €vag Unyavicpog KE Tov omoio
emdyel T dpdon ¢ 6T HETAS0GT] CUOTOG Kot Tr pOOUIoT TG £KPpacng Yovidimv
etvar péow S106VvOEoNC UE TAL EVOOKVTTAPLO HLOPLOL Y10 VO YEQUPADGEL T YEYOVOTO

POCPOPLAIMONG/EVEPYOTTOINGNG TTOV ATTOLTOVVTOL Y10l VO EEKIVI|GEL 1] GNLOTOSOTNON.

O Ishihara ka1 ot ovvddeh@oi TOL TPOHTEWVOV OTL | KLTTOPOTAUGLLOTIKY
neployn tov RAGE (e181ké t0 ovoTATIKO TOV MO KOVTA 0T Stapeppavikn meptoyn)
aAAnAemdpa aueoa pe tnv MAP-kivaon ERK (extracellular signal-regulated Kkinase:
eEokuttdpla  kwvhon pvOulopevn amd onuortoddton). Ouwmeg, ot Ppédnkav
AELITOVPYIKEG EMMTOCES OLTNG NG OAANAEmidpaomg, £€tol egivor mhavd OTL 1
oAANAenmiopaon Oev eivar amopaitnn ywo ) onuoatoddnon tov RAGE petd
ovvdeoN Ue ToVg TPocdéteg [13, 20]

H molvmievpikdtnta g onpatodotnong oo RAGE kot n damictwon 0t n
KUTTOPOTAUCUOTIKY TEPLOYN OEV TAPOVGIALEL EVOOYEVT] OPAOT TUPOCIVIKNG KIVAOTC
vroonimvel 0Tt RAGE aAnAemidpd e KUTTOPOTAAGUOATIKOVS TPOCUPUOCTEG DOTE
va. O1EYEIPEL TNV OTPATOAIYNON TOV KOBOIIKMOV OTUATOSOTIKMV povoratiov. [Tdve e
avtn v vedBeon ot Hudson kot cuvepydreg avalitnooy Ty TpoTteivn Tpocapuroyio
otV KuttaponAacpatiky ovpd tov RAGE ypnowomoidvtag t pébodo Yeast Two-
Hybrid. H avdAvon avt amokdAivye 0Tl 1 Kuttopomhacuotikny teptoyn t1ov RAGE
ovvdéeton In vitro kot in vivo pe v mpoteivn mDia-1 (mammalian diaphanous-1)
Kol OTL M OAANAEmiOpoon ovt €lvol QUecT OoAAG Kol amopaitntn yuo v
gvookvtTdpla onpatoddtnon tov RAGE mov pecolafeitar petd v mpdcdecT Tmv
owvdetdv tov (Ewodveg 1.8 ot 1.9). H mDia-1 eivor éva péhog pio otkoyévelog
npoteivov (formin protein family) ot omoieg Aettovpyodv yio v avadiopydvmon Tov
KUTTOPOGKEAETOD 1TNG oKtivng,  pubuilovtag v KLTTOPIKY KWNTIKOTNTO, TN
LETAVAGTELGT KOL TN UETOYWOYT CNUOATOG, XOPAKTNPIOTIKE Tapduoto pe ™ Proroyio
tov RAGE [13, 21].

Téhog, mpémer va onuewwdel 611 0 RAGE avikel og pia 1a4En vrodoyéwv ot

omoiotl mePEYOVV Lo SIUEUPPOVIKT EAIKO KoL 1 EVOOKLTTAPLO GNULATOOOTNGY| TOVG
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pecorafeitor and kwvdoec. MEAN avtig TG OUAdNS OmMOTEAOVV Ol VTOJOYELS TNG
epvBpomomrtivng (EPOR, erythropoietin receptor) kot g avénrtikng opuoévng (GHR,
growth hormone receptor). Ot Tep16GATEPOL OVTIOTOLO1 VTOSOYELS, TPOKELEVOL VOl
etval Aertovpykol Kol Vo EVEPYOTOIOVV TOL EVOOKVLTTAPIN WETOYOYIKA LOVOTATIOL,
molvpepilovtar. H dmoyn mept dipnepiopov kot tov RAGE evioydeton and 1o yeyovog
OTL 0 VTOSOYEAG TPOKEILEVOL VO cLVOEDEL Kol vau evepyomomBel amd Tov GuVOETN
S-100 Swepiletan [21, 22]. Meretdvtag o unyovicpd oAinAeniopacng tov RAGE
pe to. AGEs mapoatmpnfnke n dmapén oAryopepdv Tov LTOSOYXEN GTNV KLTTOPIKY|
pepPpdvn kon Bewpeiton Tog avtd eivor veevBova Yo v avayvopion tov AGEs
and Tov  vmodoyén [24]. AvtiocToyo OMOTEAECUOTO VTAPYOLV CYETIKE UE TNV
OAANAETIOPOOT KOL TOL O-OHLAOEWOVE pe Tov vmodoxéa RAGE. Xvvendmg, eivon
mBavov o RAGE va opa kot vo endyel T1g EVOOKLTTAPIEG AEITOVPYIEG TOL HETE OO

depopd tov [25].

] Cytoplasm

Nucleus /

Ewova 1.8 Zynuotikn amewcovion g mibavig «ovvepyoosiog tov RAGE kot TLR péow

OYNOUTIGHOD OUO- KOl ETEPO-OALYOLEPDY MGTE VO EVIGKVOEL 1 PAEYLOV®OONG 0mokpion [26].
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H oaAnlenidpaon tov RAGE pe dwpoptikovg cuvdéteg Eekvd pia oelpd
YEYOVOTOV KVTTOPIKNG oNUaToddtnons, 0ntmg n mapaywyn ROS kot n evepyomoinon
OPKETAOV KIVOOMV, 0ONYOVTOS GE OPOPETIKEG PAEYLUOVMOEL GULVENEEG OMWS M
gvepyomoinon TV peTaypoeikev mapoyoviov NF-kB,  AP-1 ko Stat-3. Ta
evoldpesa yeyovota 6€ aTA TO, LOVOTTATIO Eivat VIO cvuveyn depegvvnon. [Ipodcpata
dedopéva vrootnpilovv 611 0 RAGE otpatoloyel opiopévec TpmTeiveg TPOGAPUOYEIS

v ) BéATIoT onuatodotnon (Ewova 1.8).

Y7no6 avtd 10 Tpicpa 1 @OSEOPLAI®CT TS EVOOKVTTAPLOG TEPLOYNS TOV A0
tov 1ootvno ( g mpotewvikhig kwaong C (PKC() amatteitar mpokeévov va
otpatoroynfodbv n MyD88 (myeloid differentiation primary response 88) woi m
TIRAP (toll-interleukin 1 receptor domain-containing adaptor protein), Tpmteiveg mov
oyetilovtar pe tovg vmodoyeic TLRs (Toll-like receptors) xat v un €1dkn avocia.
Baocel kowvmv Asrtovpyiov, ot TLRS kot o RAGE 0o pmopovoav va cuvepyalovtal
EVIOYVOVTOG TNV PAEYHOVDOT| aOKPIoT HEG® GTPATOAGYNONG KON GLUVOPUOAOYNONG

opo- kot €tepo- ohyopepav (Ewova 1.8)[26].

$100 Proteins

AGE ~ é & Newly emerged Ligands (C3a/ox-LDL etc)

H Amphoterins’ ~ Mac1
Full length ¥
W mDia1 4° ' T2 PI3K =~ aKT/PKC \
¥ ROS \
N-terminally Cdc42/
\ MAPK CREB
Y N\
P38/INK ERK1/2
2 m i Nu\dur'mns{won
,‘;‘, factors
[v]
w | ©00
a
& ]
C-terminally :
truncated (esRAGE); Inflammation,
Atherosclerosis and
related manifestations

Ewova 1.9: Zynuotiky ovamopdotoct Tov SpopeTK®Y 1oopoppav tov RAGE kot tov

BooikdV cNUOTOSOTIKOV LOVOTTATIOV PETE 0o TV aAinieniopaon RAGE-cuvdém [27].
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Yvvendc, N mpocdeon tov ouvvoet®wv otov RAGE (AGEs, apgotepivn,
S100/xoiykpoavovAiveg, k.A.m.) odnyel oty avénon g moapaywyng ROS, v
EVEPYOTOINGON TOAA®V ONUOTOJOTIKOV HOVOTATIOV Ot Ttv  MAP-kivacov
(Mitogen-activated protein kinases), t¢ PI3K (Phosphatidylinositide 3-kinase), tov
JAK (Janus kinase)/STAT (signal transducer and activator of transcription) kot tov
NF-xB, odnyovtag omv mpodBnon g QAEYHOVNG Kol TNG OPTNPLOCKANPLVOTG
(Ewova 1.9)[27].

H xhovonoinon tov RAGE «atédeite 611 to AGES evepyomolodv apketd
KaB0d1d oNpaTodoTIKG povomdTio To ooio oyetilovrol e T0 avénuévo 0EEmTIKO
otpec Kaun v o&ela 1 xpovia eAeypovn [28]. Ta povomdrtior avtd Guyva GuyKAivouv
oV evepyomoinon tov petaypagikod mapdyovia NF-xB (Nuclear Factor-«B) kot

oyetilovton pe TV evtomopévn otikn PAaPn [19]

1.1.2 Znqpatodétnon tov AGES

Emniéov o@heypovmoelg pecolafntéc ot omoiot emdyovior HEGH® NG
pecorafoouevng and to. AGES evepyomoinong tov RAGE kot tov kabodikdv
ONUOTOOOTIKOV HOVOTOTIOV €lval 0 mapdyovtag vEkpwong oykov-o (TNF-a, tumour
necrosis factor-a), m wrtepievkivn-6 (IL-6, interleukine-6) ka1 n C avudpooa
npwteivn (CRP, C-reactive protein). Aev mpokaiel ¢ ek T0HTOV evTOHNM®OT OTL O
RAGE éyet epmhokel oty ynpavon oAAd Kot o€ €va peydAo aplud maboroyimv mov
ocoumepappdvooy v abnpopdtoon, v apbpitdo, peTafoAd cUVIpOUA,

VEVPOEKPLMOTIKES VOGOVS Kot TOV Kapkivo [29]

Kabmg 0 vrokivnig tov yovidiov mov kwdwkomotei tov RAGE (AGER) oépet
Béoerg mpdcdeons Y tov NF-kB paiveton mmg vrdpyet pia Betikny N avadpaong
(«positive feedback loop») n omoia éxel w¢ amotédespa TV owENUEVT EKEPOOT] TOL
RAGE ka1 og ek tovtov Vv mapotetapévn evepyomoinon tov NF-kB [30]. To
yeyovog avtd pmopet va e€nyel, TovAdyiotov ev pépet ywri n ékppaocn tov RAGE
etvatl yapnAn oTovg MEPIGGOTEPOVS PLUGLOAOYIKOVG 16TOVG Kot avEAveEl KAT® omd
naforoyikég kKot cuvOnkes otpeg [31]. H petaymyn onuatog and tov RAGE gaivera,
omwg €xel MON avapepbel, 01t oyetiCeton pe 1O pecolafovpevo omd GLVOETN
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oynuaticpd olryopepdv tov RAGE vmodnidvovtag 0Tt SopopeTikéG TPOTEIVES

npocappootéc (m.y. TIRAP) uropodv va otpatoroyndovv [32].

Ye o TPOoQUTEG LEAETEG O ONKe OTL TO oMpatodoTikd povordtio g MAP-
kwvaong ERK1/2 (extracellular signal-regulated kinase-1/2) kot tg kwéong Akt
eumiékovtol oty enoyopevn amd to. AGES avtoeayio oe ayyelokd Aé puikd
KOttapa exipvov [33] ko 6Tt 1 0ppovn ykpehivny (Ghrelin) avéoteile v emayduevn
a6 1o AGES oamdémtmorn oe avOpodmiva evdobniokd kOTTOpo EUTAEKOVTOG TO
pwovomdtia twv ERK1/2 xou PI3K/AKt [34]. EmumAéov, T AGES av&dvouvv tnv
KUTTOPIKY] LETAVACTEVCT KOl TIC PAEYUOVMOELS 0mokpioelg o€ woPAdoteg T0v EE®
yrova péow tov povoratidv tov RAGE, MAPK kot tov NF-kB [35] kot podyovy
™V omOTT®ON 6TOVG WWoPAdoTeg Hécw gvepyomoinong tov ROS, tov MAP-kivacmv
Kot Tov petaypapikov mopayovra FOXO1 (forkhead box O1) [36]. Emmpdcbeta, n
déopevon tov AGES otov RAGE éyel Bpebel ot1 dieyeipel v vrepékppoon Tov
ayyeloakov gvdéodnikon avéntikov mapdyovio VEGF (vascular endothelial growth
factor) oe mepwOTrapa tov ouePAnotpoewdn [37] kor ™ oNUETOdOTNON TOV
ueoayysiako avéntikov mapdyovia TGF-B (Transforming Growth Factor-beta)-
Smad péow pog alnienidpoong pe tov vrodoyia g ayyelotevoivng I tomov 1
[38]. Tehkd, peléteg oe TECOEPES YEVEEG MOVIIKIOV OTO. OMoin &lxe yopmynOet
16o0epu1dkn dlarta pe M yopic AGES £oei&av 6t 1 yopriynon tov AGES npomdnce
Evay  TPO-QAEYLOVMOT PUIVOTUTO IOV GCYETIOTNKE UE QVENUEVN TOYLGOPKIO Ko
TPOWUN ovtiotaon otnv woovAivn [39]. Evdwpépov mapovoidlet, 0t 1 e€myevig
mpoctnkn oe mapaokevdopata ylAvkolvhouévng Pogiov aiPovpiving (AGE-BSA)
Kobdg kot yhvkolohMmpévng  Avcoldung  (AGE-lysozyme) oe  avOpdmvoug
depLaTIKOVS OPAACTES EKTOG OO TAPOUOIEG EMOPAGEIS GTO TPATLTO TG YOVIOLUKNG
EKQPOONG ECNYOYE EMIONG KOl VIOYPAPES YOVIOIOKNG EKPPACTS EOIKES Yo TO KAOE
TOPOACKEVOGLO VTOONADVOVTAG TNV VIApEN OLPOPETIKOV HEGOAAPOVUEVOV  aTd

VIOJ0YEN LOVOTATIOV T 0oL EvepyomoovvTal Yo To kBe mapackedaoua [40].

Atya gtvor yvootd yo o dpeso onUaTod0TIKA YEYOVOTA TTOL AaUPBAvouy Ydpa
petd ™ déopevon tov AGES otov RAGE, aAld gaiveton g avtd mov akoAovdet
NV TPOGOEST) TOV cLVOETY glvan 1 emaywyn Tov ROS 1 omoia avédver T Aeypovy
HEC® TOA®Y oNUatodoTK®V povoratidv [37, 41] (Ewova 1.20). ‘Exet Bpebel ot
1060 1 HITOYOVOPLOKN 0AVGId0 LETOPOPAS NMAEKTPOVIMV OGO Kot TO HOVOTATL TNG
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0Ee13Gong OV  PMOGPOPIKOD  VIKOTVOLIS0-0devivo-Sivovkieotidion  (NADP™,
nicotinamide adenine dinucleotide phosphate) cuppetéyovy otnv oyetilopevn pe to

o&edwtikd otpeg evepyonoinomn tov RAGE [43, 44].

Extog and tov RAGE, ta AGES pmopodv va deopevtodv emiong kot o€
dALovg vrodoyeic Ommg 0 AGER1. O AGER1 g&ovdetepmvel ) onpuatoddtnon amd
mv evepyonoinon tov RAGE mpoxoidviog v €AdTTon 1oV 0&E0mTIKOL GTPES
[45] (Ewdva 1.20). Bpébnke o1t 1 yopriynon AGEs 1 CML oty kuttapikn oglpd
HEK293 avénoe ™ pwoeopvrioon g Akt mepimov tpeig popéc e Evav eEapTdUEVO
and 10 ofeWwmTikd otpeg Tpdémo. H ypnon petarloypdtov p66‘°‘hc £€de1&e OTL Ol
emayopeves and ta AGES emdpdosig amartovv ™ eoo@opvrioon tng oepivinc-36
(Ser-36) tov p665h°. Ot Tpo-0&e1dMTIKEG QVTEG OMOKPIGEIS KATEGTAANGAY G KOTTAPO
mov vrepékppalav tov AGERL kot emavepapviotnkav 6tav n ékepaorn oo AGER1

eMatT®ONKe 0o pkpd topeuPotikd popra RNA [46].

. Ligand
@ (HMGB1,5100) @Y P2
]

soluble

@RAGE

"STAT1 | STAT3 | NF-kB | AP-1 I

Ewova 1.20: Kopio onpatodotikd LovoraTio ToV EXAYOVTOL PHETA amd T 0EGUELON
tov AGES oto RAGE [42].
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Alrot vrodoyeig déopevone twv AGES ektdg amd tovg vmodoyeig kabapong
TOV pokpo@dywmv tomov I kot tomov II mepriapfdvovv tov vmodoyéo THTOL
Aextivng LOX-1 (lectin like oxidized low density lipoprotein receptor-1),
oxetilduevn pe Mmonpwteivn xauning mukvotntog npwteivi-2 (LRP2, low density
lipoprotein-related protein 2), TLRs kot pepikovg aAiovg vrodoyeic kébapong [47].
Ot vmodoyeic «dBaponc twv pakpo@dywv tomov I pmopodv va  KAvouvv
eVooKLTTAPWON OAvTdv AGE-Tpomomomuévev TpOTEIVOV KOl TPOTOTOUUEVMV
MrompoTeivdy youning mokvotntog (LDL) kot epmiékovion otny TpockOAANGN TV
nokpo@dymv ot eEmkvttapla Bepéha ovoia avayvopilotvag AGE-tpotomomuévo
KoALayovo eved o LOX-1 Bpébnke vo odiniemdpd pe oEedmuéveg LDL ko AGE-
tpomomomuéveg mpwteiveg [48]. Amd v aAAn pepid m LRP2 gumdéketon otnv
EMOVOTOPPOPNON TOV QUOIKE OMONUEVOV TPOTEIVOV 0AAA emiong Kol oIV
evookvttapwon AGE-tpononomuévov mpoteivov [49], evd ot TLRS coppetéyovv
OTNV PLOCIKN OVOGIOL Ko 1) EVEPYOTOINGT TOVLS EMTVYXAVETOL OO SPOPETIKA pOpLoL

oL popalovion mapdpola tpiodidotata potifa [50].

Regulation of cytoskeleton _‘

Neurite outgrowth
VCAM-1 T

ICAM-1
E-Selectin
Tissue Factor
RAGE

k-B sites

Ewova 1.21: Ta onuotodotikd LOVOTATIO. TOL EVEPYOTOLOVVTAL OO TNV CAANAETISpAOT

AGE-RAGE.

Onwg yivetor aviiinmtd, m wopodOTNON TOV QAEYLOVOOIDV UNYXOVIGLAOV

(Topoymyn KLTTOPOKIVAV Kol YNUEWKIWVAOV KOl EKOPOCT TPOCKOAANTIKOV LOPimV)
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nov dwpesorafovviat and v aAinieniopacn AGE-RAGE mepilopfaver mowciia
EVOOKLTTAPIL  onuatodotikd povomdrtia, (p2lras, MAP-kivacov, PI3K, cdcd2/rac,
JAK/STAT, mg NAD(P)H o&eddong) to omoion tehkd  ovykAivovv otnv
evepyomoinon tov NF-kB [51](Ewdva 1.21).

O NF-xB tpomomotei ™ petaypa®n yovidimv mov K®IKOTOWHV SLipopovg
TOPAYoVTEG, TOV oyeTilovionr pue ™ QAEYHOVY] Kot TV abnpookAnpwon, Ommg v
evdoOnAivn-1, tov VEGF, tov TGF B, tov wotikd mapdyovta (tissue factor), d1dpopeg
eAeypovmoelg Kutokives, kopimg IL- 1a, IL-6 xor TNF-a. Ymapyetr eniong avénuévn
EKQPOOT TPOSKOAANTIKOV HOpimV, OT®MG ayYElnkoD KLTTOPIKOD TPOGKOAANTIKOV
popiov  (Vascular  Cell  Adhesion  Molecule: VCAM-1), dakvttapiko
npookoAintikov popiov (Intercellular adhesion molecule: ICAM-1, eEomkvttdpiov
TPOTEIVOV, OTOS Aouvivng kot koAhaydvov tomov 1V, emmpodcBeta pe GAleg

EMOPACELS, OTMG AVENUEVT AYYELOKT] SLOTEPOUTOTNTO 1) oyyEloYEveon [52].

1.1.2.1 To onpatodotikd povondtt tov MAP-kivac®v

Ovr MAP-xwaoeg (Mitogen-activated protein kinases, MAPKSs) eivor pua
OIKOYEVEWD, TPOTEIVIKOV KIVOoOV UE gvepyotnto. oepivig Opeovivng (Ser/Thr), ot
omoieg eivar €VPEMG CLVINPNUEVEG UETOED TOV EVKOPLOTIKOV OPYUVICU®V Kol
SwdpapotiCovy  onUOVTIKO pOAO OTNV  EVOOKVTTOPIKY UETAYMYY UNVOUATOV.
Evepyomototvtan and mowkidio epefiopdTov Kot EUTAEKOVTOL G TOAAG KOl CT|LOVTIKA
KUTTOPIKE  TTPOYPAUUOTO OGS  KLTTOPWKOS — TOAALOMAMGLOGUOS,  KUTTOPIKN
dwpoponoinon, Kuttapiky kivnon Kot kuttapwkog  Odvatog. Ovr MAPKS
QwoeopvAdvovTot kot evepyomolovvtol and MAPK-kivdoec (MAPKKS), ot omoieg
HE TN GEPA TOVG POGPOPLAIOVOVTOL Kol gvepyomolovvtol ond MAPK-kwvdocec-
kwvdoeg (MAPKKKSs). Ot MAPKKKSs evepyomooOvtor pe tn Gepd 100G HECH
aAnienidopaong pe v owkoyévela tov pikpov GTPachv kaun pe Ghdeg TpmTeiviKég
KWWAGEG, TOL GLVOLovV T cvuotatikd Tv MAPK pe vmodoyeic g wvttapkng

emeaveng 1 eEmtepkd epebicpata [53, 54]

Ta onuotodotikd povormdtia twv MAPK opyovdvoviol epoapyikd og Tpels

EMUEPOVG 0000C UETAYMYNG ONUATOG, Ol Omoieg aKoAoLOOVV TNV TLMIKY OVTN
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devfétnon, kot Sbétovv eEEOIKELUEVOVS EVOLAUEGOVS UEGOANPNTEC Ol omoiot
dTnpovv avorioimto to apykd ofua. H e€edikevon otny andkpion emTuyAvETOL
pe v evepyomoinon odapopetikdyv MKKK—MKK —MAPK ocvomudtov og
amoKpion dapopetikdv epedicpatov [55]. To onuatodotikd povordtt MAPK/ERK
EVEPYOTOLEITOL OO PEYOAN TOKIAMO VTOSOYEMV TOV EUTAEKOVTOL GTNV ovENCN Kot

dwpopomoinomn kot teptrapfavoovv (Ewova 1.22):

e VIOd0YElS Kivao®dV Tupooivrg (receptor tyrosine kinases, RTKSs),
e vrodoyeig mov cuvoéoviar pe G-rmpwteiveg (GCRPs)
® vteyKpiveg &

e dlavlovg vtV

Growth factors, mitogens, ]
antigen receptors, Stress, Inflammatory cytokines,
GPCR activation Ilpopolysacchar ide FASL, LV, etc,

- T

MTKI, DLK, TAOV2 |

@evosnccannasn

Transcripticn
factors

-1

Cytokine production, apoptosis,
> migration, proliferation, differentiation

Nature Reviews | Drug Discovery
Ewova 1.22: Ta onuatodotikd povondtio twv MAP-kwvacov [59]
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Ta ovykekpléva GLOTOTIKG TOL HOVOTATIOV TOKIAOLV o€ peyddo Pabuod
HETAED TV OPOPETIKMOV EPEOIGUATOV, OAAGL 1 OPYITEKTOVIKY] TOL LOVOTOTION
ocvvnBwg mephapPdvetl po opdda tpmteivav-npocappoyémv (She, GRB2, Crk) mov
OLVOEOLV TOV LIOJOYEN UE EVOV TTAPAYOVTO AVTOAANYNG VOVKAEOTIOIOV Yyovovivig
(guanine nucleotide exchange factor) (SOS, C3G) petafipalovtag to onpo o€ PIKPEG
GTP npoteiveg mpdodeong (Ras, Rapl), ot omoieg pe ) oepd T0VG EvEPYOTOL0VV TOV
KOUPLO ONUATOSOTIKO Katappdytn mov amoteieitar amd pio MAPKKK (Raf), pia
MAPKK (MEK1/2) kot MAPK (ERK). Eva gvepyomompuévo dyuepég g ERK pmopet
va puOuilel 6tdxoVE 610 KLTOGOAD KO £iong petatTomileTal GTOV TUPVA OTTOV KO
POCPOPLAIDOVEL L0 TOTKIALOL LETAYPOAPIKAOV TOPAYOVIMV TOV EAEYYOLV TNV YOVIOIOKN

ékppaon [55, 56].

O1 TpOTEIVIKEG KIVAGEC TTOL gvepyomolovvtal and 10 otpeg (Stress-activated
protein kinases, SAPK) 1 ot apuvotelikég kivaoeg e c-JUN (Jun N-terminal kinases,
INK) etvor pédn g owoyévelng MAPK «at evepyomotovvtar omd moikiiio
TEPPAAAOVTIKOV EPEBIGUATOV, PAEYLOVOIMV KLTTOPOKIVAV, OVENTIKAOV TOPAyOVT®V
kot GPCR ayoviotdv. To onpota otpeg «mapadidovian e avtdv ToV KOTappaKTn
péow pkpov GTPacodv g owoyévelng Rho (Rac, Rho, cdc42). Onmwg ko pe Tig
dAeg MAPKs, n xwvdon mov Ppioketon mAnciéctepa g HeUPpavng eivor o
MAPKKK, tomkéd 1 MEKK1-4 11 éva péhog g KT o€pdg Kivaoomv (mixed
lineage kinases, MLK) 1 omoio pwopopvAiidvel kot evepyomotel tnv MKK4 (SEK) 7
mv MKK?7, kot 11¢ SAPK/INK «wdoeg. Evailoktikd, n MKK4/7 pmopet va
evepyomomBet amd €va péhog g owoyévelag e GCK (germinal center kinase) e
évav aveEdptro and GTPaon tpono. H SAPK/INK petaronilerot 6tov moupnva 6mov

umopei va puOpilet Ty evepydTTa TOAAATAGY pETaYpapIKoOV Tapaydviov [57, 58].

Ot p38 MAPKSs (a, B, v kou 0) eivar puédn mg owoyévelng MAPK, ta omoia
EVEPYOTOOVVTOL OO TOWKIMA TEPIPOALOVIIKOV TOPAYOVI®OV KOl QAEYLOVOIDV
Kuttopokvav. Onmg kot oto dAlo povomdrtia tov MAPK, o MAPKKK sivou
nAnciotepa otn pepPpavn, tomwd pio MEKK v pio MLK. H MAPKKK
pwopopvlwvel kar gvepyomotel tig MKK3/6, tic p38 MAPK «wvdoec. Ot MKK3/6
umopovv emiong vo evepyomomBovv dueca amd v ASK1, n onoia £xet deyepOel amd
arontotikd epediocpara. H p38 MAPK gumiéketat otn pubuion tov HSP27 kow MK2
(MAPKAPK-2), MK3 (MAPKAPK-3) kot 0pKeTOV HETAYPUPIKOV TOPUYOVTIOV TOV
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neptiappavoov tovg ATF-2, Statl, to coumioko Max/Myc, toug MEF-2, Elk-1 «at
éupeoa tov CREB péowm evepyomoinong tov MSK1 [56-58].

1.2 AGES ko1 Avamtapaymyiké Xootnpo.

O wobnkikog 10tdg, petald GAhov, omotedel oTdOY0 evamdbeong Kot

OLGOMPEVONG TOCO TOV EVOOYEVDC 060 Kol TV e&wyevag mapayouevov AGEs [60-
62].

Yvykekpyéva og 6Tt apopd Vv emidpacn eEoyevav AGES otov mobnkikd
1016, anedeiydn n aueon evandBeon twv yAvkotoEvav AGEs kot tov vrodoyéa Toug
RAGE o1ta otpopato g modnkng ey empdov 6tav xopnyndnke tpoen vyning
neplektikoOmTag oe AGEs yia 6 unveg, oe avtiBeon pe opddo empvwv mov Elofe
tpopn youning meplektikdéttag o AGEs [61]. Zmmv {dw peAétn olamotdbnke
VYNAOTEPN CLYKEVTP®OT YALKOLNG, VGOVLAIVIG Kol TECTOOGTEPOVNG GTOV OpO T®V
EMUO®V mov AaPav Tpoen LyMANg meptektikotrog o AGES yeyovog mov
emPePordvel TV emidpacn TOV TOEIKOV OLTOV HOPI®V GTO OVATOPAY®OYIKO Kot

HETOPOAKS TPOoPIA TV TEPAUATOLOMV.

Melétn ¢ opdda HOG TOPOLGINGE Yoo TPMTN POPE TOV EVIOTMICUO TMV
AGEs, tov RAGE xa0d¢ ko tov NF-kB og avBpdmivo pucstoloyikd kot ToAVKLOTIKO
®woOnkiko 1616 [60] kot amotédeoe v amapyn ¢ depevvnong tov porov tov AGES
O0TO OVOTOPOY®YIKO CUOTNUO KOl To ovuvédece pe TNV Tafo@ucloloyio TOv
2Hvopopov [orvkvotikav Qodnkov (XI1Q). Tho cvykekpipéva, mopatnpndnke pio
dwpopetikn mowoTikn kotavoun tov AGE, RAGE «xat tov gvepyomompévov NF-xB
oe yuvaikeg pe XIIQ oe oxéon pe vyelg pdptopeg, evod evromopos tov AGE ko
RAGE vmp&e 1oyvpdtepog ot otifdda tov KokklokvTtdpwv tov ZI1Q wodnkodv
[60]. 'Hon BéPara kot wodt amd v opddo pag, eiyav eviomiotel avénuévo eminedo
AGEs 610V 0p0 000OVOTOV, VOPUOYAVKOKAOV YOVOIKOV Le X0vdpopo [ToAvkvotikdv

Qobnkov (ZI1Q) [63].

To XIIQ amotelel o  amd TIG GLYVOTEPES €VOOKPIVOTdEleg Tov BNAeog
OVOTOPOY®YIKOD GUGTHOTOG TO 0Toi0 Paivetal vo ennpedlel T0 6-7% TV yovaIK®OV

avamopoymywkng nikiog xabog eivor 1 kOpo oution  oveooBLAAKIOPPNKTIKNG
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otelpodTog [64, 65]. Xapoktmpiletor and TOAKLOTIKEG ®OONKEG Ue TEMAYNUEVO,
wodn yrtovae (tunica albuginea), vmwoAowwdn {dvn mov amoteieiton omd TOAAG
KLOTIKG BvAAKia Tov PBpiokovtal o dLAPopa GTASIN AVATTVENG KOl TNG ATPNGIOG Kot
mieovalovoa mapaywyn avopoydvev [66]. Tlapd ™ ocvveyn €pevva, ot akpiPeic
unyavicpoi mov gvepyoldv Tomkd kot mpodyovv v avoobviakioppnéio oto XI1Q

TOPAUEVOVY BYyVAOGTOL.

Amd Vv AN peptd ta vynid emineda AGEs givar yvootd 6tL €xovv
dvvatotTo Vo oynUaTilovV OHOOTOMKEG OLCVVOECEIS WE OOMIKEC TPMTEIVEG
peydaov ypdvov {mng, 0mwg 10 KoALaydvo kol 1 elaotivn [67] kot 0dnyodv otV
TPOTTOTOINGCT TNG TPOTEIVIKNG AEITOVPYING TOVG, EANTTOVOVTOG TV EVELUOTIKY TOVG
evepyotro, petafdilovtag TiG PlOQUOIKEC TOLG 1010TNTEG Kot OAAALOVTOC TIC
TPOTEIVIKEG AANAETIOPAcELS TOVG e dAho Evivua [68, 69]. Xapoktnpiotikd, 1 in
vitro éxbeom peoayyslakdv kuttdpov oe AGEs mpokolei, péow g evepyomoinomng
G TOMOV-VTodoYEn Kivdong-1 ¢ axktiivng (activin receptor-like kinase 1) v
avénon oto mRNA kot v npwteivn Tov KoAAaydvov tomov IV dAea 1, evdg and ta

KOpLo cLoTOTIKA TG ewKkvTTdptlag Oepélag ovoiag [70].

Ot iveg KoALayOvov ota woBuddkio peTafailovior Katd TN OdpKeld NG
woppnéiog eortiog ™G TPOWOPPNKTIKNG oOENCNG NG ALTIKNG EVEPYOTNTAS TOV
KoAhayovov. Ta ovotatikd tov KOAAAYOVOL TOL ®OONKIKOD GTPOUATOC GTNV
eEMKLTTAPIO OVGIN KOl GTOV VMO YLITOVA vl dSlAUesa TV KoAlayovmy tomov I, I1I
kot IV [71], Ta omola mapéyovv dopikn otabepotnTa 0T1g modnkeg kol vrootnpilovv
™ Bepéla ovoia, oty omoia AapPavel ydpa 1 wobviaxiky| mpipavon, n woppnéio
KOl O GYNUOTIGHOS TOL ypoV couatiov [72, 73]. H gucoloyikn Soapdp@mon tov
KoALayovov oty e€mkvttdpla Oepéda ovoia anortetl to Eviopo g oéetddaons s
Jveivyg (lysyl oxidase, LOX). H LOX eivatl o e€optdpevn amd yoAkd opvikni
o&eddon, N onoio KaTaAVEL TNV 0EEWMTIKN OTOUIVOOT TNG TENTIOVAOAVGIVIG KoL TNG
vdpo&vivcivng oty glaoctiviy kol 6Tl oAvcideg KoAAaydvov. Ot TPOKLITOVGES
aAdehoeg odnyobviar oe aBOPUNTN CLUTOKVEOGT, SYNUOTILOVTOG O10GTAVPOVLEVES
dloLVOEcES HeTalld Kol €0MTEPIKE TV aALGIdwV NG efwkutTaplag Oepéliog
ovGiog. AVTN M HETO-UETOYPOUPIKY) TPOTOTOINGT TOV GLOTUTIKOV TG eEMKVTTAPLOG
Bepéhag ovoiag emnpedlel oNUAVTIKA TIG SOUIKES WO1OTNTES TOV KOAANYOVOL KOl TNG
eAaoTivng Kot GUUPAAAEL 0T O1EYEPOT OPIGUEVMOV GTUATOSOTIKOV LOVOTATIDV OV
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Topapévouy akopa adtevkpiviota [74]. Adym tng dpdong g avthg, N peimon ot
euoloroykn ékepoon ™G LOX éxer meprypagel o€ MOAAEG TOAVYOVIOIOKEG KOt
LOVOYOVIOLOKES Olotapayés Ommg m abnposkAnpwon, to obvdpouo Ehlers-Danlos
tomov IX kot n vocog Menkes [ 74, 75]. Avtifeta, ko n emoyoynq tg LOX euniéketon
otV avOpoTIvn TaBoPLCI0A0Yio Kot aPKETES LEAETEG EYOVV TPOGPATO TPOTEIVEL TV
coPN CLOYETION HETOED OPYAVIKNG tveong Kot evioyvpévng evepyotnrag g LOX, n
omoio. €xel mePLypopel o€ apKETEC YPOVIEG MIATIKEG VOOOLS, OTNV 1010madN Kot
TEPOUOTIK TVELHOVIKT VOGN, GTNV TEPOUOTIKN NTOTIKY vOon KOl 0T VEQPIKN
tvoon otovg apovpaiovs, kabmg kol og dAleg TaBoroyieg mov TpokaAovy tvwon [76-
83].

Kotd ™ dwdwacio g woppnéiag, n ovvleon tov koAAaydvov puBuileton
and v vopo&uAdon ¢ mpoAivng kot ™ LOX. Xe mepopotikovg opyaviGrovs m
evepyotta g LOX ota woBvldkia emdyeton petd amd v mobviakikn dappnén,
TPOKOADVTAC TNV oavadounon tov wov kolloaydvov [84]. Meléteg in vivo
amodewkvoovy 01t 1 LOX ekppdletar otov 0odnkikd 16t0 apovpaiov kot fodg Kot
OLYKEKPIUEVO 0T oTIPAdN TOV KOKKIWOMV Kuttdpwv [85, 86]. Ta otoyyeia avtd
vroonAmvovv tn pvouion g LOX otov monkikd 1610 6 eVOOKPIVES, TAPUAKPIVEG
KOl OLTOKPWVEG EMMEOO OV 0OMNYOUV OTN GLVTOVICUEVT], PUOoT ™S ®OoONKIKNG
eEmxvuttaplog Oepélag ovoiog kotd ™ didpkea ™ wobvAakikng avamtuéng [87].
Emnpocbeta, po perétn mov depevva v ékepaon g LOX oto emayduevo amod
dwdpoemavopootepdvn (DHEA) ZI1IQ o apovpaiovg, £deiée 61 1 xprion g DHEA
avénoe v éxppoaomn tov LOX mRNA mep1ocdtepo amd Tpelg popes o€ GYEoT LE TA
emineda TOV poptopwv, mpoteivoviag OtL ta avénuéva emineda Ekepaocng LOX

umopei va givar pio amd T1¢ autieg g kKvotoyéveong oto XI1Q [88].

H g&aocpdhon g guolodoyikn Asrtovpyiog 1060 TG wofnNKne Kot 660 Kot
TV 0obvAakiov mpobmoBétet T QLGIOAOYIKY) OOUN KOl EANCTIKOTNTO TOV
TEPPAAALOVTOS GUVIETIKOD 1GTOV OV OMOTEAEL TO TAPEYYLUA, EVAD 1) PUGIOAOYIKN
dpaoctnpotra g LOX 6nwg npokdntel pmopei va mailel onuovtikd poro. Yo 1o
npicpo Tov Thavov porov g LOX oto ZIIQ, perétn amd v opdda pog, £d€iEe Ot
10 évlupo avtd vmepekepdleton o wobnkwkd 1010 amd XIIQ oe oyéon pe tov
QLOIOAOYIKO KOt OTL 1) HETOYPOUPIKT dpAcTNPLOTNTA TOV VIOKIVNTH TOL Yovidiov LOX
puOuiletanr and onpotodotikd dwapesorapntikd popa mov emdyovran and to. AGEs
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[62]. H ocvoompevon oniadn tov AGES eivol waviy va dieyeipel v mapaymyn
e€OKVTTAPIOG OVGIOG KOL TO CYNUATIOUO OVOUOA®Y OlOUGTOVPOVUEVOV dECUDV
KOAALOYOVOL, J10TOPACGOVTOS £TGL TIC (QUOIOAOYIKY] 10TIK OVOOLOPYAVMGY 7OV
amorteiton yio v opigoven Tov mobvlokiov, Tlavov eTOPOVTAG OTN LETOYPUPIKN

dradikacio 0EEOMTIKGOV Tapayovimy [62].

Ext6¢ amd tov mepifddihovta GuVIETIKO 16TO, 1| PLUGIOAOYIKY ayYeimon NG
®ofnKn¢ etvan emiong KaBopioTikng onuaciog yio ™ eusoloyiky| g Asttovpyio. H
KataotpoPikny opdon twv AGEs ota ayysio eivor evpémg amodekty Adym g
d€yepong eAeypovadmv moapaydviov. Ewwwotepa, &xet mapotnpndel woyvpn Oetikn
ovoyétion tov AGEs pe ta eminedo evdoOnlivyc-1 (endothelin-1, ET-1), evog
TeNTIOi0V deikTn EVO0OMALOKNC duoAettovpyiag, 1060 o€ yuvaikes pe ZI1Q 660 kot oe
euoroykég yovaikeg [89]. EEdAAov, mépa amd v avénuévn TEPIEKTIKOTNTO CE
AGEs otov op6 yovaukov pe XI1Q, vmapyet ko etk cvoyétion pe avénuévo

Kapdiayyelokd kivovvo [90].

Ta péxpt Topa dedopéva deiyvouy TG T0 0EEBMTIKO QOPTIO TOV EMAYEL M
TOPATETOUEVT] CVCCMPEVOT Kol evamdfeon Tov evooyevav kot tov eEwyevov AGES,
KaBmG Ko N EMOPACT TOLG GTOVE UNYOVIGLOVG CNUOTOIOTNONG KOl EVEPYOTOINONG
TOPAYOVTOV QAEYUOVNG, €lte AOY®m TOv YNpatog, &ite AOy® GAAwvV moboroyiK®V
KOTOOTACEMV UITOPEL Vo SOTAPACGEL TOVG OLOEGYLOVE EVEPYELONKOVS UNYAVICUOVS

KOl K0T’ EMEKTOOT TNV OVOTOPOY®YIKN AEITOLPYio. Kol IKOVOTNTO TOV GUGTNOTOS

[91].
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1.3 AGEs ko1 Evéo01io

H oAnienidpaon AGE/RAGE, péocwm déouevong tov AGES vrodoyéa tovg
RAGE tpomomotel dpapatikd tig Poloyikés 1010tTeg TV VO0OMAIOKOV KLTTAPMV.
‘Exer oeyfel 011 100 ¢pvBpoKkiTTOpe 060evav pe dafrtn emdyovv oEEWOTIKO GTPEG
ot €vO0OMAMoKE KVTTOP, KATL TO Omoi0 mapeumodiotnke OTov To EVOOOMALOKA
KOTTOpO ElYOV TPO-ETMACTEL LE TO avTioEedmTikod probucol i pe avticopa Evavtt tov
RAGE, xafang emiong kot 6tav to dtafntikd epufpokdtTopa elyov TPO-ENMACTEL e
avticoua évoavtt tov AGEs (anti-AGE 1gG) [92, 93]. H oAAnlenidpaocn AGE/RAGE
&xetl oy Bel OTL awEdvel TV ameAevOEP®ON TOL 1GTIKOV TOPAYOVTa, TNV EKKPLOT TNG
WTEPAEVKIVNG-6, TNV EKEPOCT TOV OYYEWKOD HOPIOL KLTTOPIKNG TPOCKOAANGNG
VCAM-1 (vascular cell adhesion molecule-1) ka1 611 tpomomotei v damepatdHTNTO
oV gvéobnAtakod epayuot [92, 93]. H ékppacn tov VCAM-1 axorovOeitat amd pio
avénon otV TPOGKOAANCT TOV HOVOKLTIAP®V CGLUPBAAAOVTIOG HE OVTO TOV TPOTO
otV dwdwKacio aptnplockAnpnvons. M doco-eEaptodpevn  adénon G
evooOnAloxng dwmepatdTog mopatnpndnke Otov  Tor  EVO0OMAlOKA  KVTTOPO
ocuvenmdoTnkay Le dopnTiKd epuhporiTTopa, KATL TO 000 dEV TapaTPNONKE OTOV

CLVETMACTNKAY LE PLOIOAOYIKA EpLOpoKVTTAPX [92].

Emiong, éxet Ppebet 611 M woavomra towv AGEs va  oynmupoatiCovv
OlOCTAVPOVIEVEG CLUVOECELS EXEL EMIOPAOT OTIG WO1OTNTEG TOV PUCIKOV HEUPpavdV
oV ayyelokol Totyopotog [6]. H dmapén tov AGEs otov e£mkuttdplo y®po pumopel
va TapEuPel otnv evoodnAlaxn Acttovpyia pe motkidovg tpdémovs. Ta tpomomomuéva
and 10 AGEs xoMoydévo tomov I ko wkoAlaydovo tomov IV avoaotéliovv to
QLOOAOYIKO oynMuaTIcd ™G eEOKLTTAPLOG OenéAlag OVGIlOG Kol LELOVOLV TNV
elaotikdtTa TV aptpiov. H tpororompuévn amd ta AGEs Ogpéhia ovoia deyeipet
TV OAMAETIOPOOT LLE TAL LOVOTUPNVA KO LE TOWKIAa poakpopdpia, 0nwg v LDL
kot étol, to AGEs pmopovv va dpdoovv wg ofewmtikd popwa. Ta AGEs mov
oynratifovv S106TAVPOVUEVEG GUVIECELS UETARAAAOVY TIG PLUGIKOYNUIKES 1O1OTNTES
TOV TPOTEVOV (101itepa avtdv pe peydlo xpovo nuicewog {ong) Kt €161, Uropovv
Vo TPOTOTOVV Kol TN Agrwovpyio. Tovg, Om®G Y. TOPAOEYLo TOV AOEAVTOV
TPOTEVAOV NG OMEWPOUATIKNG Pooctkng peuPpdvng kot dAhov  eéoxvttdplov

npoteivav g Bepéhag ovsioag [6]. 'Etol, oe avtiBeon pe v toyeion dvodo ko
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TTOON TOV eMmEd®V YAvkoing, ta AGEs and t otiyun mov oynpotifovion pmopel va

AGKNGOVV LOKPOTPOOEGILES EMOPACELS 6TO ayyelokd Tolymua (Ewova 1.23).

SMC : D S~ — O == Y
LEC? b . o« = e N e e T e 3
Endothelial layer

@ ’(\/\/\. Platelets
) Platelet s :
Intravascular ROS Platelet
P-selectln compartment aggregation
RAGE ligands and

platelet aggregation
Surface RAGE

RAGE |

ICAM-1
E-selectin
VCAM-1

Endothelial Iayer =
(EG’ DE < e >
SMC

Ewoéva 1.23: Zymuatikn avaropdotoon Tov emdpAcEDY TG DIEPYAVKALIOG GTNV ayYEWKN
eAeypovny kot afnpopdtoon. H vmepylokopio emdyet v ayyswokn PAEPn péow
TOAOTAOK®V  OAANAOEMIKOAVTTOUEVOV HOVOTTOTIOV: 0 oynuationds tov AGEs kot 1
napayoy] ROS Pilokovtar oto emikevipo. Ta AGEs pmopodv vo oynpoticovv
dwoTowpovpeveg cuvdéoelg pe v aiPoopivn, v LDL kot v 1gG otov vrevdodnitoxo
YOPO TOV ayyelmv, Ie amoTéAESLa TV Thyvvon g Pacikng pepfpdvne, v o&eldwon g
LDL kot tnv €vepyomoinon TOL GUUTANPOUATOS KOl TNG PAEYLOVAOOVLS OadIKAGING

avticTolya.

EmnpdcOeta pe 10 oynuUatiopd S0GTOVPOVUEVEOV GLUVOECEMV KOl TN UM
avaGTPEYUN TPOTOTOINGoN TS dOUNG TOL ayyewKov Totydpatog, to AGEs mov og
oynratifovv doTOVPOVUEVES GUVOEGEIS UTOPOVV EMICNG VO GUCCOPEVTOVY GTOVG
10T00¢ TV owPntkav. o mapddetypa, m kapPfoupebvr-ivcivn (CML) de
oynratifel doTOVPOVIEVEG GUVOECELS, OAAGL otolyeior Ogiyvouv OTL emdpd ©TO

ayYEWKO TOlYOUO LE TN GUVOEST NG UE EEXYMPLOTOVS LIOOOYEIS NG KLTTOPIKNG
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emoeavewg. 'Etol,  extdég amd tov unyavicpnd opdong HEC®  JGTOVPOVUEV®V
ovvdéoemv, ta AGEs umopotv eniong va cuvdéovtar pe vmodoyeic mov petafipalovv
10 onuo Kot oAAGCovv Tig 1010TNTES ToL KLTTAPOoL. Tar AGEs, eite oynuatilovrog
JIOTOVPOVILEVES GUVOEGELS €ITE GLUVOEOUEVO LE TOVE LTTOJOYEIG TOVG, BewpolvTat
onuoviikol pecolafntég oty maboyéveln ToV SOPNTIKOV OYYEINKDV ETITAOK®V,

OULULUETEXOVTOG TOGO GTI HIKPOayYEOTAOElo. 0G0 Kot 6T pakpoayyslonddeia [6, 94].

Ta AGEs pmopel va cvoyetiCovrar pe v adnpocskiAnpovon pe S1QOPOVS
UNYOVIGRLOVS, Ommg TNV avEnuévn evoonioxkn dSvoiertovpyia, v ovénuévn
ayyelokn LDL, v avénuévn anoctabepomoinon g mAdKog, T LETAVAGTELOT Kot
TOV TOAMOTAQGLOGUO TOV AEl®V HUIKOV KLTTAP®OV Kol TNV EAATTOUEVT KOVOTNTO
emd1OpOmwong petd and tpovpatiopd [6, 95]. Enione, ta AGES eivat ynuetotaxtikd
Yo o, avBpdOTIVE. LOVOKDTTOPO TOV aipatog oo in Vitro 6co kot in vivo [96, 97]
EMAYOVTOG £TCL TNV HETOVAGTEVGT TOV LOVOKLTTAP®V KOTE UNKOG HoG EVO0ONAMaKNG
KUTTOPIKNG pHovooTifadag [97]. e avOpodmva evoodniokd KOTTOPO OUPOAKNG
eAéPag, avaotoleic Tov NF-kB peiocav oe peydho Babud tv emayoduevn amd v
VYNAN oLYKEVTP®OT YALKOING TPOGKOAANGT] TOV LOVOKLTTAP®V, TPOTEIVOVTAS OTL 1M
evepyonoinon tov NF-xB eivar Bacun yio v emayopevn amd ta AGES tpookdinon

KOl LETAVAGTELGT] TOV LOVOKLTTAPMV.

Ot enaydpevol and to AGEs aBnpookinpovtikoi unyaviopoi tepiiappdvoov:
Vv kotactoAn Tov NO [98], v avtiotaor tov YAvkoLvAlwpévoy koAhaydvov otnyv
OYYELOKT OVOKOTAOKELT Kol TN otatapayr] ¢ kdbapong g LDL. H odvdeon g
LDL anoAmonpwteivng B pe ta AGEs dwatopdocet Ty emoydpevn and tov vrodoyeo
G MUATIKY] OmOUdKpLVGT Kot KABopon Kot Tnv maywedel 6to VIeEVOodnALo.
Avtiotpooa, n yivkoluAiwon g amolmonpmteivng B mpodyel v mapopovy g
010 00pPTIKO TOolYwUO Kot TNV ovénuévn ovayvopior] g omd To LOKPOPAyd.
Enopévmg, vrapyer avEnuévn evamdbeon AGEs-LDL ota ayysio kot avénuévn
TOPAYOYN  0EPOODYV KLTTAP®V UECO NG OVAYVAOPIONG 1TNG TPOTOTOUMUEVNG
(o&ewdwpévneg) LDL omd ta pakpo@dya kot thg mpocAnyng g [6]. Me avtd tov
Tpomo, 1M yAvkoQuAopévny LDL  evioyder 10 oynuoticpnd tov  afnpodpotog
nePLEGOTEPO 0o TN «youviy LDL [99]. Ot in vitro peléteg éxovv deifel ooy Ot
10 AGEs oynupotilovtor gvdopoplokd kot dtapoplokd pe mpoteiveg g Oepéhag
oVGIOG TOV  OYYEWKOL TOWYMUOTOS, OvEAVOVTOS TNV  ayyelokn dvokopyia,
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TayOEVOVTOG AMTOTPOTEIVEG LEGO GTO apTNPKd Tolyouo Kot eumodifoviag tnv
kdOapon Toug. H yAvkolvhwpévn LDL éyxetl pavel 6t dieyeipet Ty mapoywyn PAI-1
KOl UEWDVEL TNV Tapoywyn tissue plasminogen activator (tPA) oe woAlépyeleg
avOpodrvov ayyslakdv evoodnilakdy kuttapov [100]. H yAvkoloAiwuévn HDL éyxet
emiong ouvvoebel pe PEUEVN KOVOTNTO OVOGTOANG NG TPOCKOAANGONG TV
LOVOKLTTAP®OV oTa aopTikd evdodniaxkd xvttapa [101]. H arinlemidpoon tov
AGEs pe tovg vmodoyeis Toug ota evoodniokd kouttapa £xel 0eigel OTL Tpodyel TV
avénuévn ayyswkn dwmepatdnTa, T OpouPoTiKn dpacTnPldTNTA, TN LETAVAGTELGN
TOV HLOKPOQAywV kol TV T AEU@oKLTTAp®Y 0TV £€6M GTOPRAdN KOl TV OVAGTOAN
™G €EAPTOUEVNC amd TO €VOOONA0 YAAOOMG, UE OMOTEAEGUO. TNV EVIoYLOM TNG

abnpoyéveonc [98].

In vivo, avEnuévn evandBeon AGEs £yl Bpebel oe afnpopatikég TAdkeg kot
MIMOELS YPOUUMOELS Ko 10laitepa pEco oto Aelor puikd KOTTOPO, TO LOKPOPAY Kot
a oyxetilopeva aepddn kvttapa acbevov [102, 103]. EmmAéov, éxovv onueimdel
avénuéva emineda TOVG 6TO TAAGKO Kot avENUEVN evamdbeon o€ ayyEKovs 16TovG
oe OwPntikovg acBeveic. Ta emimeda avtd ocvoyetilovior pe ™ dwTopoyn TNG
OYYELOYAAOONG KOl TN UEWOUEVT] EAACTIKOTNTA TOV ayYelov mov amokabioTovtol e

™ yopnynon avti-AGEs [104, 105].

EvooOniivy-1

H &vé00nrivn-1 (endothelin-1, ET-1) givat pio mentidky oppovn pe mokileg
Broroywcéc dpaocels. Tavtomomnke mpotapykd to 1988 wg évag mapdyoviag tov
gvoodniiov o omoiog MPOKAAOVGE TOPATETAUEVT] OYYELOGVLGTOAN Kot avénom g
aptnpoxng mieong (Yanagisawa et al., 1988) . Ot ayygiodpactikég 016t teg g ET-
1 épovv kdvel 10 mENTOWO OWTO YVOGTO Yo TO POAO TOL 6TV VrEptTact. [Tapora
avTd, HEAETEC Yoo TEPIGGOTEPO amd o ewoocaeTion £xovv amokaAivyel o0t n ET-1

nailel éva To oNUAVTIKO pOAo 6TV Pucloioyia v Oniactikodv [107] (Ewdva 1.24).

Eivon miéov capég 60tt 1 ET-1 givon (otikig onuaciog yio T veuporoyikn
Aerrovpyio, TNV TVEVUOVIKY QUGIOAOYIO, TN LETAPOPE LYPAOV KOl NAEKTPOAVTOV, TIG

aVToGvooeg doTopoyés, kot tn Proroyio tov kapkivov [107]. H ET-1 amotteiton
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EMIONG Y10 TOVG AVATTLEN TOV GTAOV TOV TPOEPXOVTAL amd TV EUPPLIKN VELPIKN
axporooia. H Borloywn onuacio g ET-1 katadeikvietor akdun neptocdteEPo amd
mv KAwvikn onuocic ™c. I[To ovykekpéva, m Oepoamevtiky mopépPaocn pe
avtoywviotég Tov vrmodoyéa e ET-1 éyer Pertivoet aoonueiota v KAWIKNI
dweipion TV acBevdv mov TAcKoLVV and coPapt) TVEVUOVIKY APTNPLOKNG VIEPTACT)
[108]. Ot avtayoviotég Tov vrodoyéa g ET-1 €yovv eniong ypnowomombei yio tnv
emruy TPOANYN ™G €EEMENC ™S YpOVINS vePPkNG vocov [109], évav yvworo,

aveEApTNTO TAPAYOVTO KIVOHVOL KAPOYYELOKNG VOGOU.
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~ Mesenchymal transition 3T
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Ewova 1.24: Awypoppotiky covoyn g euotoroyiog g ET-1 [106].

H ET-1 givon 10 gvtovotepa kot upémg ek@palopevo PEAOG TG TPOTEIVIKNG
owoyévewg tov evoobnivov (ET-1, ET-2 ko ET-3) [110]. Ot mowiAeg Proroykég
dpdoeig g ET-1 dapecorafovvtal omd 600 dapopeTikods VITOTHTOVS VITOSOYEMV

™m¢ ET-1 toug ETa kot ETg [111]. Qot600, Ta S1090piKd TPOTLTO, EKQPACNC TMV
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VTOS0YEMY KOl Ol GNUATOOOTIKOL KOATOPPAKTEG UOVO HEPIKDG HETPOLV YO TNV
noAOTAoKN uooroyia g ET-1. TIpdypartt, ot unyavicpoi ot oroiot puuiCovv v
éxppaomn ™g ET-1 eivon eniong onuavtikoi yuo T S1atpnomn g PLUGIOAOYIKNG TNG
dpaong. H obvbeon tov Proroyikd evepyod mentidiov 21 apvo&émv (amino acids, aa)

¢ ET-1 givon o moAvotadiokn dwadikacio (Ewova 1.25).

H petaypagn tov avOpomvov yovidwov ednl amodider évo mRNA 2,8
kilobases (kb) mov kwdikomolei éva memtidio 212 aa v preproET-1 [106]. To
nentioo oonynmg 17 aa otoyével v preproET-1 610 evdomiacuatikd 6ikTvo OTOV
gloépyeTon otV ekkpitikn 0066 [112]. Ilpwv amd v eE@KLTOON, TPOTEAGES TOL
potdlovv pe @ovpivn dSwomovv v preproET-1 oe o mpowteivn 38 aa mov
ovopdleton peydAn ET-1. To tedikd Prjpa odomaong dopecorafeiton omd Evivpa
HETOTPOTNG TNG evooOnAivng ta omoia dtouomovv ) peydin ET-1 oty evepyn ET-1.
Eitvor mBoavo va vrdpyovv pvluctikol unyavicpol yio kabepio amd ovtéc TIc peto-
LETOPPUCTIKNG TPOTOTOMGEMY. 26TOGO, 1| LETOYPAPIKT pOOUIOT TIoTEVETAL OTL Eva

0 KOp1og unyoviopoc eréyyov g Prodabecuotnta g ET-1 [107].

1 [
Gene 5! == - x — 3
mRNA R ———
Preproendothelin N C
Lys-Arg  Lys-Arg
Big ET-1 L

Trp-Val

ET-1

Ewova 1.25: Zovoyn g obvBeong e ET-1. Iapovcioon kot doun TV €00VIOV Kol TV
eEwviov kot Tov povomatiov eneepyaciag tov RNA tov yovidiov ednl. H petdppoon
apdyel TNV Tpo-mpogvoodnAivn (preproET-1). H doun g ET-1 mepiéyet dvo 51600AP1d1KEG
vépupeg kKo AN@ONKe amd v TpoTeivikny Paon dedopéveov RCSB Protein Data Bank (PDB
1T7H) [107].
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Mo mapddetypa, n ET-1 eviomiletor 1060 o€ 1010GLOTATIKGO EKKPITIKL
kvotidw [113] 6c0 kot oe e€edikevpéva PLOUICTIKE KOKKIOL YVOOTH MG COUATIO
Weibel-Palade tov evdoOniaxedv kottapov [114]. H vro&ia, n Opoupivn ko n
dwTunTiky thon elvar yvootd OTL deyeipovy v ékkpon g ET-1 péow
eEokvtoong and to copatie Weibel-Palade [115], aAld eivor emiong yvwotd
pvOuilovv Vv otabepn katdotoon Tov emmédov MRNA tov yovidiov. Xe pia
perétn, mapatnpnOnke 6t  pecorafovpevn and v vroéio cvoowpevon g ET-1
oe ocopatia. Weibel-Palade cuvodevtnke and o tovtdypovn adénon tov emmédwv
mRNA tov yovidiov ednl, mpoteivovtag Ot 1 petaypaen ftav 1o opyikod Pruc otny
emayoyn g ET-1 [116]. Qot600, ta mo evdlagépovta oTotyeio. Tpoépyovtal and
dlapopec aveEdptnteg PeEAETEG Ol OTOIEC OoYOAOVVTOL GUYKEKPIUEVA, LE TO EMIMESN
oéyepong g ET-1 evd m emkpotovoo dmoyn givor OTL 1 petaypagn givor n to

TpOTOPYIKO eminedo puOuiong g ékepaong tg ET-1 [107].

H wavotnto tov yovidiov ednl va aviamokpivetal oTig S10(popec 0pUOVES Kot
epebioparta eivor amopaitntn ywoo T O0THPNCN COOTOV YMPOYPOVIK®V TPOTOTWOV
éxppaong g ET-1 otov opyaviopd. Telkd, ovtd to. GNUOTOSOTIKG HOVOTATIOL
OVLYKAIVOUV Gg ouYKekpEVa ototyeia oty pubuiotiky meployn tov ednl to omoia,
eLEyYOLV TNV Yovidlokn dpaoctnpiotnta. Metaforéc ota mpotuma Ekepacnc tov ednl
&yovv dwmotwbel oty moboyéveon kot v €EEMEN  SwedpwV  avBpdTVEV
acBevelwv, ovumeptiapPavopévor  tov  acbuatog, ™G aBnpookAnpwong,
pvokapdlonadelog, e mpoteivovpio, TG OwpnTiKn aneipAnotposdonddeias, Tov
Kopkivo, tng Aevkng (Vitiligo), kot g okAnpvveng. Ot yevetikol ToAHOPPIGHOT 6TV
TEPLOYN TOL VITOKIVNTH ToL ednl £yovv cuvdebel pe avénuévn cuyvoTTO EUPAVIOTG
™G VIEPTPOPIag NG aplotePNs Kowkiag kat tov dacBuatog [106]. Emmpocherta, o
Kown glooymyn adevivig oty 5 -auetdopactn mepoyn (5 -untranslated region, 5°-
UTR) tov ednl odnynoe og avénuéva enineda mRNA kot cuvoéetat pe tnv 1d1omadn
vréptaon [117] xor v opBootatikn dvoavesio [118]. Ot ewdwcol pappakoroyucol
TOPAYOVTEG Eival emiong yvwoto 0Tt ennpedlovv dueco v ékppacn tov ednl. T'o
TOPAdEypa, HEPIKOl aymvioTtég Tov vodoyeéa PPARY (proliferator-activated receptor
Y) CLVTAYOYPOPOVVTOL KOWMG Yo, TOLG dafnTikovg acheveic kot glvarl yvwotd OTL
pumAokdpovv tov Pacikd peTaypaeikd Topdyovia TG evepyomomuévng npmteivng-1

(activator protein-1, AP-1) am6 t obvdeon tov pe tov vokwvnty tov ednl [119]. H
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emakoOAovOn peioon ¢ ékepoong tov ednl €xsr cvvdebel pe to oidnua, o
TOPEVEPYELN TEPLOPIOTIKT NG d00NG og acbeveic mov Aappdvovv PPAR aywviotég
[120]. "Etou, yivetor pavepd 6Tt 0 €leyyog TG ékppaong tov ednl givar amopaitnTog

v d1dpopeg TTLYES TS avOpdOTIVIG PLGIOA0YinG, Tadoloyiag, Kot QapraKoAoYiog.

To yovidio ednl ota Ondactikd mepiéyel 5 eEdvia kot exteivetal o€ 6,8 kb Tov
yvevouwod DNA [107] (Ewova 1.25). H Bacwkn 0éon évapéng petaypaeng tov ednl
&xel yoptroypapnBel oaveEdptnTo omd OOKWOGIES TPOOTUGING VOLKAEAONS Kot
enéktoong tov 5'-dkpov [121]. H petaypaen tov ednl Ba pmopovoe va Eekvd amd
wo evoAAakTIKY 0éom mov Ppicketal 65bp avodikd g Packng 0éong Evapéng [121].
Avt M evoAlokTIKn petaypaen opyilel avodkd amd v puOuioTikny aAiniovyio
TATA (TATA box) kot amd opketd GAAa CiS-ovTIOPOVIO OTO(EID. €VTOC TOV
vrokwvnTh tov ednl, yeyovdg dpmg mov dev emnpedlel Ty KK oAAnAovyio TG
preproET-1. Aoxipaocieg enéktaong ekkivnt®v mov devepynnkav oe PiAtodnkeg
RNA and 161t00g mapeiyav amodeilelg 0Tt  petaypoaen omd v eVOAOKTIKY Béon
évapéng ocuvéPn Katd Evav 16Td-e101K0 TPOTO KOl UTOPEL VAL VoL GNUOVTIKY] EKQPOCT
tov ednl oty kapdid ko tov eyképaro [121]. Extog and 1o petdypago gpuoikoy
TOmov  €yovv  avagepbel TPEC EMITAEOV  1GOHOPPES, TPOTOVIO  EVOALAKTIKOV
natiopatog Tov ednl. Kabe petdypapo drotnpel tnv kodikn aAlniovyia yio 1o ®po
nentiowo g ET-1, aAAd kodkomotel yia Tig mpoPAemopueveg 1copop@ég g preproET-
1, uqrkovg 211, 178, kon 78aa. H pvBuiotikn onpoacio twv Tpoidovimv EVOAAAKTIKOD
natiopotog tov mRNA tov ednl tov mapapéver dyvootn. e avtiBeon, o gyydg
vrokwvnmg tov ednl givor cuvinpnuévog oe peydro Pabud petaé&d tov nlactikdv
Ko €xel pehetnBel oe extevag (Ewova 1.26). O vrokwvntig tov ednl mepiéyel téco
KOWG@ CiS-avTidp®dVTo 6TolXEi 0G0 KOl GNUAVTIKG KUTTOPO-E0IKG KO ETOYMYLLOL

ototyeio [107].

H avéivon pe amaroipn tov avOpdmivov vrokwvnt tov ednl cuvdedepévon
pe éva yovidlo avagopds amokgAvye OTL To GTOWXElD TOV EAIYIOTOL VLTOKWVITN
Bpiokovtal péca otic TpdTeg 150 bp avodikd amd ™ 0éon Evapéng g HeTaypaenc
[122]. Avth n meproyn Tov yovidiov ednl givar cuvinpnuévn oe VYNAG Pabuod oe dAa
T0. OnAaotikd kot mepiéyet T puBuioTikég ailiniovyieg TATA kot CAAT ot omoieg
evromilovton otig Bécelg -31 ko -98 bp, avrtictoyo (Ewdova 1.26). H avayvodpion amod
g aAAniovyiog TATA mBavdg gUmAEKEL TN GLYYEV] OEGUEVTIKY] TPAOTEIVY GTNV
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aAiniovyia TATA kotd 11 cvvappoAdYNoT TOV CLUTAOKOL Evapéng petaypaens. Ta
ototyeia g aAindovyiog CAAT egival TOAD KOWEC GUVICTMOGES TOV EVKAPVOTIKMOV
VIOKWVNTOV Kot ovaryveopiloviot amd S10popeTikeés 0eGUEVTIKES TPmTEIvEG ToL DNA,
ocopmephapupavopévov  Tov  petaypaeikov  mapdyovio. CAAT, tov mopnvikov
nmapdyovta-Y, g mpoteivig petatomiong CCAAT ko g mpwteivng déopevong
otov CCAAT/evioyvt [123].

>

Polyphenols
1]

Ethanol

id
Aldosterone/
Glucocorticolds

TNFa/AFN/AL-1[

W EXTRACELLULAR

NUCLEUS

e e T MBI
Wi (TETTACET TCM“WJC 6.t £TJCGAJTC

Ewova 1.26: Zovoyn mg pvbuiong tov vrokwvnti tov ednl. A) cis-avtidpadvta ototyeio Tov

vrokwnT Tov yovidiov ednl mapovoidlovtor poli pe ta Yvmotd puOUIGTIKG HOVOTATION Kot
TaPAyovVTeS oV pecorafovv oty yovidlokn evepyodtnta tov ednl. Iapdro mov apketd omd
OVTA TO. ONUOTOSOTIKG LOVOTATIO Eival YVMOTO OTL EMKAADTTOVTIOL, UOVO Ol TEKUNPLOUEVOL
TOPAYOVTES TV OTLOTOOOTIKOV LOVOTATIMV OV EVEPYOTOLOVVTOL amd dedopéva epediopata
mapovcidfovral. Ot vovkieotdikég Béoeig apiBpovviar oe oyéon pe v tpotapykn 0éon
EVapENG NG UETAYPOPNG. ZNUOTO TO OToio, ovEdvouy 1 peidvouy v ékepoorn tov ednl
napovolaloviar pe mpdovo Kot KokKwvo, avtiotoyya. B) H otoiyion (alignment) tov gyyvig
vrokwvnth Tov ednl arnd Homo sapiens, Pan troglodytes, Macaca mulatta, Bos taurus, Equus
caballus, Canis familiaris, Sus scrofa, Rattus norvegicus kot Mus musculus [107].
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Ot meprocdTEPOL amd OVTOVE TOVG TOPAYOVIEG AETOLPYOVV Yoo TNV
otpatordynon ™m¢ RNA molvpepdon II. Tlapd to cvopmépacua 6Tl £€vo VTOGUVOAO
TOV TOPAYOVIOV OVTOV OPOVV GTOV LIOKIVNTH ToL Yovidiov ednl, 1 avoTnTé TOoVg
obvdeong otov vmokvnt N pvluiong tov yovidlov ednl dev €xel mEPAUOTIKA
dokwaotel. Metdhhaén g ariniovyioc CAAT tov ednl dev petéfoare Booikovc
HETAYpapIKoVs puBuovc oe evdobniokd kOTTapo, OAAG Topeunddice TeEAel TNV
uetaypoaeiky evepydtnra tov ednl g amdxpion otnv vmoéia [124]. Avtd to
anotélecpo  vrodnAwver 0Tt M oAAniovyic CAAT 6o pmopovoe va  givon
ONUOVTIKOTEPT KAT® 00 CLVONKEG EMOY®YNG TOL VROKWNTH UOAAOV TOpd oAl

EVEPYDVTAG G £va facikd puOuoTtikd ototyeio tov vokvnty [107].

1.4 Ztpeg Tov Evoonmhacpotikod Atktoov (EA)

To EA gtvan éva amapoitnto KuTTopikd opyoavidlo yio Ty TpOTEIVIK oOvOeon
Kol opipavon Kabng Kot meployn amodnkevong Cca’*. H dlTapoyn TOV AEITOVPYUDY
tov EA mov pmopel va mpokAnbei amd d10Komn TG Opo10GTACTG TOVL ca’*, OVOOTOAY|
™G YAKoQUAI®oNG TOV TPOTEIVOV 1| TOL GYNUOTICHOD OIGO0VAPIOIKMOV OECUDV,
vro&ia Ko Aoipmén omd Paxtipla 1 100G, UTOPEL Vo, 00NYNOEL GE GLOCMOPELGON UN
Swpopeouévov 1 Aavlacuéva SapopeOUEVEV TPOTEIVOV Kol amotuyic. tov EA
OTNV OVIIUETOTION TOV VREPPOAIKOV TPMTEIVIKOD @optiov. To amotélecua avtov
TOV eovoUEVOV gtvat To 6Tpeg Tov EA, to omoio opiletor o¢ pa avicoppomio petalh
™G KLTTOPIKNG {NTNOoMG G€ VEOGLVTIOEUEVEG TTPMOTEIVEG KOl TNG YOPNTIKOTNTAG TOV
EA. TIpoxeévou va LeldcovV 10 VIEPPOAIKO TPOTEIVIKO PopTio Ta KuTTOPA BETOVV
og Aertovpyion v omokpion o€ un dapopeouéves npwteivec (Unfolded Protein
Response, UPR), n omoio onuotodotel v mapodiky| peimomn 1ng HETAQPAONS
TPOTEIVAOV, TNV ATOIKOIOUNCN TOV AovOUSUEVE OLOUOPPOUEVOV TPMTEVAOV Kot TNV
EMOYWYN TOV EMTEIOV TOV HOPLOKDOV GLVOIMV Kot EVEOU®OV avadimlmong £Tol MoTE
va avénbel n yopntuwomra tov EA yuo avadinAwon npoTeivdv Kol amotkodounon.
Qo1660, €dv 10 o1peg Tov EA dev pmopel va aviyetomiodei, evepyomolovvtal to.

OTTOTTOTIKA LOVOTATIO GTA TTPOPANUOTIKE KOTTOPO.
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1.4.1 Mopruxoi cuvoooi cto EA

To EA mpooeépetl éva mepiBdAlov 0avikd yio SopdpemoTn Kot opifoven
TpOTEVOV. Ommg 0 avldg GAL®Y 0pyovIdi®V TOL EKKPITIKOD HOVOTATION, O OVAOG
tov EA givanr ynuikd avtictoyog tov «eE®KVTTOPOTAAGUATIKOD» YOPOL Kot dpa
TOTOAOYIKE KOl AEITOLPYIKE avTioTOl0G TOoL eEmKLTTAPLOV Y®pov. Emopévac to
nepairov tov EA dweépel amd avtd tov KuTocoAiov dcov agopd to 1ovTa, TIG
o&eoavaywyikés ocvvinkeg kot ™ SwbeciudTo poplaKdv cvvodmv. Xto EA
TPOYLOTOTOWOVVTOL  TOIKIAEG — GUV-UETOPPOOCTIKEG KOl LETO-UETOPPOUCTIKES
TPOTOTOWCELS Ol OToieg 0ev ocupPaivouy 610 KLTOGOAD, OT®G O CYNUATIGHOG
OLGOVAPIOIKDOV OECUMV, 1| TOUAKPVVOT] TOV TTENTIOI0V-00MyNTH, N N-yAvkolvAimon
Kot M 7TPooOnkn g opdadag yilvkopwopatidvioivocttoing (GPI). Avtéc ot

OUOLOTOAIKESG AAAQYEC EIVOL GNUOVTIKES Y10 TNV OMOCTH SIUUOPPMOT) TOV TPOTEIVAV.

Y10 KOtTopa Tov Onlactik®v, ot mpwteives petapépovial oto EA ovv-
LETOQPOCTIKA KOl 1 SLUHOPPMOT] TPOYLOTOTOIEITOL GE TPEIS PACEIS. ApyIKA TO
veooynUatiLOpeva TENTIOW EIGEPYOVTOL GTOV OVAO 1) TN HepPpdvn tov EA péow evog
npoteivikod kavolov (Ewéva 1.27). X ouvvéyxewn mpoyuotomotleitol  peta-
LETOPPOCTIKN SLAUOPP®OT apoD 1| OAOKANP®UEVN aAvcida Exel anelevBepmBel amd
10 pifocoua kot 0 TPOTEIVIKO Kovail (Ewdva 1.27). Téloc mpaypoatomoleiton
CLUVOPUOAOYNON TV OAtyopep®v. Avtd ocuvibwg cvppaivel 6Tov 01 VIOROVADES
EYOVV QTACEL OE O OUOPEMOT TOV €ivol KOVIO OTNV KOTAGTOON NG TEMKNG
TPOTEIVNG. Xe avTd Ta TPio GTAdIN TNG OLUUOPP®CNG GUUUETEYOLY HOPLOKOT GVVOJOT

Kot évlopa avoditimong [125].

O1 veoouvTIOENEVES EKKPIVOUEVEG KOL GUVOEOENEVEG e LeUPpaveS TPOTEIVEG
TPOKEWEVOL Vo petaktvnfodv oTo eKKPUITIKO HOVOTATL KOl VO QTAGOLV GTO
KATAAANAO KLTTOPIKO TPOOPIGHO, TPETEL VOL EXOVV T GOOCTN GTEPEOJAUOpP®on. Edv
avt M Oldkacio amotdyel T0TE ocvykpatovvior oto EA kot odnyodviar og
amowkodounon (Ewdéva 1.27). H cwot| opipaveon tov veocuvtifépevov Tpoteiviv
npoypatonoleitor kdtw omd 1 Pondel kot Tov EAeyyo €vOg peydAov aplOpov
LOPIK®V cLUVOd®MV Kot eVOOH®V avadimA®GoNG KATA Tr JWIPKELD UoG TEPITAOKNG
dwdkaciog mov ovoudletar éheyyog modtrag [126]. Ta memtidio mov dev €xovv

avamA®Bel TANPOS 1 €YoVV OMOKTNGEL AOVOUGUEVT] SIOUOPPMOOT GLYKPOATOVVTOL
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o010 EA péoow ailniemdpdoewv pe TOLG HOPLOKODS GLVOOOVS Kol KOTOAANAEG
TPOTEIVEG KaTokpdtnong npoteivav (vrodoyeic KDEL) [125].

To EA mepiéyet éva peydho aplBpd HOPLOK®V GLUVOODV TTOL (QULGLOAOYIKE
CUUUETEYOVV OTI UETA-UETAPPUCTIKY TPOTOTOINGT], GTO CYNUATIGUO S1G0VAPLOKMV
deoudV, oTNV avadiTA®GT), OTI GLVOPUOAOYNON Kol GTOV EAEYXO TOWOTNTOS TWV
VEOGLVTIOEUEVOV TIPMOTEIVOV, TPOKEEVOL var datnpnOel 1 KLTTOPIKY OUOOGTOCT).
Ot popraxoi ocvvodoi tov EA pmopovv va katnyopromomBodv o€ Tpe ORAdES: o)
0TOVG HOPLIKOVS GVVOSOVE TG OIKOYEVELNG TV TPMTEIVMOV Oegpuikov cok (heat shock
proteins) mov mephapPaver 1igc GRP78, GRP94 kat tovg Ponbntikovg cuvodovg, PB)
otig Aektiveg Ommg M kaAveivn, n koipetikovrivny ko 1 EDEM (ER degradation
enhancing-mannosidase-like ~ protein), y) ©TOVC HOPWKOVC GLVOOOVS  TOL
napovotdlovv efedikevon ®g mPog To vVHOoTpOU, Omwg M HSPS7. Emutiéov,
VILAPYOVV TOLAGYIOTOV O0V0 OUHAdEG CLVOOMV TOVL KOTOADOLV TNV  avodimAmon
TPOTEIVOV, TOL £ivarl o1 S160VAPO1KES 1Icouepdoeg (Protein Disulfide Isomerase, PDI)
Kot ot menTdvA-tpoAvA-tcopepdoeg (Peptidyl Prolyl Isomerases, PPIs). 1o EA
vdpyovvy  OVO  YVOOTA  GLOTNUOTO  HOPWKAOV — OLVOODV, TO  CLOTNUO

KahveEivn/kaipetikovdivn kat to cvotue GRP78/GRP94 [127].

To mpdTO cVHOTNUE TOV ATOTEAEITOL OTO TOVG LOPLOKOVS GLVOOOVG-AEKTIVEG,
v KoAve€ivn kot koApetikovAivn, efaptdton omd TV mapovoic TV N-
HOVOYAVKOLDMOUEVOVY  YAVKOVAOV KoL TOV  UN  AVOSUWTA®UEVOV  TEPLOYDV  OTIG
veoovvtiféueveg YAvkonpoteivec. Kabmg ta mentidown eicépyovion otov avdd tov EA
oLYVA GLVOEOVTAL HE YAVKAVEG TOL amoTeAoUVTal oamd Ovo pople N-akeTvLA-
yAvkolopivng, evvia popuo pavolng kot tpior popra yavkolng. Ta popror yAovkoing
amopakpvvovtor dueca amd g yAvkoowdoeg I ko I [128] wor to vmdAoumo
yAvkoluMwpévo mentiolo avayvopiletor amd t0 cOoTH KOAVEEIVI/KOAPETIKOVATVT
Yo TEPUTEP® avadimimon kot cuvappordynon. H amopdxpuvon tov televtaiov
popiov yALKOING KATAGTPEPEL TNV TEPLOYN TPAGIECNG Y10 TO CUGTNUA TOV GLVOOIDV
KOl ETLTPEMEL GTNV VEQ TPOTEIVY vo. petopepel oto ovumieypo Golgi, epdoov Exet

oloxkAnpwbei n avaditimon cmoTd.

To devtepo cHomua mov amoteheitor omd Tovg cuvodovg GRP78/GRPY4,
e€aptaton amd v mapovcio un avadmiopévev repoydv. H tpoteivn GRP78 mov
gtval yvoot kot pe 1o évopa BiP, givar opdroym tov npoteivov Hsp70 oto EA pe
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dwtnpnuévn mepoyn ATPaong kat teployn tpdcdeong nentdinv nentdiov [129]. H
GRP78 avayvopilel kol decpevetol oe mPOTEIVEG HE VOPOPOP TUAUOTO GE U
dwpopeouéves meployés. Emopévag kdmota amd o VTOGTPOUNTO TOV GUGTHHOTOC
KOAVEEIVI/KAAPETIKOVAIV pmopobv  va  deopevtovv oty GRP78 edv 1 N-
yAvkoludioon epmodiotel. H GRP78 Ppioketon oe éva peydAo mOALTPOTEIVIKO
ocvumioko poll pe mowidovg poprakobg ovvodovg (GRP94, PDI, ERp72,
GRP170/0ORP150, UGGT, xvkhogikivny B ko SDF2-L1) oynuatiCovtog éva diktvo
owvoddV Tov eneepyaletal To Un SIUOPPOUEVE TPOTEIVIKA vTooTpdpate [130]. Ze
avtd 1o ovumioko, M mwpwteiv GRP94 ocuyvd Aertovpyel ¢ €vo  SyepEc
TPOGPEPOVTAG U0 TAATEOPHUO Y10 TN GUVOPUOAOYNCT M TOV OAMYOUEPIGUO TOV
npoteivikov @optiov [131]. Télog, ka1 T 30O GLOTHUOTO HOPLIKDV GLVOOIMOV

ocvupariiovy oty amodnkevon acPeotiov oto EA (Ewdva 1.27).

(2)
ATP

=<
3

';a. AdBog Slagop@wyévn
TPWIEiIvN
-5
S

, ﬁ, BiP/GRP94
‘.

Caqo
ﬁ kaApeTIKOUAiv

ﬂ ‘ KaAvegivn

ATroIKoSOHNON OTO TpWTEdTWHA

Aul6g EA

OUBIKITIVIAiwOn

Ewova 1.27: Asutovpyieg oto EA kdtm and puoioroyiég cuvonkeg [127].

Ot mpwteiveg o1 omoieg amétvyav otov €leyyo motdtnToag Tov EA 0dnyovvtat
OTNV OTOKOOOUNGT) TPOKEEVOL VAL EUTOOGTEL | GuoCOPEVSOT ToVG 610 EA, 1 omoia
eite pmopel va puetafdrel T GLYKEVIPOGT] TOV LOPLOIKDV GLVOODV EITE VAL GYNUOTICEL
adtdAvta cuescoUATORNTO TOL Bo pmopovoav vo etvar to&wkd Yo to KvTTapo. O
LUNYOVIGUOG VTOG OmOKoOOUNoNG OVOUACETOL ATOIKOSOUNOT| TPMTEIVAV HUEGH TOV
EA (ER-Assosiated Degradation, ERAD) kot gival cuvinpnuévog and to KatdTepa
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eVKapLOTIKE péxpt ta Ondaotikd [132]. Katd ) ddpkeia tov ERAD ot mpoteivikol
oT1OY01 IOV £Y0oVV emheyOel amd Tov EAeYY0 TOOTNTOG HETATOMILOVTOL GTO KVTOGOAO
Kol amotkodopovvion and 1o ovotnuo ovfikitivig-tpmteacouatog. Ot poptlakoi
ovvodoi omwg kaAveéivny, GRP78, EDEM kot PDI xotéyovv onpavtikdé porlo otnv

EMAOYN TOVL VIOCTPAOUOTOS Y10 ATOIKOOOUNGN Kot oTNV dtoAvtonoinon tov [127].

1.4.2 Movondtio. 6npatoddTNoeng 6TV 0TOKPLeT) TOV 6TPES ToL EA

‘Exouv avayvopiotel tpelg O10QOPETIKEG OUAOEG LOVOTOTAOV UETOYMYNG
onpoatog Tov otpeg tov EA. Kabe opada opilet éva Eeywprotd povomdrt g UPR mov
drapecorafeitar amd tovg TpoTeivikove vrodoyeic IREL (Inositol-Requiring-Protein
1), ATF6 (Activating Transcription Factor-6) kot PERK (protein kinase RNA, PKR-
like ER kinase). X¢ kd0e nepintwon, po dtopepPpovikny Tpoteivn avtilapfdvetat
KOTAGTAOT TNG ovadimTA®moNng TPOMTEIVOV oTov owAd Tov EA Kou petadider v

TAnpoopia o pécov g pepPpdvng tov EA oto kuvtoodio (Ewova 1.28).

unfolded protein ER
W accumulation
EEE—
Golgi
apparatus
Activation of the UPR
v / ‘ \“—\_’
h 4
’ ¢ S1P/S2P «——— ATF6 PERK ' IRE1

UPR effectors
elF2a Eliced mRNA n}gﬁc'od mANA
T lational
ranlatonsl @? —® 17 '
¥

Xbpis

ATF4
. protein

v -

\
b, &. =,

ER chaperones ER chaperones
Anti-oxidative stress genes ERAD components

nucleus

Ewova 1.28. AwoOntipeg tov otpeg Tov EA kou povordrio. tov UPR [133].
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IRE1

O mpadToc vodoyéag Tov UPR mov Bpébnke ot {Oun eivon o IRE1L, o omoiog
€xel o mepoyn otov avAd tov EA kol pia meploy] oto KuTTOpOTAOGUO UE
dpacTIKOTNTA TPMTEWVIKNG Kivaong [134]. Q¢ amdkpion o€ AABOC Stopop@muUEVES
npwteiveg, o IRE1 olyopepileton oto eminedo g pepPpdvng emrpémovtog tnv trans

AVTOPOGPOPLAMMOT TOV TEPOYDOV UE dpaoTikdéTnTo Kivaons. (Shamu & Walter,
1996).

ER lumen
Unstressed Stressed
___...-—-"' '
(,
IRE bl WA TRAF2
Cytoplasm mRNA processing
XBPI mRNA o
—( Nlo—0 L
\’ Ligase
Introrgp
Translanon Translation
XBPls
Nuc'leus l

Gene transcnphon Chaperones

I __ | Lipid synthesis

WINININM/\ | ERAD proteins

Ewova 1.29: Tnpotodotikd povondtt tov vrodoysa IREL [137].

To povomdtt onuatoddtmong twov IRE1 o mepihapfdver 10 cvvnbiouévo
KATOPPAKT] QOGPOPLAIDCGEDV Kol EVEPYOTMOINONG KvoohV kaBmg TO HOVAIIKO
yvooto vrootpope tov IRE1 givar n 101 n poteivn IREL. Méow evog unyovicpon
Tov Ogv €xel Katavonbel mANpwg, 1 trans avtoewsOPLAMOT TOV TEPLOYDOV KIVAoNS
evepyomolel dpacTiKOTNTA £VOOPIPOVOVKAEASNC e Eva LOVO YVOGTO VITOGTPMOLA, TO

MRNA 7ov k@dkonotel T0 petaypagikd mapdyovro Hacl ot {oun 1 XBP1 (X-box
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binding protein-1) ota petdlowa [135]. Emopévac o IRE1 givar éva évlopo pe dumin
JpPACTIKOTNTO, TPMOTEIVIKAG KIVAoNG Kot gvdopifovovkiedons pe eEedikevon o
0éon, n omoia dpactikdTNTA PpLOUIETOL OO TNV E6MTEPIKN HOVAdL TG Kvaong. O
IRE1 «6Bet 1o mpddpopo popio MRNA tov Hacl 7 tov XBP1 600 @opéc, pe
amoTéAes Lo VO amopakpOveTal éva mapepforlopevo kopudtt 1 wrpovio (Ewova,
1.29). To 5" kot 3" dxpo tov MRNA o1 cLVEYEIL EVDVOVTAL, ONUIOVPYDOVTOS EVal
natiopévo (spliced) MRNA 1o omoio e T o€1pd To0V KOSIKOTOEL Evay eVEPYOTOMT
TV Yoviov otoywv ov UPR. Xt petdlma, 1000 1 mpddpoun popen 660 Kot TO
npoiov paticpatog tov XBP1 petagpdlovral, oe avtiBeon pe t {oun. Qotdco ot
TPOTEIVEG TOL KOOWKOTOOVVTOL, Ol OTOieS OPEPOVY oIV  OAANAoLYio €xouvv
dwpopetikég Aettovpyiec. H popen tov XBP1 mov kwowonoteiton amd 10 mpoidv
paticpoatog etvan o otabepr| Kot dpa o¢ 16YVPOS evepyomomtng yovidiov tov UPR,
EVO 1M TPpOTEIVN Tov kwowKomoteitar and 10 mpodpopo MRNA egivar actabng Kou
KATAoTEMEL TO, Yovida otdyovg tov UPR [136]. H éAlewyn tov yovidiov IREI 4
XBP1 o¢ éuppova movtik®dv €xel amoderytel 0Tl givor Bavdoun katd v Kvoopia,

TPOTEIVOVTOG OTL GLUUETEYOVV GE 1O10HTEPA ONUAVTIKEG Aettovpyieg tov EA [137].

ATF6

H perém yu mpdobeteg npmteivec tov UPR o0dnynoe oty avayvopion tov
vrodoyéa ATF6, o omoiog amotelel uéog pog véag opddag eEeldkevpévng ota
petalmo, peTOY®Y®OV onuotoc tov otpec tov EA. O ATF6 ovvtifeton o¢ o
avevepyn mpddpoun mpwTeiv, N onoia Tpocdévetat ot pnepPpavn tov EA pécm evog
dwpepfpavikod TUHaToC, To omoio mpoekteivetol otov avid tov EA (Haze, Yoshida,
Yanagi, Yura, & Mori, 1999). Kdto and cuvOnkeg mov endyovv to otpeg tov EA, 0
ATF6, petapépetar amd 10 EA ot cvokevn Golgi, 6mov veiotatar mpwtedivon and
dvo mpwtedoeg tov Golgi, apywd and v S1P (Site 1 Protease) kot otn cuvéyeio and
v S2P (Site 2 Protease) ce pio. evoopeEUPPOVIKY TEPLOYT], UE OMOTEAEGHO TNV
anelevfépmon oto kutosOAo tunpatog ov ATFE (ATF6 fraction). X cuvéyew to
koppdtt ATF6F petapépetar otov mupniva 6mov dpa ¢ HETAYPUPIKOS TOPAYOVTaS,
EVEPYOTIOIOVTOG TN MeETAYpa Yovidiov otdoywv tov UPR (Haze, Yoshida, Yanagi,
Yura, & Mori, 1999) (Ewdva 1.30).
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Ewévo 1.30. Znuatodotiko povondtt tov vrodoyée ATF6 [137].

PERK

O 1pitog vmodoyéag yia TN onuatoddtnon tov otpec tov EA, 0 vmodoytog
PERK mapovcialel opodtnta pe tov IRET xabdg cvoyetiCovtal Kot puAOYEVETIKA.
> Qoun, n éAleyn apvoéémv yivetatl avtianmm and v npwteiv GCN2, n omoia
QPOGEOPVAIDVEL [10L SLOTNPNUEVT] TEPLOYN GEPIVING GTNV O VIOLOVADN TOL TOPEYOVTQ
EVOpENG TG LETAPPOOTS TMV EVKAPLOTIKGOV KuTTtdpwv elF2a (eukaryotic translation
initiation factor-2). Ov un avodmlopéves tpmteiveg ot Loun yivovtol avTiAnTTég
amod tov vrmodoyéa Irel, o omoiog €xel Opdon OGO MPWOTEIVIKNG Kivdong 660 Kot
evoopifovovkiedong. Ot vmodoyeic GCN2 wor Irel ypeidlovion ko ot dvo va
pumopovv vo. avoayvopicooyv RNA kot va @oc@opuAidcovy GAleg mTPOTEIVEG.
AmoteAéopoto amd Aeltovpyikd mEPApaTe dAAL Kot amd ovAALGT TPOTOTOYOVGS
doung tov DNA deiyvouv 0Tt katd T dtdpkela TG £EEMENG Ta AEITOVPYIKA TU AT
TOV YOVIOIOV 0VTOV oVOKATEVTNKAY, EMTPENOVTOG 0T {da va avianeEéAfouy KaTm

amod mowkileg ovvOnkeg otpeg. Xvykekpuévo ot GCN2 ko Irel e€ediybnkav oe o
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O1KOYEVELL ONAUCTIKOV TPOTEIVOV TOV OTOKPIVOVTAL GTO GTPEG, OMMG POIVETOL GTO

(Ewova 1.31)..

To vedTtepo HEAOC AVTAG TNG OKOYEVELNS TTPOTEIVOV lvar o vmodoyéag PERK
[RNA dependent protein kinase (PKR)-like ER kinase], yvootog kot og PEK,
(pancreatic elF2a kinase). O PERK cuvévaletl Asttovupyikég 1010TNTeG Kot amd ToVG
dvo vodoyeic GCN2 kat Irel kot mopovoidlel opodTTa TNV aAAnAovyio pe Tig S0
opoloyec mpoteiveg Tov Onlaoctikodv Ti¢ PKR xat Irelb avtictoyo (Ewova 1.31). H
neployn mov oyetiletan pe tov Irelb elvan mbBovoév avty mov aviyvedel Tic un
OO PPOUEVES TPMTEIVES, VD 1 aAANAovyia mov oyetiletan pe Tov PKR kwdwomoet
p TPOTEIVIKNY Kivdon mov puBuilel v mpwteivocuvieon. Me 1 cdvdeon twv 600
TPOTEIVIKOV OTKOYEVEUDY, OTIG OTOIEC GLUUETEYOLV Ol JPUCTIKOTNTEG KIVAOMG KOl
evdopifovovkiedonc, N tpoteivn PERK avtimpocwnedel tov yapévo cuvoespuo otnv

eEEMEN TV TpoTEIVOV TOL amokpivovtal oto otpeg (Ewova 1.31).

GCN2 Iret
Amino-acid ER stress: unfolded
starvation protein response
Yeast
Mammals
PERK (PEK) RNase L Irela Irel g
Antiviral  Iron deficiency ~ ER stress: Antiviral ER stress:
translational unfolded protein response
inhibition
[ elF2a kinases ] Ribonuclease and kinase domains

Ewova 1.31. Zyéon tov npoteivov andkpiong oto otpeg Tov EA ot {Oun ko to Oniactikd

[139].

O vmodoyéog PERK eivor pio dwpepppovikny mpwteivn pe meployés
acOnmpeg 10V 6Tpeg oTov A0 Tov EA pe mopodpola doun kot Asttovpyio pe tov
IREI. To xvttapomiacpotikd koppdtt tov PERK mepiéyer emiong o mepoyn pe

dpactikdtta Kivaons (Ewdva 1.32), to omoio veiotator evepyomoinon péow trans
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AVTOPOGPOPLAIMONG LETA ATtO OALyOUEPIGUO TOV VTOJOYEN. QLoTOGO avTIBETA [IE TOV
IRE1 yia tov omoio 10 pévo vmoéotpopo €ivar o 1010¢ o vmodoyéag, 1o PERK
POGPOPVAIDMVEL GTNV O VTOUOVASO TOV TapAyovta EvapEnNg NG UETAQPACTS TWV
evKopLOTIKOV Kuttdpwv elF2a (eukaryotic translation initiation factor-2) ot cepivn
51 (Ser51). Avti 1 @E®WGEOPLAM®ON aVOOTEAAEL TOV TOPAYOVTO OVTOAAGYNG
vovkAeoTdiov yovavivng elF2B, 1o omoio eivor éva mevtapepés cOUmTAOKO 7OV
avakvkAovel Tov elF2 oty evepyn tov popen ovlevypévn pe GTP. Xounid enineda
0V gvepyoL elF2 &yovv ®g amoTéEAEGHA KOTAGTOAN TNG UETAYPAPNG, LE EXEPYOLEV
peiwon tov eoptiov TV VEOSLVTIOEUEVOV TPOTEIVOY, TOAAEG Omd TIC OTOIEG

npoopilovtal va eléABovv otov awid tov EA [140].

IRE1-
SS related ™ Insert
recrex [ HCHHE— D
Dimer BiP Protein Kinase

binding

Ewévo 1.32. Aoun tov vrodoysa PERK [141].

Extog amd v kaboAkr| peimon tng mpwteivocvvBeong yoo T peiwon tov
eoptiov mpwteiviyv oto EA, 1 pocpopvriionon tov elF2 péow tov PERK cuppdiiet
eniong ot petaypagikn evepyomoinon oto UPR. To mpo@id ékppaong oe kdTTOpO
Y®pic to yovidlo PERK kot k4t and v enidopaoct otpeg tov EA £0€1&e v ehdmm
enaymyn mowkidwv MRNA mov givarl vrevbova yio v €naywyn ToV UGIOAOYIKOV
UPR [142]. [Tapopoto eldttope oty EKQpaot) Yovidiov mov endyovtal amd T0 6TPEG
t0v EA mopotnpnnke oe kdttopo pe pio petdAraén ogpivng-aiavivig (Ser51Ala)
o10 elF2a, n onola avactédrel ™ pwceopvAinon tov elF2a aAhd dev emdpd pe Giio

TpOMO 61N Acttovpyia tov [143].

H obvdeon peta&d g poceopuiioong tov elF2a kot tng evepyomoinomng tng
gkppoong yovidiov eivar doTnpnuévn oto EVKOPLOTIKA KOTTtapo. Xtn Oun, m
ewo@opvrioon Tov elF2a amd v kivaon Gen2 (General control non-derepressible-
2) odnyel o€ UETAYPOQIKN ETAYMOYN TOL UETAYPOPKOL Tapdyovia Gend, o omoiog
etvat KOpLog puOGTAG ™G KVTTAPIKNG amdkpiong oty EAAeymn apwvoc&émv. H 57 un

petappalopevn mepoyn tov yovidiov GCN4 mepiéyel pkpd, ovVOSTOATIKA 0vOryTd
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mlaice avayvoong (UORFS) ta omoio epmodiCouv v petdppacn twv GCN4
kodwomoovpevoy ORF oe @uolodloyikd wiOttapa. Kdato ond ocvvnkeg mov
EMTTOVOLV TNV dpacTikotTnTa Tov elF2 (Adym ™¢ eoopopviimong tov elF2a) ta
pocopata mapareitovy to avactortikd UORFS dote tao GCN4 ORF va pmopovv
va petappactovv. To yopaktnpotikd avtd eivor OTnPnUEVO GTO UETOYPOPIKO
napdyovta ATF4 tov Onlactikov (to opdroyo tov Gend ota petdlma), o omoiog

endryeton and ™ ocopviimon tov elF2a [144]( Ewova 1.32).

Xe vynAd emineda, N OcEopLvAimon tov elF2a pmopel va evepyomomacet kot
10 petaypagikd mapdyovia NF-kB, aAld vmdpyovv S0pOpETIKEG AMOYELS TOVE®
GTOVG UNYOVIGLOVG TOV EUTAEKOVTAL. TN o LEAETN, 01 cLVOT|KES oL oyeTilovTan e
™M PoPopLAiwon tov elF2a 0dnynoav ot ELGIKY SGTACT EVOG OVOGTAATIKOV
ovumAdkov mov mepiEyel tov NF-kB [145]. Avtibeto, dAAn pekétn deiyver 611 M
LETOPPOCTIKN KOTAGTOAN OV pesorafeitar amd m ewsopviimon tov elF2a oonyel

o¢ petwpéva eninedo tov Kotootodén tov NFkB [146](Ewova 1.33).

To yeyovog 611 Ta KOTTOPO TTPEmeL va. puOuilovy avotnpd to emineda TOL
eoo@opvAopévov elF2a yua va emPiocovy givor vd apeioPritmon. H evepyomoinon
tov PERK and 10 otpeg tov EA givon dueca avaotpéyyun kot péco oe Atyo Aemtd
HETG TNV emavagopd g oupowdotaone oto EA, 1o evepyomomuévo PERK
amopwo@opvdvetal [147]. Ot pvBuiotikoi unyoviopoi kabmg Kol 01 POCPATACES
mov  eumAEKOVTOL Topapévouy  dyvmotec. Qotdco, €xel  amodeyBel OtL TO
eoo@opvAopévo elF2a vpiotator apvntikn pOOcT. MEcm YEVETIKOV TEPAUATOV
o€ COUOTIKA KOTTOPO £Y0VV avayveploTel Svo PEAN avThg TG ddikaciog, Ta omoia
OtV VIEPEKEPACTOVV, eumodilovv v evepyomoinon tov PERK. Ta &vo avtd
yovidwr mov avayvopiotnkayv givar to GADD34 (Growth Arrest and DNA-damage-
inducible protein 34) ka1 to CReP (Constitutive Repressor of elF2a Phosphorylation),
T0. OTO{0. KMIKOTOOUV TIG VIOUOVADES OVO GUUTAOK®OV (OCPATOCOV, TO OToio
anopmceopvAidvouy tov elF2a ave&apmra [148]. H mpwteivn CReP ekppdleton
otafepd kol GuUParel 6TV amoPwSPopLAincn Tov elF2a oe Pacwkd emineda, evd, N
npwteivy GADD34 endyetor ¢ HEPOS TOV TPOYPAUUOTOS EKPPOOTG YOVISI®V TTOV
gvepyomoteitoar amd ™ Qwo@opvAiwon tov elF2a kot cvuPdAier ce  apvnTIKN

emavatpo@oddton [127](Ewova 1.33).
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H madon tov kutropod kokhiov petd 1o UPR copfaivel apyikd ot @don
G1 [149] ko pokvmTEl Od TNV €01KN amdAEW TG KUKAIvG D1 péom avaotoing
g petdppacns tg. Onmg TpokimTel 0md TEWPAPATIKA dEdOUEVA 1| EVEPYOTOINGT TOV
PERK &givar wavi vo pesorafnoet 6TV KataoToAn e EKepacns g KukAivng D1
Kot va Tpodyel Ty wavon tov kuttaptkod kOokAov [150]. Emouévmg, o vmodoyéag
PERK Aettovpyet og £yyvg pubuiotig g onpotoddtong katd 1o UPR, cuvdéovtog
0o EA pe ) puBuion g eEEMENG TOL KLTTOPIKOV KOKAOVL.

ER lumen Unstressed

Cytoplasm

PERK

| Protein synthesis .
L ER load

Nucleus

|

Armmmmnnn

Amino-acid transporters

ﬁz) Anti-oxidant response
s AlF4 XBP1 — chaperones
D |2

antiapopto t’i ; UPR/ISR target genes
fBL2 ~ proapoptotic patfway
M [

Cell death

A=mmmmnnne

UPR/ISR target genes

Ewova 1.33. Znpotodotikd povondtt tov vrodoysa PERK [137].

Araotavpwon ustold twv povoratiawyy tov UPR

Evo n evepyonoinon tov IREL, PERK ka1t ATF6 mpoywpd aveEdptnra ot
KOTTOpO KATO TNV €maymyn tov otpes tov EA, 1o tpio povomdtie tov UPR
EMKOWMVOUV eKTEVMDG. EmumAéov, ot petaypa@ikés SpAcels TV TPV LOVOTATIOV
100 UPR 0AANAETIKOADTTOVTOL CULOVTIKG, TO OTTO10 EMTLYYAVETOL EV LEPEL LEGM TNG
Kowng Betukng evioyvong. T mopdderypo, o petaypapuodsg mapdyovrag XBP1
evepyomoteitan petoypoeikd amd tov ATF6 [135] kot omd tn onportoddtnon tov
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vrodoyéa PERK [151], to omoio upmopel va eivar vmevbvvo yio to 1dtaitepa
edattopatikdé UPR ota kottapa pe EAdenym tov PERK.

Eniong mpdopatn perétn deiyver 6t to povomdtt PERK/p-elF20/ATF4 givon
amopaitnto Ol LOVO yio TN pUOON TG LETAPPOOTS OAAE Kot Yio TNV EVEPYOTOINGN
tov ATF6 kat TV yovidiov otdy®mVv Tov, KATL Tov amodeiytnke 1000 IN VIVO 660 Kot
og KaAMépyeteg kKuttapwv [151]. To povomdtt tov PERK dievkoivver Ty ohvbeomn tov
ATF6 aA)ld kat ) petagopd tov and 10 EA oto ovumieypa Golgi yio mpotedivon
Kot gvepyomoinomn [151]. Téhoc, moArég mpmteivec-cuvodoi puBuilovtar petaypapikd

O HETAYPOUPIKOVG TAPAYOVTES TOL gvepyomotovvtot omd to UPR.

1.4.3 Avayvopien tov 6tpes T0v EA a6 100G poplakovg cvuvodovg

Or aioOntpec tov otpeg Tov EA, IRE1 a1 PERK givatl ot dwapepppavicoi
VTOOOYELS T®V OmolwV 1 evepyomoinon HEC® OAlyopeplopoly oyetileTon  pe
dwtapayuévn avadinimwon mpoteivov oto EA. Toco o vrmodoyéac IRE1 660 kot o
PERK mepiéyovv efehktikd oyetildpevoug oucOnmpeg un  avodumlopévov
TPOTEIVOV 01 00101 UTOPOVV AEITOVPYIKE VO OVTIKOTAGTHGOVY 0 £VOG TOV GALO Kot
ol omoiot gvtomilovtor otov awdd tov EA. T'a tov tpdmo pe tov omoio avtég ot
ePLoYEG OcBiavovTal To QopTio TV TPOPANUATIKOV TPOTEIVOV £XoVV dlotvmmOet
tpioe povtéda. To poviédo dueong avayvopiong TpoTeivel OTL Ol U SHOPPOUEVES
npoteiveg deapevovtar katevbeiav otic meployég tov IRET ko PERK otov avdd tov
EA Eypo 11, uque o). H xpuotaiiikr doun tov IRET g {Oung, ovykekpyéva
™G mEPLOYNG EVTOG ToL awAov Tov EA, amokdivye 01t to dpepég IRET oynuatiler po
Babud avraka, e S1GTACELS OV £lval GOUPOVES LE TNV IKAVOTNTO OEGUEVOTG EVOG
ektetapévov mentdiov [152]. H mbavotnta g déopevong tov nentidiov otov IREL
(xon PERK) mpoteivel 611 1 déopevon avty odnyel otov olyopepiopd tov. ‘Eva
EVOALOKTIKO HOVTELD EULECNG OVOYVOPLOTG TTPOTEIVEL OTL 1 OEGLEVOT) TOV HOPLOKOD
ovvodo¥ BIP, Tov Bpicketon o€ apbovia oto EA, «kAeddver (otabepomoiei) ta IREL

kot PERK oty avevepyn kotdotoon (Euwova 1.34).

[Ipdynatt, oe Kotdotaon mpepiog, kot ot dVo vrodoyels Ppiokovtal oe
ovumioko mov weptéyet to BiP. To otpeg tov EA 0dnyel o€ amodéapevon tov BiP and

TO. GOUTAOKO VT TPOKEUEVOL VO SECUEVGEL TIC U1 SOUOPPOUEVES TPOTEIVES GTO
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EA. To povtého ovtd Spmg dev eényel €dkolo TOo TEPOUOTIKO VPN OTL TO
avénuéva enineda tov BIP dev avaipodv v gvatcOnoia tov UPR cg pikpéc ahlayég
010, EMMESA TOV UM SOUOPPOUEVEDV TpOTEIVGOV. Emtiong, 1 6éouevorn tov BIP dev
etvar amapaitmtn ot pvOwon tov IREL. 'Eva tpito povtélo, vPpidio twv 600
TpoNyoOUEV®DV TTPOTEIVEL OTL TOGO N amodéouevon Tov BIP 660 kot 1 déopevon tov

TENTIBIOV TPOKAAOVV TNV evepyomoinon twv vrodoyéwv [137] (Ewova 1.34y).

o Unfolded protein

Direct recognition model
ER lumen
Cytoplasm
IRE/PERK

|

Indirect recognition model
B g % - @%‘\ 7~
Hybrid recognition mofwgg

Ewova 1.34. Movtéha avayvdpiong tov 6tpeg Tov EA amd toug poplokovg cuvodovng [137].

|

1.4.4 Xtpec Tov EA ko anontoon

H evepyomoinon tov UPR  mpokoAel pt TPOGOPUOCTIKY  amdKkpion
TPOKEWEVOD  TO  KUTTOPO Vo EEMEPAGEL TN GLOCHPELON TV  AdvBoouéva
SWHOPPOUEVOV TPOTEIVAV. QGTOCO GE GUYKEKPYEVEG TEPUTMGELS, 1| EVEPYOTOINGM
tov UPR pmopei va unv eivarl apkem dote va Eemepaotel 10 otpeg tov EA ko 1
OLVEYNG OLOCAPEVOT TV AAVOUCUEVH SLUUOPPOUEVOV TPOTEIVOV UTOPEL Vva

EMPEPEL TOEIKEG EMOPAGELS, 0OMNYDOVTOS TEMKE 08 KLTTOPIKO BAvaTo. Xto petdlma n
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OmOTTOON €lvol Ut ONUOVTIKA HOPON KLTTapPKoy 6Oavdtov, mov amoitel v
EVEPYOTOINGT TOV KAGTAGHOV Kot T0, LEAT TNG O1KOYEVELNS TPOTEIVOV Bel-2 dote va
eEarelpBovv ta KoTTOpO TO OTTOol0 pIwopet var elvat emiPAafr| yio Tov opyavicuo.

Ot xaomdoeg givol TPOTEAGES KVGTEIVNG OV Ppickoviol 610 KOTTOPO UE TN
pHopen avevepymv mpddpouwv popiov 1 (upoydveov kot ot GLVEXEW VOIGTAVTOL
TPOTEOAVGT DOTE VO GYNUATIGTOVV 01 EVEPYES LOPPES TV EVEOIL®MV TOV ETAYOLV TNV
OMOMTMOOT. XTO TOVTIKIOL 1) TPOTN KACTACT] TOV YOPUKTNPICTNKE MG CNUAVTIKY]) GTO
TAQIGI0 TNG EMAYOUEVTG HECH TOL OTPEG Tov EA amoémtwong, eivar n koondon-12.
Yvykekpyévo Kottopa amd movtikie yopic kaombon-12 eivor pepikadg avOektikd
otV HEG® 1oV 0TpeG Tov EA amdmtwon, aAAd veioTavTol KOVOVIKY ATOTTOOo LUE TNV
enidpaon aAwv Bavameodpwv epebicpdtov [153]. Metd v evepyomoinomn ¢ 6to
EA, n xoomdon-12 mpokarel mpwteoAvTIKY] gvepyomoinom g Kaomionc-9 kot avt
ue  oepd g ) kaomdonc-3 [153] (Ewodva 1.34). H evepyomoinon g koondong-9
puécw tov otpeg tov EA pmopel va mpaypotomomdel amovoia g ancievbépwong tov
KLUTOYPOUOTOS C, T0 omoio otnpilet v Vmapén &vOg HOVOTMOTION OTOTTMONG

ave&bpnTov amd avtd mov eEaptatat amd o pitoyovopto [154] (Ewdva 1.34).

H evepyomoinon towv «aomacov mpaypotomoleitor emiong HECH TV
awoOnmpov Tov UPR kot cvuykekpéva €xel Ppedel 61 onuovtikd pdro ce avtn
dwdwoacio koatéxer o vmodoyéag PERK péocw evepyomoinong tov HeETOYpOQIK®V
napayoviov ATF4 kow CHOP [155]. H anmAgio tov yovidiov CHOP ot kdttapa
TOVTIIKIOV 00NYyel o€ pelmwon g amoOmT®mong HEG®m Ttov otpec Tov EA wor 1
vrepékppaon g tpoteiviig CHOP emdyst tyv andntwon o€ KLTTapikég oelpés [156].
To CHOP pmopet va gvaicOntonomoet ta KOTTOPO GTNV ATOTTOON LEGH KOTOAGTOANG
TOV OVTI-OMOTTOTIKOV Tapdyovto Bel-2 kot emaymyng tov Bim, to omoio givon éva
TPOOTOTTMOTIKO UEAOG TNG O1KOYéVELng TtpmTeivav Bel-2 [156, 157] (Ewova 1.34). O
vrodoyéag PERK emumAéov coppetéyel 6e o ovTi-0monTtOTIK) omdKplon HECH
ewoPopvrioong tov Nrf2, evoc petaypa@ikov mapdyovia mov endyst v emPimon

TOL KVLTTAPOVL KaTd 0 otpeg Tov EA [158].

O vrodoyéag IRE1 gumiéketonr eniong omv amdMTOON HECH EVEPYOTOINOTG
OV oNuatodoTikoy povomatiov Twv kivac®v JNK (c-JUN N-terminal Kinase) e
pnyoviopd avegaptto amd avtd g evepyomnoinong tov XBP1. O IRE1 oynuariet
éva ooumhoko pe to Traf2 kot ASK1 (apoptosis signal regulating kinase-1), to omoio
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ewcpopvlwvel T JNK kot evepyomolel To AmONTTOTIKO HOVOTATL GE VELPDOVES TOL
exténkav og otpec Tov EA AMdym mopovsiog VnAdV ETmEd®V TOAVYAOVTAUIVIKOV
npwteivav [159]. Xvvenmg, o IRE] gumiéketarl € 800 0moKpioELS, EvEPYOTOINOT TOV
JNK kot patiopa tov XBP1, ot omoieg aveEdptnta pmopovv va Exovv avtifetn
ocuouporn ot pvbuion TG amOTTOONG HEC® TOL otpec Ttov EA. M oepd
nepapdtov oe ovipomiva kottopa £0e1&e Ot to pdtiopa tov XBP1 goacbevel og
TPOYOPNUEVO OTAOL TOV oTpec Tov EA, O0tav emdyeton m amdmnton kot OTL M
vrepEKPpactn Tov gvepyomomuévov XBP1 mpootateder to kOTTOpO Omd TNV

andéntwon [160].

H aneievBépwon acPeotiov and 10 EA moapoammpeiton e moAAEG poppég
AmOMTOONG Kot 01 TOTKEG aAANAeTOpacels petalh EA kou pitoyovopiov umopodv va
dtevkoAbvouy TN petagopd acPectiov ota puToxdvopla, 1o omoio omoteAEl Eva
onuavtikd unyavioud pvduong g andntowonse (Ewodva 1.34). Ov mpwteiveg g
owoyévewng Bel-2, Bak kot Bax amattovvtal yio emaymyn g amdmTtmons and moikila
epebiopata mov meptlapupdvoov to otpeg tov EA war puvBuilovv 1660 NV
ATEAEVOEPOON TPO-OMOTTOTIKAOV TAPAYOVTOV Omd TO UITOYOVOplo. OGO Kol TNV
aneAevBépwon acPeotiov and 1o EA [161, 162]. EmumAéov mapovcialel evolapépov
10 yeyovog OtL ot Bax kow Bak deouevoviar otov IRE1 kot ypetdlovior yioo 10
anoteleopotiko patiopo tov MRNA tov XBP1 katd ) didpkela tov otpeg tov EA,

aveEGpTnTo Ao TV TPO-OTOTTWTIKY TOVG dpdoT oTo utoyovopio [163].

ER

ER stress

/ Ca""+ L \ IRE1
N L

Pro-Caspase-12

Ca2+
P—Calpain

Caspase- ATf4
12
CHOP
Caspase-9 i
l Bcl-2
Caspase-3
Apoptosis Apoptosis

Ewévo 1.34: Mnyavicpol enaywyng andrtwong omd to otpeg Tov EA [133].
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H andémtoon tov xvttdpov endystar Katow omd woyvpd otpeg tov EA.
Avrtifeta ta KOTTOpO OV EKTIBEVTON GE MO GTPES UTOPOVY VO TPOCAPUOGTOVV Kol
va EMPLOGOVY KAT® amd avTég TIC GLVONKES, KOO Kol Yo, pueydleg meplodovg [164].
Xe ovvOnKeg KOAMEPYELNG KLTTAPWV, N amdpacn HeTasDd Bavdtov kot TPoGapUOYTg
ot0 otpec tov EA efaptdror apywd omd TN €vtoon TG EVEPYOMOINONG TV
ateOnmpov tov UPR mapd and ta €1d1kd povomdrio mov evepyomotovvtan [164]. H
peAétn avtn| €0e1ée OtL KT omd gite MO 1 1W60YVPO GTPEG OAOL O1 AGHNTPES TOV
UPR evepyomotoOvtal kot odnyohv OTNV ENOY®YY| €€ TPO-OMONTOTIKAOV 1 OVTL-
OTOTTOTIK®OV ToPayOVI®V. Q6TdG0, G€ KATACTAGELS N0V GTPEG 1) TPOCUPLLOYT KoL 1
emBimon evvoolvTal, EVM GE IGYXVPO GTPEG EVEPYOTOIEITOL TO OTOTTOTIKO TPOYPOLLLLLOL.
[Tepdpata emiong tov gpyoctnpiov pog £deiEav OtL n mpwteivny P21 mailel kdmowo
POAO OTI UETATTMOT TOL GTPEG TOV EA 0NV TPO-0monTOTIKY QAGT. ZVYKEKPIUEVA,
ueimon tov emmédwv ¢ P21 mov eéaptdtol omd T0 petaypagikd mtopdyovia CHOP
eoatvetal 6Tt givon omapaitnTn Tpoimdheon 610 va Yivel ETaymYN TG AMOTTOONC, EVO
N KataotoAn ™G P21 mpocdidel ota kOTTAPO AVOEKTIKOTNTO GE TOPAYOVTIEC TTOV

endryouv otpeg tov EA [165].
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1.5 AGEs ko1 Xtpeg Tov EA

1.5.1 X1peg Tov EA ko Metaforkny Opordéotaon

To EA Bewpeitar g éva moATAOKO 3TKTVLO OV €EATAMVETOL GE OAOKANPO TO
KUTTOPOTAOCHO KOl Umopel var evTomilel Kot vo, HeTadidel ONUATO TOV TPOEPYOVTOL
amd OmolIMMOTE VIWOKVLTTOPIKS Slapuépicpa. Eumiéketar o€ Pacikég KOTTOPIKES
Aerovpyieg Omwc m  amobfkevon oaocPectiov Kot petoyoyn onuatog [167].
E&edwevpuéves mpwteiveg poplakoi-cuovodol kot EvCupo TOL GLUUETEXOVV GTNV
TPOTEIVIKY avadimAwon, 0nwg Exel avapepbel, eEAéyyovv v opotdotacn tov EA ota
KOTTOPO STNPOVTOS TV 160PPOTio LETAED TNG AvAYKNG TOL KLTTAPOL Yo chvOeoN
TPOTEIVOV Kol oot oavadimAwon tovg. [Mapdia avtd, Sdeopeg cvvOnKeg Kot
eEotepikd epebiopata eivar wovd vo datapaovy 10 Opo0oTATIKO TEPPAAALOV GTO
EA. Kataotdoelg 0nwg n mepiooeio Opentik®dy, 1 aviicTtaon GtV WVGOLAIVI Kol M
QAeyHOVI TOV GLVNOMC cLVEEOoVTOL PE TNV Tayvoapkio, ETdyovv 10 oTpeg ToL EA,
0étovtag oe kivduvo v Kuttopikny Aertovpyion [143]. Alleg Olatapoyéc mov
mpokarlovv otpeg Tov EA mepilapfdvovv v datopaypévn OpoldOGTOCT TOV
acPeotiov, TV amovcio evépyelag M yYALKOING, TIC OAAAYEG oOTo emimEd TOL
o&e1dmTIKoD oTpeC, TV oyouuia, Tig uetaAldéelg kat tig Aopméelg and 1vg [167]. H
«ouctnmpak)» punyovn tov otpeg tov EA amoteheital amd TG Tpelg TPOTEIVES
VTO00YElG oV glval aykvpofoinuévol otn pepPpdvn tov EA, tov PERK, tov IRE1
kot tov ATF6. Koatomv evepyomoinong ot vmodoyels aioOntipec emdyovv Evav
oNUaTodoTIKO Kotappdktn and to EA otov mupnva, to UPR. Apketoi xaboducoi
teheotég pvOuilovror and to UPR to omoio odnyel 6e mpocopuroctikny amdkpion,

avOdPOoTIKO EAEYYO Kot pOOLIGT TG KLTTOPIKNG poipag [168].

H mpocoppoyn apywd meptiapfPdver v €vepyomoinomn TV HOPLIKAOV
oLVOOMV Kol TV eVOOU®V avadimA®onG TPOKEWEVOL vo emitevydel evioyvuévn
dpACTNPOTNTO TPOTEIVIKNG avadimAwong. Avtd odnyel oty peiwon tov EOpTOL
gpyaociag oto EA dwapécov amowoddounong tov MRNA kor  e€acBévion g
LeTAPpaoNS KOOMG Kot 6 ALENUEVT] ATOIKOIOUN O TPMTEIVAOV OV oyeTilovVTaL e TO
EA kot v exkaBdpion ovemBountomv tpoteivov HEGm avtoeayiag. v Tepintmon
opwe, eminuog vrep-gvepyomoinong tov UPR, ot xvprot pvBuictéc tov UPR

amgvepyomoovvton poalli pe dAlo  koBodwd ONUATOSOTIKA HOplo DCTE Vo
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amoevyBovv ot Prafepég ovvéneieg [168]. To UPR eivar yi” avtd 1o Adyo, ektdg amd
NV KLTTOPIKn emPioon, vrevbuvo yia v TpdkAnon kuttapikoy Bavatov (Ewdva
1.35) [166].

[Ipdypat, oe xataotdoelg moapatetapévov otpec tov EA efoutiog eite
HaKpoxpoOVIaG €k0eoNG G€ VYNAY CLYKEVTPMOOT YALKOLNG 1| YEVETIKOV UETOAAAEEWV,
10 UPR evepyomotei vrodoyeig Oavatov (death receptors) diapéocov tav idiov Tpiov
Ao TPOV AEITOVPYOVTOS OC EVOG «OVASIKOG OOKOTTNGY KOl 0ONYMVTOS TEAKA

otV andéntmon [168].

O emProfeic cvvémeleg Tov avemiAvToL Ko TOPATETAUEVOD G6TpeS ToLv EA
OT®OC 1 TOPAYUEVT] OPOLOGTACT) TOV CPESTIO, 1) GLCCMPELCT| UM AVOIUTAMUEVOV
oWOTO TPOTEIVOV, N arOAEw ™G Aettovpyiog tov EA ko m amdmtowon €xovv
ovoyetiobel pe ) dnuovpyia TaBoAOYIK®V GUVONKAOV dTmg 1 PAEYHOVT, O dafNTNg,
N adnpopdtwon Kol veEupoeKPLASTIKES datapayéc. H opotdotacn tov EA eivon
Wloitepa ONUAVTIKY Yo TOV ovOp®dTIvo petafoMopd kabott cuvtovilel TV amdKpion
Olowv 1oV petafolMkmv opyavov pvbuilovtag t ovvbBeon kol Tov KoTOPOMGUHO
dwpopwv Bpentikddv. To EA ehéyyer ) odvBeon ¢ WGOLAIVIIG, TNV TPOTEIVIKY
avadimlwon kot odvBeon oto  moykpeotikd P-kotropo (Ewova 1.35A). O
peTaBoAoHOC TG YALVKOLNG TepthapPavel Kot Toug Tpels kKAdoovg tov UPR evmd to EA

EUTAEKETOL OTN UETOYPAPT TOV TEPIGGOTEP®Y YOVIdiwV mov puBuilovv v yAvkoln

[169].

[Tepapatikd {owd povtélo oto omoion vaipye ovemdpkeln tov UPR,
otoyeLVUéEVT otov vodoyéa PERK, 1 pnetdAlaln mov dakomTel TNV @GQOpLAIDGT
tov elF2a édeiéav elattopatikny yAlvkoveoyéveon oto nmap tovg [170] wou
EMOKOAOVON KVTTAPIKY] SOVGAEITOVPYIO OTIC TOYKPEATIKES VNGIOEC 1 KLTTOPIKO BAvaTO
nov oyetilovton pe v ékmtmon g Astrtovpyiog Tov EA [171]. EmumAéov, o€ movtikio
nov ekppdlovv 10 Bpavoua tov KapPosutedkov dxpov Gadd34 oto Nrap deiybnke
emiong TPOPANUATIKY] YALKOVEOYEVESN KOl UEWWUEVO MAATIKO YAVKOYOVO 1oL
odnynoav og mpoPfAnuota otn olayeipion g yYAvkolng katd tn dgpkel vnoteiog
[172]. Emmpdcbeta, to otpeg tov EA dSeyeipel petaypaeikd diktvo to. omoio
oToYehoVY YoVidlo MOV EUTAEKOVTOL OTNV Topay®yr YALKOLng kot T obvvOeon

YAVKOYOVOL OTTmG TN GLVOAoT ToL YAvKoYyOVoL-1, éva 6TdY0 Tov XBP1 [173].
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Ewévo 1.35: UPR-povondtio oty petaforkny pobuion [166].

‘Eva dAho ocvotatikd g unyoving tov EA mov gumiéketon oty mapoymyn
yAokolng oto Mmoap eivar o vmodoyfag ATF6 o omoilog puBuileton pécm
OAMANAETIOpOONG HE TOV  UETOYPAPIKO  GUV-EVEPYOTONTY] TOV  LETAYPOUPIKOV
nopayovio. CREB (CAMP response element binding), CRTC2/TORC2 (CREB-
regulated transcription coactivator 2). To otpec tov EA 0dnyei og amopwopopvrinen
tov CRTC2 kot £16006 TOL GTOV TLPNVA GE KOAMEPYELES KVTTAPWV OTOV TPOMOEL TNV
ékppoon  pubuotikdv yovdiov tov EA péow déopevong otov ATF6. H
evepyomoinon tov ATF6 eghoattdver v mopaywyn YAvkO(ng oto Nmop HECH
amocvvdeone tov  ovumddkov  CREB/CRTC2, avootéAlovtag €16l NV
aAnieniopaon tov CRTC2 pe vmokwvntég yovidiowv mov eumAékovtol o1

yAvkoveoyéveon [166].

H amokpion tov UPR gumiéketon emiong otov €Aeyyo NG KLTTOPIKNG

Mmoyéveong kabag 1o EA mailel puBuotikd poio ot cvvbeon tov Mmoapdv oémv
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KOl TNG YOANGTEPOANG. AVTO pecolafeitar amd TNV EVEPYOTOINGT TOV LETOYPOUPIKDV
napayoviov SREBPs (sterol regulatory element-binding proteins), ot omoiot
evromiCovtol oto EA [174]. Otov 1o enineda o1EpOAdV Kol tVGOVAIVIG &ivot younAd
ot SREBPs petatoniCovionr oto Golgi, 6mov vmofdilovior ce enelepyacio Kot
evepyomotovvtal [175]. To otpeg tov EA umopel vo endyel v evepyonoinon tov
SREBPs ka1 €161 va puBuilel  petoypoapr] Tov yovidimv otdymv Tov eUTAEKOVTOL
ot obvBeon Mmdiov (SREBPI1C) 1| oto petaforopd g yoinotepding (SREBP1a,
SREBP2) [176]. To otpeg tov EA emiong mapepPaivel 6to petafoMopd tov AMmidiov
0TO NP, 6€ GLVOVACUO UE TNV OUOIOGTACT TOV GdNPOL Kot TG YAvkong [166]
(Ewova 1.35B).

Emniéov, 10 UPR ocvvdéetanr pe tn onuotoddtnon tov oTpeg HEGH TOL
petaypagikot mapdyovia AP-1 kot pe ) @AEYUOVY HEG® ETAYWOYNS TOV LOVOTATION
0V petaypagkod mapdyovro NF-kB [177]. Ta povordtio avtd tailovv Eva KeVTpiko
poA0 oTig peTaforkég Olatapayés mov yopoktnpilovior amd avOUOAN OpAcm TNG
WGOVAIVNG Kol emaydpevn amd v moyvoapkio. eAeypovy. H aAdnAenidpaon tov
otpec 10V EA kot g pAeyHovig £xEl 000 OWYELS, e TOVG LECOAAPNTEG TNG PAEYLOVIG
KOl OPKETOL E€VOOKLTTAPIOL HOVOTATIOL VO, €YOLV L0 OPVNTIKY OLUPOAN otV
opotootaon tov EA. H oyéon avt) eivor eaptdpevn amd tov KLTTOPIKO TUTO EVEM
amouteiton mEPETAIP® EPEVVO MGTE VO TPOGOOPIGTOVV Ol aKPIPBElG HecoAafnTég Tng

evacOnoiog Tov Kdbe KVTTAPOL GTN EAEYUOVT] KoL TNV opoldotact Tov EA.

1.5.2 Mopwkn dwwcvvopirio petald onpatodotnong tov AGES ko tov otpeg
Tov EA

H mpoyopnuévn yivkolvMmorn oOviag évag Pocikdc evepyomomTng Tng

QAEYLOVAOOVG amoOKplong, G vro&iog kol Tov 0EEWMTIKOD oTpeg B pmopovoe

emiong va epumiéketan ot puouion g opowotaong tov EA (Ewova 1.36).
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Ewéva 1.36: Mopiakn| dtacvvopidia g onpotodotnong tov AGES kot tov UPR [166]

Agdopévo mov vrootnpilovv TV VIOOECN, TS AUECNC ETAYMYNG TOV GTPES
tov EA and 1o AGES mpoépyovior amd v mpwtdtunn perétn tov Chen ko
ovvepyatwv [178], 6mov modokOtrape amd movTiKi TO Omoio. KoAAEepynOnKav
napovoio AGES, édei&av avEnuévn ékepaor tov GRP78 (deiktng tov otpec Tov EA)
Kol amoOmTOon Katd éva 0060- Kot ypovo-ggaptopevo tpdmo. H emidopacn ovty
akolovOnnke amd avénon TV emmEdV  €VOOKLTTOPKOD acPectiov Ko
TopeUmodioKe amd 10 Tavpoovpcodeo&uyoikd o&H (tauroursodeoxycholic acid),
évav avactoréa tov EA pe Agtrtovpyio poploakod cvuvodod o omoiog mpodyel To v
OWOTH TPOTEWVIKY avadimimon kot dakivnon. H avacstoAr g andntmong, | omoia
TopaTNPNONKE YPNCIULOTOIDOVTOS OVTOV TOV OVOGTOAEN VTOONADVEL TNV EUTAOKT] TOV
amontetikoy povoratioy tov UPR ot pecoddfnon tov emdpdcewv tov AGES
napd TV kavovikny onuatoddtnon tov AGES péoo RAGE, amokaAidntoviag évov
VEO GNUOVTIKO UNYOVIGUO OV EUMAEKETOL otV dwfnTikn veppomddewo [178]. Me
éva mapopotlo Tpdmo, 6TV avlpdOTIVOL 06TE0POHPLTIKG XOVOPOKITTAPO EKTEOMKAY GE

AGEs, mapatpnOnke avénuévn éxepacn m¢ GRP78, tv omoia axoiovOnoce
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avénuévn mapayoyn wtepievkiving-6 (interleukine-6, 1L-6) xou IL-8 (interleukine-8,
IL-8). H emidpaon avt) mpoaypatomombnke pe tn pecsordapnon tov RAGE, péow
evepyomoinong g p38 MAP kwvdong, mapéyoviag £vov EVOALAKTIKO UNYOVIGUO O
omoiog ocvuPaier oty maboyéveon tg ooteoapOpitidac [179]. Metayevéotepeg
peAéteg pe avBpomivoug depuatikovg woPAadoteg €dei&av 6Tt M deo&uyAvkolovn
(mpddpopo popen AGE) oyetiletor pe v emaydpevn omd to otpeg t0v EA
AMOMTOOTN. LVYKEKPIUEVA, TO TPOTOTOMUEVO omtd TV 3-dg0&uyAvkolovn KoAAoydvo
tOmov I endyet 10 0EEIBMTIKO GTPES Ko TNV ATOTTMOOT OOUEGOD TOV LOVOTATION TOV
o1peg 10V EA, péow evepyomoinong tov CHOP, kot 6yt péow tng onpatoddTnong tov
RAGE [180], napéyovtog pa ovvoeon petaéd tov AGES kat tov otpeg tov EA oty
nafoyéveon TV OPNTiKOV TANYOV. Mo GAAN perétn og evooOniakd KOTTOpO 0o
Boglo aopt To ooin ETMACTNKAY UE 0EEIOMUEVT] YOUNANG TUKVOTNTOG ATOTPMOTEIVT
(low-density lipoprotein, LDL) éde1&e avénuévn €K@poot TV SEIKTMOV TOV GTPEC TOV
EA, GRP78, p-PERK «xot evepyomomuévov ATF6 pe 1t pecordpnon g
evepyomomuévng omd AMP mpoteivikng kwvaong [181]. To oamotedéopota avtd
oLVOOEVTNKOV MO SLOTAPOUYUEVT] OYYELOOCTOAN] TOV €vooOniiov Kot emakdAovOM
evooOnAlaxn dvcAettovpyion og movtikia ota omoia yopnyndnke odilaita TAovoila og

Mmopd.
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2. XKOIIOX

YKOTOC TNG EPEVVNTIKNG ALTNG epyaciag eivar n depedvnon g emidpaong
TOV TEMKQOV TPoidviv mtpoywpnuévng YAvkoluiioong (AGEs) and eEwyevelg mnyég
010 &vooONMo kabBmg kol o610 avamapaywywkod ovotnuo PAcel HEAETNG TOV
EVOOKLTTAPIOV UNYOVICH®OV pHeTaywyng onuatog twv AGEs oe @uolodoywkd kot
TaBoA0YIKO 10T0. XVYKEKPYEVO, 01 GTOYOL TNG TAPOVCAS LEAETNG TEPIAAUPAVOLY TN
dtepedvnon tov mlavov  povomotidv g onuatoddommons AGE-RAGE  oe
KOAMEPYELEG EVOOOMAMOKOV Kol ©OOINKIKOV KLTTApWV HETE amd TN Yopnynon
armopovouévav popeov AGEs kaBdg emiong kot ™ HEAETN TOV  HOVOTATUDV
petoyoyng onfuatog tov AGEs og mafoloyikd Kot @ucslohoyikd evooniokd Kot
®oOnkkd 1010, acbevav pe dwPrTn Kot GOVOPOUO T®V TOAVKLOTIKOV MOONK®V
(ZI1Q) mov mapovstalovv avénuévo €vOOyevr] €MIMEdN AVTOV TOV HOpiwv otV
Kukhogopio KaBdg Kol avénuéviy CLGOMOPELGN TOVG GE  JLAPOPOVS 1GTOVC.
[MapdAinio oKomd TG HEAETNG OMOTEAEL 1] OIHAEVKOAVOT) TOV HOPLOKADOV UNYOVIGLOV
YOVIOLIKNG pOOong yovidiov otoywv tov enaydpevov armd to AGEs povomatunv
ONUOTOOOTNONG UECH OEPEVVIONG TNG CULUUETOYNG CUYKEKPIUEVOV UETOYPAPIKDOV

TOPAYOVIOV.
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3. YAIKA KATI MEGOAOI
3.1 Kvtrapokaiirépyereg

Xpnowonmombnkay ot €ENG TLUMOMOMUEVEG KLTTOPIKEG OEPEG eVOOOMAOKNG Kot
®o KNG TpoéAgvong avticToryo.:
e HAECs (Human Aortic Endothelial Cells): AvBporva aoptikd evéodniiokd
KOTTOPO
Emiong ypnowomomOnkav otr mpwrtoyevels kuTtTtapikég oelpég evOoOnAloKNg Kot
®oOnKiKNg TpoéAgvong avtioTorya:
e HUVECs (Human Umbilical Vein Endothelial Cells): AvBpomwva
evooOnAlaKd KOTTOPO OUPAMKNG PAEPOG

o  Kotrapa 0Mkng and wodnkeg enipvwv (rat theca cells)

OMlot o1 yepiopol TV KLTTAPOV &yvav o€ KATAAANAO OdAapo oteipov
ocuvOnkov (BGAaIOC VNHOTIKNG poNc) Kot pe Paom tovg mpoPAETOUEVOVS KOVOVEG
VY1EWVNG Kot acpdAretoc. Ta kdttapa dttnpndnkav e TAAGTIKEG PAACKES ETIPAVEING
25-75cm? N 0€ LIKPOTTAGKES KOAMEPYELQG, OTTOV OVTO NTAV ATOPAITNTO, GE EXWOCTIKO
KAiBavo pe otabepéc ocvuvOnkeg Ogppokpaciog 37°C, vypaciog 95% kot 5% CO,,
TaPoVGio KATAAANAOL OpENTIKOD HEGOV.

Yvykekpyévo to. HAECs mpounfBevmkav ondé v ECACC (European
Collection of Cell Cultures) kot koaAlepynOnkav ce €101k6 Yoo evooOnAlakd KuTTAPOL
Opentiko péso M200 gpmiovtiopévou pe to copmAnpope LSGS (Low Serum Growth
Supplement) mov Teptéyet epPpuikd Bosto opd (FBS, Fetal Bovine Serum) (2% Vviv)?,
vdpokopTLovN (1 g/mL)l, avBpomvo emdepuikd avéntikd mtopdyovto (hEGF, human
epidermal growth factor) (10 ng/mL)®, Baocwd avéntikd mopdyovto woPAactdv
(bFGF, basic fibroblast growth factor) (3 ng/mL)*, nmapivy (10 g/mL)*, yevtapvkivn
(50 pg/mL)" ko appotepucivn (50 ng/mL)".

Ta amopovopéve HUVECs xolliepyndnkav oe Opentikd péco mov
amotehovvtoy amd 10 Poacikd Opemtikd M199 eumiovticpévo pe 20% BOepuikd

adpavormompévov FBS, 100U/ml mevikidivny, 100pg/ml otpemntopvkivn, 0,25pg/ml

1.. ' ' . . ' . . .
OAeg oL avadepOueveg TLUEG adoPOoUV OTNV TEALKI) CUYKEVTPWOT TWV OUCLWY OTO BPEMTIKO HETO.
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apgotepikivn B, myn apvo&émv yhovtopivn kot pubuotikd didAvpo HEPES, ndvem

€ TPO-EMOTPOUEVEG pe Cehativn? TAGkeg KOAMEPYELLC.

Ylika

Dulbecco’s modified Eagle’s medium/F-12 (L-yAovtauivn, 4,5g/L D-yAvkoln,
TLPOGTAPLAKO VATp10, Invitrogen)

Medium M200 (Invitrogen)

Low Serum Growth Supplement (Invitrogen)

Medium McCoy’s 5A (Sigma-Aldrich St. Louis, MO)

Fetal Bovine Serum (FBS) (euppuikdc fosiog opog, Invitrogen)

Bovine Serum Albumin (BSA)

Insulin (100ng/ml) (Lilly, Indianapolis, Indiana, USA)

Antibiotic/ Antimycotic (100X) (10000U/ml revikidivny, 10000ug/ml
otpentopvkivny kot 25ug/ml appotepikivn B, Invitrogen)

L-glutamine (100X) (200mM, L-ylovtouivn)

Trypsin-EDTA (0,5%w/v 6pvyivn kot 0,53mM EDTA, Invitrogen)

PBS (PvOuiotiko didAvpo poopopik®dv arldtmv, 137mM NaCl, 2,7mM KClI,
8mM Na,HPO,4 x7H,0, Invitrogen)

Tumor Necrosis Factor-o (TNF-a, mopdyovtac vékpmwong OyKmv-o)

HEPES [covAigovikd N-(2-vépo&vaibvro) mimepalvo-N'-2-
a10avio](Invitrogen)

Human fibronectin (Sigma-Aldrich St. Louis, MO-Aldrich)

Tunicamycin (tovvikapvkivn) AppliChem (Darmstadt, Germany)

Human gelatin (Sigma-Aldrich St. Louis, MO-Aldrich

2 . ' ’ . . ' i
Mpoetotpdletal udatikd SlaAlpa Ledativng 0,1% oTn CUVEXELQ OUMOCTELPWVETAL O AUTOKAUoTO. OL

KOAALEPYNTIKEG eTdAvELEG Ttpo-emioTpwvovTal (ry 75dpa ¢Adoka pe 3 ml) kat adrivovral oto

Balapo vnuatkig pong yior 15-30 Aemtd. Avapoddtol To MapAUEVOV UYPO Kol OTTOUOKPUVETAL TO

KOTIAKL WOTE Vo oTEYVWOEL N emudavela yia GAAa 30-60 Aerttd. H emiotpwpévn pe {ehativn pAdoka

umopet va Stotnpn Ot oto YPuyeio £wg 2 pnve.
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Toromomuéveg uoppéc AGEs

e TAwo&aln (G: Glyoxal)(Sigma-Aldrich St. Louis, MO)

e  Mébvlo-yAvo&ain (MG: Methylglyoxal)(Sigma-Aldrich St. Louis, MO)
o  Kappoé&u-pebui-Avcivn (CML)

e AGE-bovine serum albumin (AGE/BSA) (Abcam, Cambridge, UK)

3.2 ATopévemon TPOTOYEVAOV KVTTAP®V

3.2.1 Amopovoon evoodnioxk®dv kuttdpov HUVECs andé opgarikn ¢réfa

Ta HUVECs amopovadnkoav amd eAEPo opeaiiov AOPOv UETA Omd ENTMAOT
pe 0dAvpa KoAAaYevAoNg COLP®VO LE TO TPOTOKOAAO TTOV TEPIYPAPETOL OO TOV
Baudin kot cvvepydrec [183]. To tunua opgoiiov Adpov AauPdvetor PeTd omd
KOIOOPIKY TOUN M META omd QLOIOAOYIKO TOKETO Kot Ttomobeteital oe €101k
pvOuoTikd  ddAvpa  poceopikedv ordtov (PBS, Phospate Buffered Saline),
EUTAOVLTIOUEVOL pE avTBloTikd (TEVIKIALVY, OTPERTOUVKIVY, KOMGOTIV) Yo TNV
ocuvinpnon kot T HeToeopd tov. To SAvpo HETOPOPAS, APOD TOPUCKEVOCTEL
KaBmG Kol PETA TNV TOT0HETNON TOL TUNUATOS OUPAAIOL ADPOL, PLAACCETOL GTOVG
4°C evd 1 Sodikacio amopdvmong Tmv evoodnAakdy KuTtdpmv TpoyHaTonolEita
EVTOC 6 wp®V amd TN ANYN TOL 16TOV.

To Tuqpa opoiiov Adpov HeTaPEpeTal 6€ BAAOUO VNUOTIKNAG PONG, OTOL
AapPaver yopo m OAN S0dKAGI0 TG AMOUOVMCNG VO OTEIPEG GLVONKES. ApyiKA
petapépetor TpiAio pe PBS 6mov Eemiévetan kKo amopakpvuvovtal ot Tuyov Opopfot
amo ™ eAEPa pe ) Ponbela mAbcewv pe PBS mov yivovton pe ) ypnom ovpryyog omd
TO GTOO TOV ayYeiov. TN GLVEXELD TO TUNLLK OUPAAIOD ADPOV BEVETAL LE TN YPNOT
paupoTog moAvapdiov (véilov) amd 1o €va dvotypo kot amd to AL dvotypo
gyyoetar 01dAvpo kKoAAayeviong 0,2% oto €0MTEPIKO TOL AVLAOL NG OUPAALOG
QAEPaG Kot akolovBwg dévetar pe T ypnon paupatos. To tunua opeoiiov Adpov
OV TEPLEYEL TO ddAVpO KOAAyeEVAONG ToTobeTeiTO GE SOKIHOGTIKO GCOANVO TOTOV
falcon twv 50ml o omoiog mepigyel PBS kot emwdaletan og vdatorovtpo otovg 37°C
vy 10 Aemtd.

Metd 10 TEAOG TNG EMADOCTG OPAPOVVTOL TO PALLUATO OO TO TUN O OUPOAIOVD

AOPOL Kot TO TEPLEYOUEVO ddhvpa KoAlayevaong ekmAévetar pue 30 ml PBS pe
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BonBeta cvpryyoc mov epoppoletar 6to £vo dvorypa Tov oyyelov Kol GUAAEYETOL GE
JoKIHaoTIKO cowinva TOmov falcon twv 50ml, o omoiog mepiéyet TANpeg BpentiKd LEGo
kaAépyeag tov HUVECs (kepdiato 3.1). X cuvéxewn 10 dtdAvpo KOAAOYEVAOTC
pe to  exkmiopato. PBS kor 10 mAnpeg Opemtikd  koAMépysiog oto falcon
evyokevtpovvtarl oto 750 g ywoo 10 Aemtd. Kotdmiv, 10 vrepkeipevo amopakpvverol
HE amOYLoT Kot To KOTTOPO HETPAOVTOL Xpnoluonmoiwvtos ) pébodo ypoong Trypan
Blue (KepdAaio 3.3).

Ta kOttopa and kdbe delyuo koAlepyovviar o TAAKES KOAMEPYELng €51
opeatiov (epPaddv empaveiog 9.6 cm?/ppedtio). Xe kdbe @pedrtio tomobetovvran
nepimov 40.000 kotTopa. Ot mAdKkeg KaAMEPYELOS ExOVV TPOEMOTP®OEL e dtdAvp
QUUITPOVEKTIVIG TPOKEWEVOL va dnovpyndel éva vdoTpopa dote vo evioyvdei n
TPOGKOAANGON TV evoodnlokdv xvttdpov. H emiotpoon pe 10  O1dAvpa
QUUITPOVEKTIVIG TPOYUOTOMOLEITAL TNV TPONYOVUEVT] MUEPO TNG OTOUOVMOCNG TV
KUTTAP®V KOAVTTTOVTOG TNV empaveln kdbe @peatiov pe pio otaydvo SADUOTOG
QUTPOVEKTIVIIG KOL OQNVOVIAG GTN GULVEYEW VO OTEYVAOGEL KAT® om0 OTeElpeg

oLvONKeG.

2viloyn dsyuatwv

H ovAloyn tov derypdtov, Tunpe opeaiiov Adpov kot Proyio mofnkng yio
™V amoudveon evooInAakdv Kol modnKik®v kuttdpmv, Oa mpaypatorombei oty
B" Maevtikry kot vvoikoroywkny Kiwiwkn (AevBoviic Kof. I'. Kpeotodg) tov
Apetaiciov Noocokopegiov ocopeova pe mpovmdpyovca £ykpion g Emurponng
Aeovtoroyiog tov Noocokopeiov v v 0100KTOPIKY OTpPr] TOV VITOYNPLOV

dddxropa I'edpyrov Mrovtliov (Apd. TTpwtokdirov: M-104/07/02/2008).
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3.2.2 Amopovemon kKottapov kg and emipves (Rat theca cells).

H amopdvmon kuttdpmv ONKNg emTuyyavetor and moONKeg ovomapayykd
avopuov (29 nuepodv) Nréov enipvwv Sprague-Dawley copugwva pe tovg Duleba
Kol cvvepyateg [184, 185]. Xtovg emipveg TpaypaTomolovvTon KoOnUepva o TPES
nuépes (277, 281 kot 29 pépa) vroddpleg evéoelg 17B-ootpadioing (1 mg/0.3 ml
onocopéAoov) MoTe Vo glval cuyypoviotel 1 avamTuén TV ®oONK®V TOoLvg Kol M
avénon TV TPITOYEVOV 1 YPUPLIOVDV moBvAakimv>. [Tepimov 24 opeg petd v
terevTaio £veon 01eTPadOANG Ta (Mo avalsONTOmo100VTaL LE EVOOTEPITOVAIKT) EVECT)
ketoptvng-Euialivng kot petd amd evookopdlaky opodidyvon pe t xpnon 0,9 %
oAoToOYoL SWAVUOTOS QPAPOVVTOL Ol MWOONKEG TPOKEWEVOL VA aKOAOVONGEL M
OTOLOVMOT TOV KLTTAPWV TNG ONKNG HETA amd MiOPAoT] OLOAVUATOS KOAAXYEVAGTC.
€101KT] ATOUOVMOT TOV KVTTAp®V OMKNG Tpayratomoleitol HEc® PBEATIGTOTOMUEVNG
dwdwkaciog euyokévipnong oe owdAvua dwPabucpévng mokvotntog Percol. Ztm
OLUVEXEWL  TPOypotomoleitol  KoAMEpPyEww TV Kuttdpov  Onkng. Ot

KUTTOPOKOAMEPYELES AVTEG TPOLYLOTOTO0VVTAL PE PEYIOTY Otdprela (mng 48 mdpec.

e Onivkoi emipveg Sprague Dawley — 27 nuepov (Ivetitovto Pasteur)

e Ototpadioin (Sigma-Aldrich St. Louis, MO)

e Sesame oil (Sigma-Aldrich St. Louis, MO)

e Amootelpopéva pYALED AVATOUNG KO LKPOYEPOVPYIKA EPYOAELR KO LIKPO
KOUUATL ohovuvoyaptov, TpAio

e M199 with Hank’s Salts (Sigma-Aldrich St. Louis, MO)

e McCoyba (Sigma-Aldrich St. Louis, MO)

e L-Glutamine (Invitrogen)

e Antibiotics/ Antimycotics (Invitrogen)

e BSA (Sigma-Aldrich St. Louis, MO)

® To TMipog BP0 ®OBVAGKLO OVOALETOL TPITOYEVES | YOOV mOBVAGKIO Kat ivat ETOLO Yio:
woppn&ia
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3.3 Aoxpacia pe ypnon ypootikis Trypan Blue

Apyn s ueboodov

H doxipacio anokAelGo0 KuTTdpmy HEG® YPDOONG OMOTEAEL oL QAT KoL Toryelia
néB0do mPOGdIoPIGHOL TG PLOCIUOTNTOG KVTTAP®V TOV PPIicKOVTOL GE EVALOPTUAL.
Boociletar omv apyn 6t 1o {oviavd kOTtopo SbEéTovv aképotn KOLTTOPIKN
pepPpdvn m omoio amokAeiel v €i6000 GLYKEKPUEVOV ¥POCTIKOV OTTw¢ 1 Trypan
Blue (Kvavobv tov Tpumaviov) oe avtiBeon pe to vekpd wOTTOpPO GTO OTOin
gloépyetan n ypwotikn. Emopévec oopeovo pe ™ dokipacioc avtn, éva {ovtavo

KOTTOPO B £xEL O10VYEC KLTTAPOTAACHO EVOD Evar vekpd Ba Exel UTAE KOTTOPOTAAGLLOL.

Yiixa
e Dulbecco’s Modified Eagle Medium-DMEM (Invitrogen)
e Fetal Bovine Serum (FBS) (Invitrogen)
e Antibiotic/Antimycotic (100X) (Invitrogen)
e PBS (Invitrogen)
e Trypsin-EDTA (Invitrogen)
e Trypan Blue (Invitrogen)

Heprypopn ueBoooloyiog

Ta wOttopo  a@oh omoKOAANBOOLV omd TNV  EMPAVEID  KOAAEPYELOGC
YPNOOTOLDVTOG SLAALI Bpoyivng, apaidvovTol pe BPENTIKO LAIKO, HETOPEPOVTOL
oe coMveg TOmov falcon dykov 15ml kot puyoxevipovviat otig 1500rpm yo 5 Aentd.
To vrepkeipevo amoppintetar kat o nuo TV KLTThpOV enavaiwpeitor og 1-5mli
Openticod. Amd 1o KvTTOPWKO evoumpnua Aapfavovtor 10ul kot avapryvoovton pe
10ul dwivparog Trypan Blue kot tomoBetovvion o apatoxvttapduetpo Neubauer

O6mov pLeTpovvTaL To LOVTOVA KUTTOPN GTO HMKPOCKOTIO.
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3.4 Aoxipacio MTT

Apyn s ueboodov

H tpormomompévn pébodoc tov MTT otnpiletar oty mapoatipnon 6t 10 Kitptvo Ghog
tetpaloriov [3-(4,5-dimethylthiazolyl -2)-2,5-diphenyltetrazolium bromide] avdayetat
amo PETARBOMKAOC EvEPYA KOTTAPO AOY® TG dPAoNG TG NAEKTPIKNG apLIpOyoVAoNS
tov prroyovopiov. To teAkd amotélecuo eivor 0 oynUATICHOG adldALTOV pHof
KpuotdAhwv  eopupoaldvng mov  ameAevBepdvovion  omd  TOL  KOTTOPO KO
dwAvtomowovvtalr pe v wpocsHnkn eompomavorng. Ov  kpOotaArot  avtoi
Tapovctdlovy pHEYIeTo amoppoenong oe @dopo 500-600nm pe pnkog KOUOTOG
avaeopds to. 690nm. Me ) pébodo avtr mpoodtopileTon N HETOPOAIKY evepyOTNTA
TOV Hroyovopiov kot kot eméktaon pmopel vo exktyunfel - {otkotro TOV

KLTTAPp®V.

Yiika
e Dulbecco’s Modified Eagle Medium-DMEM (Invitrogen)
e Fetal Bovine Serum (FBS) (Invitrogen)
e Antibiotic/Antimycotic (100X) (Invitrogen)
e PBS 1X (Invitrogen)
e Aidlvua gpyociog
250ml DMEM phenol red free (Invitrogen)
1ml NaHCO37,5% wiv
2,5ml NEA (Invitrogen)
2,5ml HEPES 1M (Invitrogen)
5mg L-yAovtapivn (Sigma-Aldrich St. Louis, MO)
e 5 mg/ml Thiazolyl blue C1sH16NsSBr (MTT) (Sigma-Aldrich St. Louis, MO)

e Iconpomavoin (Merck)

IHeprypapi uebodoioyias

Ta kOtropa emoTpdvovior ce Tyadol HIKPOTAGKAS KoAAEpyelag 96-0écemv, e
apyun| mokvotnta 1000 kdtTapo/anyddt o TANpeg Bpemticd VAIKO. Metd amd 8 dpeg
10 OpenTIKG VAIKO amopakpHveToL Kot TpooTifetat Opentikd vAKS ywpic opd FBS kot

10, KOTTOpO. emwdalovton you 16 dpeg otovg 37°C. Xtn cvvéyela, mpootibetar o opdc
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TOVTIKIOV Kol oto Oetypoto pdptupeg mpootibeton FBS. 48 dpeg apydtepa, 10
VIEPKEIEVO dtdAvpa amopakphveTal, akoAovBel TAVoN TV Kuttdpov pe PBS kot
npooOnkn  100ul  Swidpatogc MTT (mopackevaletor pe mpootnkn  0,05g
avtpaotnpiov MTT oe 8ml doddpatog epyasiog kot 2ml PBS). Metd v endoon
3 opdv otovg 37°C, 0mopaKPOVETAL TO DVIEPKEILEVO TMV KLTTAP®V, SIUAVTOTO100VTOL
ol kpvotarrot @oppalavne pe 100ul wompomavoing kor peTpdTon M OMTIKN
mokvotTTa (amoppoenot) o€ punkog KOpatog dokiung S50nm (ODssonm) Kot pnkog
KOpoTog avaeopag 690nm (ODggonm) pe potopetpo Hitachi U-2000.

3.5 ATopévmon OAKAOV TPOTEIVIKAOV EKYVAIGPATOV

Yiixa
e Dulbecco’s Modified Eagle Medium-DMEM (Invitrogen)
e Fetal Bovine Serum (FBS) (Invitrogen)
e Antibiotic/Antimycotic (100X) (Invitrogen)
e PBS (Invitrogen)
e Trypsin-EDTA (Invitrogen)
*  AvVaoTOAEIS TPOTEACHV
- Meiyua avaotorémv tpoteacmv 100X (Protease inhibitor Cocktail
Kit, Thermo Scientific)
- 1mM PMSF (phenylmethanesulfonylfluoride)
* AvVooTOAElS QOGPATACHV
- 2,5mM sodium pyrophosphate,
- 50mM NaF (sodium fluoride)
- 1mM B-glycerophosphate,
- 1mM NazVO, (sodium orthovanadate)
e Aidlvua RIPA (Thermo Scientific)
25mM Tris-HCI (pH 7,6)
150mM NaCl
1% NP-40

1% Aeo&uyoikd vatpro

0,1% SDS (Sodium Dodecyl Sulfate)
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Heprypapiy uebodoioyias

Ta kottapa exknAévovtar pe PBS kot wpootifetar didlvpa Opovyivng ya 5 Aentd
otoug 37°C. Ztn ouvvéyewn, 1 Opvyivn omevepyomoteiton pe v mpoobnikn iong
nocottog Opentikov vAkodh DMEM gumhovticpévou pe 10% FBS kot ta xdtTopa
aeov amokoAANBovv euyoxkevtpovvion otig 1000rpm yio 5 Aemntd. To ilnupoa tov
KUTTOpoV SloAivtonoteitoan o 100ul dwdvpatog RIPA ot10 omoio €yl mpootebei to
piypo ovooToAL®V TPMTEACOV Kol QOCEATOCOV KOl OQVETOL 6TOV TTayo Yy 20
Aentd. To xuttapkd ekyviiopa mov Tpokvmtel puyokevrpeitor otig 14000rpm yuo 10
Aemtd kol cLAAEYETOL TO VIEPKEinEVO To omoio Swutnpeitar otovg -20°C yia Gueon
ypion N otoug -80°C yio pokpompodOeoun yprion. H pétpnon g cuykévipmong g
OMKNG TPMOTEIVNG TOV KLTTOPIKOV eKYLAGHaTOC Yiveton pe ) Pondea g pebodov

Bradford (Kepdioto 3.8).

3.6 ATop6veOo KUVTTUPOTAUGHATIKOV TPOTEIVIKOV EKYVAMOUATOV

H amopdévoon 1ov KuToGoAMKOD Kol TUPNVIKOD TEPIEXOUEVOD TPOYLOTOTOWONKE
obuemva pe tov Schreiber ko cvvepydteg (Schreiber, Matthias, Muller, & Schaffner,
1989). ITwo ovykekpéva, cLAAEXOMKOV mEPiTOV 0.5-1x10° KOTTOpPO OO TNV
kaAMépyea towv PDL kvttdpov, exhovotkav pe 10ml TBS (+10mM NaF) (Tris
Buffered Saline) kot guyoxevtprinkav. To xuttopikd inua eravormpndnke ce 1ml
TBS (+10mM NaF), petagépbnke oe cowinveg eppendorf kot Wnuatonomdnke Eova
e @uyokévipnon v 15 devteporenta. Metd v aeaipeon tov TBS, 10 {lnua
emovoiwpnnke oe 400ul mayopévov egicoppommrticod dwivpartog (buffer A), o
omoio mepieiye 10 mM HEPES pH 7.9; 10mM KCI; 0.1 mM EDTA; 0.1 mM EGTA;
1 mM DTT; 0.5 mM PMSF. Ta kottapa apédnkav otov mdyo ywo 15 Aentd kot ot
ovovéxewr  mpootédnke av 25ul dwAidpotog 10%  Nonidet NP-40 wor 710
opoyevomoinuo.  ovodgvtnke  ywoo 10 devtepdrenta. To  opoysvomoinua
euyokevtprOnke ywo 30 devtepdAenTa Kot TO VIEPKEILEVO SIAVLA TTOV TTEPLELYE TO
KLTTOPOTAACUATIKO eplexOpevo Kot 10 RNA petapépbnie oe Katvovupylo coAnvakt.
AxolovOnoe amobfkevon otovg -80°C éwg Otov yivel 0 meportépm Kabupiopdg TOLv
RNA.
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3.7 ATopdvemcen TUPNVIKOV TPOTEIVIKOV EKYVAMOUATOV

To mopnvikd nua amd to kepdiaio 3.7 emavarmpndnke oe S0ul evdg tpitov
nayopévov buffer C (20mM HEPES pH 7.5; 0.4 M NaCl; 20% Glycerol, 2mM
MgCl12; 30mM NaF; 0,1mM Na3VO4; 2 mM DTT; 2 mM PMSF; 5Sug/ml aprotinin,
2ug/ml leupeptin) Kot 10 cOANVAKL avakwvnOnke tepiotpoPikd yio 30 Aemtd oTovg
40C pe tavtoypovn avddevorn oe vortex ovd 5 Aemtd. To mupnvikd amdcTOypo
puyokevipnOnke ota 15000 x g otovg 4°C yioo 10 Aemtd Kol TO VAEPKEIUEVO

anobnkevtnke otovg -80°C.

3.8 [TocoTiKOG TPOGILOPIGNOS TPOTEIVOV pe TN péBodo Bradford

Apyn s uebooov

H pébodog Baciletor oty mopatnpnon Ot 1 HEYIGTN amoppdPnomn Tov OEVOoL
dwidpatog g ypwotikrlg Coomassie Brilliant Blue G-250 oAAdler amd unkog
KOHOTog 465nm o€ 595nm OtV OEGUEVETOL OE TPMOTEIVIKA LOPLO. XPTCIUOTOUDVTOG
o¢g mpdtumn ovcia aAPovpivn amd Poéswo opd (Bovine Serum Albumin, BSA)
KOTOOKEVALETOL YPOUUIKTY KOUTOAN ova@opds auEAVOUEVOV GUYKEVIPMOE®MV TNG
TPOTEIVNG 0 GYEON UE TNV OOPPOPNGT TOV SWAVUATOS GE UNKOG KOUATOG 595nm.
Me Bdon v TpoOTLAN KOUTOAN Kot TNV £EICMOT TOL TPOKVTTEL OO OVTY|, LTOPOVUE
V0. TPOGOIOPIGOVUE TN GLYKEVIP®ON TNG TPMTEIVNG Tov VIO eEETOION OElYHOTOG e
Baon v Ty ¢ aroppdenong mov divel oto 595nm, dtav enwootel pe 1o dtAvpa
™G xpwotTikng. o ke detypa,  ocvykévipoon g Tp®TEIVG Tov LIoAoyileTon

TOALOTAAGLALETOL LE TNV OPYIKT apaincT) oL £YVE GE aVTO.

Yiika
e Avtwpaotipro Bradford: Xpwotikr| G-250 cg dtdlvpa 9ocpopkov 0£E0G Kot
peBavoing (Quick Start Bradford Dye Reagent 1x, Biorad)
e TIpétumo dudvpa odBoopivig (BSA) og cuykévipwon 2mg/ml

I eprypapin s pedooov
Ye owAnveg tomov eppendorf dykov 1,5ml mapackevalovror mpdTLMAL
dwAvpata aAfoopivng ovykevipooewv Opg/ml, 125pg/ml, 250pg/ml, 500pg/ml,

750pg/ml, ko 1000pg/ml, 1500pg/ml kot 2000pg/ml. Amd «éBe €éva ond Ta
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dwAvpata avtd petapépovtal 20ul oe véo eppendorf 6mov mpootiBeton Iml
avtpaotnpiov Bradford kot axolovBei avadevon kol emmoon o€ Oeppokpocio
doupatiov v 5 Aentd. H potopétpnon tov detypdtov mpoypotonoleitol péca o
dotnua pikpoTeEPO ™S 1 dpoc, KoTd TN S1PKELD TNG OTOT0G TO GUUTAOKO TPMTEIV-
YPOOTIKY Topapével otafepd. Aeol mpaypatorombel - mpOTLAN KAUTOAN, T
npoTeEVIKG detypata apatdvovtol 1:10 (tehkdg 6ykog 20ul) pe 81 amoviopévo vepd
Kol 670 dtAvpe avtd mpootifetal Iml aviwpacstnpiov Bradford. Qg tvepAd delypa
Y ™ eotouétpnon ypnowonoteitar dwdAvua RIPA-avactoléwv (Kepdiao 3.7)
apoawpévo  (1:10) pe o1 oamoviouévo vepd tehMkov Oykov 20ul kot 1ml

avtwpaoctnpiov Bradford.

3.9 Awyopiopiog mpoteivav pe SDS-PAGE niektpo@iopnon

Apyn s uebooov

H niextpopdpnon Sodium Dodecyl Sulfate (SDS) oe mnit moAvakpovAiapidiov
(Poly Acrylamide Gel Electrophoresis-PAGE) ypnoiponoteitar gvpémg yio v
extiunon tov popwkdv Popodv tov mpoteivov. H mnkm molvoakpvAopudiov
oynuotileTon pe ovtiopaon GULUTOAVUEPIGHOV okpvAadiov kot N,N’-pebvievo-
dtoakpvAapdiov  (avidpactiplo dwotavpwonsg). Oco  peyaivtepn elvar m
OLYKEVTPMOT] TOV OKPLAOUOIOL TOGO HIKpOTEPO givar to UEyebog TV TOPWV TNG
kNG O molvueptopdg yiveton mapovasio piag ovoiog mov mepiéyel erevbepeg pilec,
Y. VePOelikd appmvio (amapyntig) Kot vog KatoAvtn, .. TEMED mov katoivet
™V avtidpoon oynuatiocpol erevbépov pillav. Teakd ot eAevBepeg pilec KataAbovv
mv avtidpaon moAivpepiopod. H 6An avtidpoon moAvpepiopod mpémel vo yiveton
amovcic Oz, apod avtd decpedet Tig ehevBepeg pileg, He OMOTELEGLLO VO CTAUOTAEL 1)
onpovpyio TNKTNG.

H mxt) anotedeitar and dvo tpunqpota, v TNk emotoifaéng Kot v Ikt
PG HOD, o1 omoieg €xovv dapopeTikd péyebog mopwv, pH kol wviky wyv. O
poAloc ¢ mnkNg emotoifalng, mn omoia €xel peyoidtepo péyebog mOpwV Kol
pwkpotepo pH eivar vo cGuoompedel TIC TPOTEIVEG GE Lo GTEVN TTEPLOYN, DOTE Vol
€16€A00VV oTNV TNKTN S0 ®PIGHOD MG [o AETTN Tovia Kol va, emttevyBel KaAhtepog

S ®PIGUAG KO GUYKPIOT TNG KIVITIKOTNTOG TOV TPOTEVAV.
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Me tv SDS-PAGE vyivetar OSoympiopog tov mpoteivov pe Pdon
dwpopetikn poprakt tovg pdlo. To SDS cuvdéetan otig Tpmteiveg LG VOPOPOPwv
OAANAETIOPAGE®V, LLE ATOTEAEGO, VO KOTOGTPEPOVTOL OL [T1] OHOIOTOAKOT dEGUOT TV
npoteivav. Ot TpoTeiveg amodiatdocovtal, doympilovTol G6TIC VITOUOVAIES TOVG Kol
onuovpyovvtor cdumioke mTpwteivng-SDS. Xta ocvumioka avtd o Adyog NG
nocoTNTag ToLv SDS oV GLVdEeTan ava povdada palag Tpmteivng eivar otabepoc, dAa
0. GOUTAOKO OTOKTOOV OPVNTIKO QOPTIO KoL 1 KWWNTIKOTNTO TOVUG GTNV MNKTN
e€aptdror povo amd 10 poplakod peéyebog twv mpmteivov. Ipoteiveg pikpng pLoplakng
pélog kwvobvvtor ypnyopdtepa O HECOL TOV TOP®V TNG TNKTNG ONO TPWOTEIVEG
peyoAvtepng popuokng pualas. Xuvnbwmg, yiveror kol TEPAITEP® OMOSATAEN TOV
TPOTEIVOV UE TN XPNOYWOTOINGT AVTIOPAGTNPI®V TOV AvAYOVV TOVS G1GOVAPIOKOVS
deopovg, Ty, 2-pepkantoofavoin 1 DTT, ywo 10 dtoyopiopd OA®mV TV DTOHOVAS®V.
I'evika, n petakivinon tov tpoteivov tpog v avodo katd tv SDS-PAGE eivat
avTIoTPOP®G  OavAAOYn Tov AoyoapibBpov g poplakng tovg udlag. Me
YPNOOTOINGN £TGL OEIKTOV HOPOKAOV Popdv Kol TOV VTOAOYIGUO TNG OYETIKNG
KWWNTIKOTNTAG TOVG OTNV MNKTH €ivarl duvaty M ekTipnomn g Hoplokng Halog UG

AyvOoTNG TPWOTEIVNG.

Yiika

e Awvpa akpvriapdiov-dicakpvriapdiov 30%w/v (Biorad)

e PuOBuotikd didhvpa tnktig dwaywpiopov Tris-HCI 1,5M pH 8,8

e  PuOBuotikd dSiddvpa tnktig emotoifagng Tris-HCI 0,5M pH 6,8

e N,N,N',N-tetpopebvr-abavo-1,2-dwapnivy  (TEMED) (Sigma-Aldrich  St.
Louis, MO)

e  YmepbOetiko appudvio (AmmoniumPerSulfate-APS) 0,1g/ml

e  Awhvpa Beo0dmwdekvikov vatpiov (SDS) 10%w/v

o Amodwrtaxtikd Swwivpa SDS 5x (150mM Tris, 6% SDS, 0.3% pmke tng
Bpopopatvoing, 30% yilvkepoin kot 15% B-pepkoantooifavorn)

o Ilpoteivikdg deikng popokdv PBapdv (PageRuler™ Plus Prestained Protein
Ladder, Fermentas)

e AwdAvpo NAEKTPOQOPNONG :

25mM Tris (Sigma-Aldrich St. Louis, MO)
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192mM vyAvkivn (Sigma-Aldrich St. Louis, MO)
1% SDS (Sigma-Aldrich St. Louis, MO)

Heprypapn s pebodov

Me Bbon tov mapoakdteo wivaka (Ilivaxag 3.2) etowpdlovtor ot mnKtég
dwywpicpov (separating gel, 12% akpviopidio) kot emotoifaéng (stacking gel, 5%
akpvlopdio) kot tomoBetovvion peETAE) TOV TAOK®V GE GLOKELY KAOETNG
nAektpopdpnong méyovg 0,75mm. Apywd mpootifetor n KT SoOPIGHOD UEXPL
vyoug 0,5cm kT amd TIC €YKOTES TNG XTEVOS KOl OLPTVETOL VO TOAVUEPLOTEL Yo
30Aentd oe Beppokpacio dwpotiov apod mpota koAvedel pe Iml 1compomavoin
TPOKEWEVOD VO amoKAEoTEL TO 0&uYOdvo Tov Ba gumodicel Tov moAvpepiopd. X
OLUVEXEWL OOV TOAVUEPIOTEL 1 TNKT] OW(®PWGHOV Kol omopokpuvlel n
16ompomavOAY, TpootifeTon n INKTN emioToifaing Ko torofeteiton 1 TAAGTIKY YTEVA
Tov emTpENEL TO oYNUOTIcHd 10 myadidv otV NON  TOALUEPIGUEVT] TNKTY

emotoifaéng kot apnvetal va molvpuepiotet yuo mepimov 30 Aemtd.

[kt daympopod 12%  Inkrr emotoifaing 5%

30% axpovArapidiov-

Awsakpovropudiov aml 0.83 mi
1,5M Tris pH 8,8 2,5ml -
0,5M Tris pH 6,8 - 2,5ml
ddH,O 3,3ml 1,57ml
10% SDS 100ul 50ul
TEMED 10l Sul
APS (0,1g/ml) 100ul 50ul

MMivakag 3.1 20ct00M TOV TNKTOV S10(®PIGHOV Kot meToifaing

2m ouvvégeln, To TPOTEIVIKE Oetypota {ong ovykévipwong, OmmG  €xel
npocdopotel pe ™ pébodo Bradford (Kepdiaio 3.8), avaperyvoovtor pe avayoyiko

puOuoTkd ddivpa SDS oe avaroyio dykov 5:1 avtictorya. AkolovBel BEppavon
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otoug 95°C 7y 5 Aemtd xar @uyokévipnon yw 1 Aemtd ot 14000rpm. To
VIEPKEiEVA KOOMG Kot 0 OEIKTNG HOPLOKOV PopdV QOPTMOVOVIOL GTO TIKTMLO

moAvakpviapdiov mov £yel Tapackevachel Ko nAektpopopovviol ota 90-130Volt.

3.10 Avoocoamotiton katda Western (Western blot)

Apyn s ueboooo

To peTOVCIOUEVO TOAVTENTIOW, TTOV £XOVV OYWPICTEL NAEKTPOPOPNTIKA LE
SDS-PAGE petagépovtar oe  pepPpdvn  vitpokvttapiviig He TNV €QOPUOYN
NAekTpKoL mediov. X10 amoTuTOUE umopel va mpaypatomombel  aviyvevon tov
TpOTEIVOY  (avtiydvov) €upeca.  Apywkd  ypnoylomoteiton  €va  UN-CNUOGUEVO
AVTICOUO €101KO £VOVTL TOLV GUYKEKPIULEVOD OVTIYOVOL KOl GTI GUVEYELD £VO OEVTEPO
avTicOpo, €W0KO Yo TO TPOTO, TO0 0Toio &ivar culevyrévo pe KatdAAnio yvnoém
owvnBwg éva évlupo Ommg m.y vrepoeldaon tov pavpov peroaviov (Horse-Radish
Peroxidase, HRP) 1 aAkoAikny @oo@oTdon, 1KovO Vo HETATPEYEL TO VITOCTPOUN GE

AVIYVELGIUO POTEWVO GO LE PMOTOYPUPIKE/ATEIKOVIOTIKG LECAL.

Yiika
o [lpwtoyevn avticopoto:
- TOAKAOVIKO ovTiodpo, orydc évavtt g PC-2 (G-20) (Santa Cruz
Bt)
- TOAVKA®VIKO OVTICOUO KOLVEAOD évavtt g mpdctvng eBopilovcag
ypootikng (GFP, Green Fluorescent Protein)
- povokAwvikd avticopo movtkoy €vavtt g axtivng  (C-
4)(Chemicon)
e AgVuTEPOYEVI AVTIGOUOTA:
- oydg évavtt movtikob cvlevypévov HRP (Millipore)
- aryog évavtt Kovvealov culevypévov HRP (Millipore)
- 6vovu évavtt arydg oulevyuévov HRP (Santa Cruz Bt)
e PuOuictikd Suopa TBST pH 7.5 ¢
20mM Tris (Sigma-Aldrich St. Louis, MO)
150mM NaCl
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0,05% Tween-20

e  Aldlvuo HeTaPOPAc :
25mM Tris (Sigma-Aldrich St. Louis, MO)
192mM vyAvkivn (Sigma-Aldrich St. Louis, MO)
20% pebavorn (Sigma-Aldrich St. Louis, MO)

e Adlvpa yéroktog (0% Mmapd) 5% oe TBST pvOuistikd o1dAvpa

e ECL Kit (Pierce): Xnueo@otavy£c vTdoTpOpa Yot TNV VIEPOLEWAOT|, [LE TO
omoto gumotileTon  pepPpdvn virpoxvtrapiving oe avaroyio 125ul ava lem?
pepPpavne. IMopaokevdletar pe v avoén icov oykev (1ml) otabepod
SLAOLOTOG LITEPOEEIDAOT S KOt SIHADLOTOG EVIGYLONG.

e Awldpata epeaviong (developer) ko povyromoinong (fixer) pmtoypagikov
e\ (Sigma-Aldrich St. Louis, MO)

o Odotoypapkd epiip (KODAK)

Heprypopn s uefooov

Metd Vv olokAnpwon Tov Olaywpicpod Tov mpoteivov ue SDS-PAGE
NAEKTPOPOPNOT), TOGO TO TNKTOUO OGO Kot 1 LepPpdvn vitpokvttapivig EemAévovtan
070 PLOUICTIKO SLAALHA TNG LETOPOPAS. H peTapopd TV TpOTEIVAOV TOV TNKTOUOTOG
otV HeuPpdvn vitpokvtropivng emrvyydveton wg e€ng: Tomobetobhvtor ot oyeTIKN
GLOKEVT LETOPOPAC LLE TPOGAVATOAICUO oo TV KAB0d0 (Ladpn eMPAVELR) TPOG TV
Gvodo €va aKpLAKO GeOVYYapaKt, 0V0 Koppdatia yoptiov Whatman oto péyebog g
TNKTNG, M TNKTN, 1 LEUPPAVT, OVO akOuN Koppdtio yoptiod Whatman kot £vo okdun
aKpPLAIKO ceovyyapdkt. Téhog, n cvokevy| epPubiletarl oto pLOUGTIKO dtdAvpa Ko
gpappoletor otabepn dtopopd dvvapikod 90V yio 1,5 dpa ot Ogppokpacio 4°C.
21 ovvéyela n pepPpdvn erwaleton oe drdAvpa 5% dnayov ydiaktog o TBST yw 1
®pa VIO avadevon oe Beppokpacion SOUATIOVL TPOKEWEVOL VO TAPEUTOIGTOVV OAES
ol pn-eWwég aviryovikés Béoeic. AxoiovBolv m emmoon ™G HepPpdvng pe To
TPMOTOYEVES OVTICOUA GTNV KOTAAANAN apainon TOv TPOTEIVEL O KATAGKEVOGTNG OE
ddropa 5% ydroktog oe TBST vd avoxivnon yio 16 mepimov dpeg otovg 4°C.
AxoiovBov mivoeig pe TBST (4 o@opég amd 10 Aemtd) ko emmoom pHE TO
OELTEPOYEVES QVTIGOU GTNV KATAAANAN 0pOi®CT| TOV TPOTEIVEL O KOTAGKELOOTIG GE
dwvpa 5% ydhoktog oe TBST vrnd avadevon yio pio opa oe Oeppoxpacio

dmpartiov.
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Metd and mivcelg pe ddivpo TBST (3 @opég amd 10 Aemtd), n pepppdavn
enmaletal yio 2 Aentd pe (Paciopévo otnv AOVUIVOAT) YNUEPOTOVYEG VTOGTPMLLOL
tov evlopov HRP, xolvmteton pe Stoapoavn pepPpdvn kot tomobeteiton 6€ KooETo
epeavions. Extifeton e potoypapikd eiip (o xpovog ékbeong mowkiddel avaroyo pe
TO TPOTOYEVEG AVTICOUO) Kot akoAOVOEL ELPAVION TOL PIA HE EMDOCT TPDOTO GTO
Sl pedviong Kot ETEITO 6TO OGALIO. HOVIHOTOINGONG Kol TEAOG EKTALGN UE
OmOVIGUEVO vEPO. oL TNV M-TTOCOTIKY OVAALGT TOV GNLOTOG At TO OETYILATO TOV
EMeLEPYAGTNKOAY, TO QAL GOPOVOVTIOL KOl KOTOTY avoivovior pe 1t Ponbew

Kat@AAnAov Aoytoukod (Image-J, http://rsbweb.nih.gov/ij/docs/index.html).

3.11 Avocodokipacio Tomov ELISA mov Bacileroun og kOtTopa (CASE-Kit)
[IpwtéKoAro Yy v pétpnomn tov Pabuod evepyomoinonc/emopopvAiinwong
TPOTEIVOV oTOY®V pE TN xpnon avocodokipaciog ELISA mov Paciletar oe kdtTopa
(Case kit, CASE™ Cellular Activation of Signaling ELISA). ITponysiton Tpocektikdg
TEPOUOTIKOG GYESOGHOC, TOV TEPAAUPAVEL OVO GEPEG Amd KVLTTAPO G OAEG TIG
nelpopotikés ovvinkeg. H plo Oo enmwooctel pe to €016 ovticopo ywoo v
POOPOPLAIOUEVT] HopeT TNG TpwTeIvNg (phospho-protein specific Ab) kot 1 GAAN pe

TO €101KO AVTICOUO Y10 TNV OAKY TPTEIVY (pan protein specific Ab).

CASE-kit: Cellular Activation of Signaling ELISA

A. Tlpoctoiuaoio kottapwv

1. Ztpoopo kuttapov 1,5-2,0 x 10%/well oty ppomAidka kolhépyewag (96well) pe
npocOnkm 100ul Opentikov pécov. Ieprappdvovrat:

* Blank wells (yopic xOttopa)

* Detection control wells (k0ttapo endacn povo pe devtepoyevég Ab)

* Experimental control wells (x0ttapa yopig teipapatikn eneepyacio)
2. KoAépyeta yia 18-24h (37°C - enwoothpa).
3. Moviponoinon kuttdpwv (TpocKoAANUEVA KOTTOPA):

[Mpocektiky amopdkpvven tov Bpemtikod ko mpoobnikn 100ul - 4% Cell

Fixing Buffer/well (' va amo@evyBel n e€dtiion g @oppraidetiong kaAvmteton n

TAGKO e TAPOQIALL Kot OokemAleTal PE TO KOMAKL TNG). XT0 OTAd0 0ovTd TO
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LOVIHOTTOMUEVO KOTTOPO UTOPOVV VO UnV ypNoonombovv oArd pmopodv agov
KOAVPOOUV e TAPAPIAL Vo amoOnKeLTOVV Yo apkeTég efdopddeg otovg 4°C.

4. Amopdkpovon tov Cell Fixing Buffer kot mivoglg 600 @opéc TV KLTTAPOV LE
200ul and 1xWashing Buffer didpketag Smin pe avaxivnon (rocking).

5. Amopdxpuvon tov Washing Buffer, mpocOrkn 100ul andé Quenching Buffer ko
enmoon yio 20min o€ Beppokpocio SwUOTIOV.

6. Amopdxpovon tov Quenching Buffer kot mAvon tov kuttdpov pio opd pe 200ul
and 1xWashing Buffer 61dpxeiag Smin pe avaxivnon (rocking).

7. Amopdxpuovorn tov Washing Buffer, mpooOnkn 100ul and 1xAntigen Retrieval
Buffer. TomoBétmon pe 1o Kombkt oavoytd NG TAAKOG HEGO GE  (QOVPVO
piKpokvpatwv. Oépuavon g mAdkag ota 375 Watts yio 3 min (vwoAoyilovpe amd
ToV 6LVOAMKO aplBud tov Watts). ATOPOKPUVOVUE TPOGEKTIKA TNV TAAKA OO TOV
(OVPVO, TNV KOADTTOVUE LLE TO KOTAKL KOl TNV ApVOVUE VO, KPDGEL 6€ Beppokpacio

douatiov.

8. Amopdkpovvon tov Antigen Retrieval Buffer kot mAvon tov kuttdpov pia gopd pe
200ul omd 1xWashing Buffer oidpxeag Smin pe avokivnon (rocking).
9. Amoupdxpuvorn tov Washing Buffer, mpocOnkn 100ul and Blocking Buffer xot

enmaon Yo 1h og Ogppokpacio dopatiov.

B. Encdoon 1 10 TPpWTOYEVEC KOL TO OEVTEPOYEVEC QVTIOCWUO,

1. Amopdkpovon tov Blocking Buffer kot mivon tov xuttdpov pia eopd pe 200ul
a6 1xWashing Buffer 61dpketog Smin pe avaxkivnon (rocking).

2. Amopdkpuvon tov Washing Buffer, mpocOnkn 50ul and apoiwpévo mpotoyeves
avticopa (gite To phosphor-protein specific Ab gite to pan protein specific Ab) 6to
avtictoyo well. Xtovg oapvnrikovg pdptupec (detection control wells) yiveron
TpocONKM avti Tov TpwToYEVOLG aviicmdpatog S0ul Andibody Dilution Buffer.

3. Endaon yw 1h og Beppokpacio dopoatiov.

4. ATopdKpuveN TOL TPOTOYEVOVS AVTICAOUATOS KOl TAVCT] TOV KLTTAP®V dV0 (pOPES
pe 200ul and 1xWashing Buffer dudpketog Smin pe avokivnon (rocking).

5. Amopdxpovon tov Washing Buffer, mpocOnin 100ul and aporopévo devutepoyeveg

avticopa o kabe well kot endaon yo 1 dpa oe Beppokpacio dopatiov.
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6. Evtopeta&d yiveton petagopd g avoykaiog tocotntoag omd Developing Solution
(100ul avé well) oe éva kabBapd okapido (Washing Buffer Reservoir) kot agpnverot

va (eotabel og Beppokpacio SOUATION VO TPOGTATELETAL OO TO PG,

I Pwrouctpikoc mpoodiopioudc:

1. ATopdkpuven Tov 0EVTEPOYEVOVS OVTICMUOATOS TAVCT] TOV KLTTAP®V dV0 QOPES LE
200ul and 1xWashing Buffer didpkelog Smin pe avaxivnon (rocking). Xt cuvéyela
mAvon Tov Kuttdpov pio eopd pe 200ul and PBS dibpkeag Smin pe avaxivnon
(rocking).

2. Amopdxkpovon tov PBS, mpocsOrjikn 100ul and Developing Solution og kafe well.
[Ipootacia ¢ mAdkag amd to eoc. Endaon and 1 éog 10 Aentd oe Ogppokpacio
douatiov.

3. IMopaxorovBnon ¢ avdmtuéng Tov UTAE YPOUATOG HEXPL TO EVTOVOTEPO Papévo
well va givan pétpro mpog okovpo pmhe (medium to dark blue).

4. TlpooOnkn 100ul amd tov Stop Solution ce kéBe well ®ote va otapatnoel n
avtiopaon. To Stop Solution petatpénel 10 PTAE YpOUO O KiTPIVO.

5. Méoa o Smin pétpnon g amoppdenong ota 450nm.

A. KaBopiouoc tov Zyetikod ApiBuod Kvrrapwv:

1. Amopdkpovon TV SHAVIATOC TNG OOKILOGIOG Kol TAVOT TV KUTTAP®V Lo GOpa
pe 200ul amd 1xWashing Buffer oidpkeloag Smin pe avokivnorm (rocking). X
oLvEYElL TAOON TV KVTTapV pio eopd pe 200ul ardé dH20 didpkelog Smin pe
avaxivnon (rocking). Ilpooektikn oamopdkpvuvon kdBe vYpoL pe MmO Avdmooo
YTOTM O TNG TAGKAG TAV® G€ 6Toifa omd yapti. Téyvoua otov aépa Yo Smin

2. IIpocOnkn 100ul and to Cell Staining Buffer (didAvpa ypdong xuttdpwv) o€ k4O
well kot erdaon v 30min ce Beppokpacio dopatiov.

3. Eémivpa g mAakag dVo @opég pe 200ul amd dH20 kot mAdon tov Kuttdpov d0o
@opég ne 200ul amd 1xWashing Buffer oidpkelog Smin pe avokivnon (rocking).

4. MpocOnkm 100ul and 1% SDS oe kéBe well ko endaon oe avadsvtipa (rocker)
yw 1h og Beppokpacio dmpatiov.

5. AwiPacpa g amoppdenong ota 595nm o ELISA Plate Reader.

6. Kavovikomoton g amoppdenong Tov avTICOUATOS LE TOV GYETIKO aplOud
KUTTapoV: Alaipeon tov petpnoemv ota 450nm yia ke well Tpog Tig peTproels ota
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595nm yo o kKGO well.

0OD450 / OD595 yia kéBe well

7. T va dmiotodel 0 oyetikdg BabIog TS emSOPLAIMONS TNG TPOTEIVNG GTOYOL
yivetal Kovovikomoinon tov Adyov OD450 / OD595 yia to phosphor-protein specific
Ab pe tov Adyo OD450 / OD595 yw to pan protein specific Ab yw v dw

TEPOLOTIKT GVVOTKN.

OD450 / OD595 y1o. o phosphor-protein specific Ab
OD450 / OD595 yuo to pan protein specific Ab

» To vobuepo mov 7POKLTTEL &€ivor Kol TO TEMKO OMOTEAEGUO  TNG
EVEPYOTTOINONG/POCPOPLAIOGNG TNG OLYKEKPIUEVNG TPOTEIVNG OTOYOL  OTNV
nepintoon pog omAadn g Erk1/2 kot g cJUN

»  Aniaodn eivol 0 CUVTEAEGTNG TNG GYETIKNG POCPOPLAI®ONG TOL Hag OElyVEL TOV

Babud ™ evepyomoinong g CLYKEKPIUEVNG TPMOTEIVIC.

3.12 Amopdvmon oikov RNA am6 kotTapa

H amopdévoon ohkod RNA €yve pe m ypnon g TumomomuévnG SoKILociog

RNeasy (Qiagen) copupmva pe TG 00MYieg TOV KOTAGKEVAOTY.

3.13 RT-PCR (Reverse Transcription-PCR)

Apyn ™s uebooov

To RNA vmoPdiietar oe obvBeon evog khdvov cDNA pe t ypnom g
avtiotpoeng petaypapdong AMV (Avian Myeloblastosis Virus, AMV), 1 onoia etvon
pioa RNA e&aptopevn DNA molvpepdon, 1 omoia cuvBétetl tov éva cDNA kldvo and

10 VooTpope povokimvo RNA, oto omoio mpdta £yovv vPpidomombel ta Tuyaia
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ouvletikd poplo ekkwvntav. To mopayopevo cDNA upmopel va molhamlooiactel

nepattépm pécw PCR (Kepdiaio 3.13).

Ylika

Adlopa toyaiov ekkivntov oe cuykévipwon 300ng/ul (Promega)

Agtypota oMo RNA pe ovykévripoon 0,4ng/ul éog 1000ng/pl

Meiyua dNTPs (dATP, dGTP, dCTP, dTTP) ue ovykévipmon 2,5mM oto
kaBéva (Promega)

PuOuiotiko didhopa 5X (Promega)

Avaotoréag pipovovkAedong (RNase inhibitor) pe ovykévipmorn 40U/ul
(Invitrogen)

Avtiotpoen petaypapdon AMV pe cuykévipmon 200U/ul (Promega)

Heprypaon s uebodov

1. Ze éva pkpoowAinva tomov eppendorf dykov 0,5ml TpoctiBevton o aviidpactiplo

TOV piypotog A mov meprypdpovtal otov mapokdto mivaka (ITivaxag 3.2).

Miypa A ‘Oykog
Ao Toyoimv EKKIVTOV Tul
Agtypo olko) RNA 2ul
ddH,0 amootelpwpévo Tul

Hivaxag 3.2 votaon piypotog A

2. To detypo Oepuaiverar otovg 70°C yia 5 Aentd pe 61030 va anodiotayfovv OAeg ot

un-povokloveg alvoideg RNA kat otn ocvvéyeio yoyetor otoug 4°C andtopa yuo 5

AETTA.

3. Zt ovvégeln oto 1010 eppendorf mpootifetar 1o piypo B odueova pe tov

napakato mivaxa (ITivaxag 3.3) kot akoiovBel fma avapén. O cuvoikdg dyKog Tov

delypartog avépyetar mAéov o€ 25ul.
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Miypo B ‘Oykog

POtk ddAvpa 5X (Promega) Sul
dNTPs 2,5ul
Avaotoréag pipovovkiedong Il
AMV Tul
ddH,0 amootelpopévo 5,5u

IMivakoeg 3.3 Zvotaon piypotog B

4. X10 tehevtoio otddo to Seiypa Oeppaivovion otovg 37°C yi 1 dpa doTE Vo
OpAcEL M AVTIGTPOPN HETOYPOPACT] KOl GTN GLVEYELD TO EVELUO ATEVEPYOTOIEITON [E
endoon otovg 70°C yw 10 Aentd. Axolovbeil evioyvon tov ¢DNA péow PCR
(Kepdrato 2.13) xpnoomoldvog KAtdAANAOLS EKKIVITEC.

3.14 Adverdoty avtidpacn molvpepdong (Polymerase Chain Reaction, PCR)

Apyn tqs uedooov

H teyvich PCR ovvictator otnv emlektikn evioyvon tunuatoc DNA mov
Bpioketor petalh ovO TEPOYDOV YVOOTNG oAAnAovyiog HE TN YPNON EVIKOV
ovvheTIK®V oMyodeo&upiBovovkieoTdimv mov ovopalovror ekkivntég (primers). Ot
EKKIVNTEG eivol  amOALTO GUUTANPOUOTIKOL UE TIC OVO0 HOVOKAMVEG OAVLGIOEG
expayeiov DNA. E&aipeon anotelel  mepintmon ewcaywyng B€ong meplopicpov cto
npoiovta g avtiopacns PCR omdTe Kot 1 COUTANPOUATIKOTNTA TOV EKKIVITOV LE
715 000 aAVGideg ToL VIooTpOpaTOG dev givar 100%. To kbplo mpoidv g avtidpaong
PCR egivan dikhwvo DNA, tov omoiov ta dkpo kabopilovior amd ta 5 dxpa tov
exkivntav kot Ba mephapPdvetl kat v petald tovg andotacn. EmmAéov, tpoidvia
AMyo peyaAdtepov peyébovg mapdyovior o€ apeAntéa, OU®S, mTOcOTNTO KOODS dev
noAlomAacialovron ekbetikd OTmg cupPaiver pe v aAilniovyia otdyo. H avtidpaon
PCR ovvictaton ce emavoropfovopevoug Beppikong kOkAOLG, KoBEVOG €K TV
omoiwv meplapPavel ta topakdto tpio (3) otddw:

1. @gppukn amodidraln twv aAvcidowv tov vrocstpdpatoc DNA og Ogproxpacio

95°C yia 30 £mg 60 devtepdOAenta.
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2. YPpopog tov Hopiev eKKIVITOV GTOVS CUUTANPOUATIKOVS KADOVOLS TOL
vrootpdpatog DNA, mov tpaypotonoleiton og e0pog Beppokpacidv 52°C -64°C.

3. Empmxuvon tov ekkivntov kol ovilypoer], tov tunuato¢ DNA mov Oa
evioyvOei, Tov Aaufdvovy ydpa oe Beppoxpacio 72°C.

Ta mapandve otddia BEpuavonc-yoéng emavorapPavovror ToArég eopég (28-
40 kdxrol) pe okomd tov ekBeTikd moAhamiaciocud tov embountov Tunqpatog DNA.
[Ipwv and tovg Beppkotg KOKAOLG VTAPYEL Eva KOO 0TAd10 amodtdtaéng tov DNA
otovg 95°C Yo 3 Aemtd Kot UeTd TNV OAOKAP®OGT TOLE LIAPYEL éva emiong Koo
oTAd10 EMPNKVLVONG TOV TOPUyOUEVOV TTPoioviov otovg 72°C yioo 10 Aemtd. H
avtiopaon moAvpeplopoy  yiveton oe  Oeppikd  KLUKAOTOMT] Kol TO  EVPEMG
ypnoporovpevo Evivpo givon 1 Taq moivpepdon n omoia £xel amopovmbel and to
BaxtAplo Thermus aquaticus. H Taq moAvuepdon £yt uéyiot omddoon otovg 72°C
Ko 0 xpovog numnc g givon 40 Aertd otovg 95°C.

To évlopo aviypaeet to DNA pe taydtra nepimov 1000 Bdoelg ava Aentd. To
Slhvpa TG avtidopaong €KToc amd 10 vmooTpopa DNA mepiéyer 10 (gbyog
EKKIVIITAOV, TO MYHO TOV TECCHPOV TPPOOPOPIKAOV 0£0EVPPOVOVKAEOTIOIWV
(dNTPs), to pvOuiotikd ddlvpa yio dttrpnon otabepov pH, wOvta Mg+2 Ko v
Taq moAvuepdon.

Ta axdAovba onueia etvon kpioia yio tnv emttvyio g texvikng PCR:

A) H emiloyn g KatdAAning Bepuokpocioc mpoOcOESC TOV EKKIVIITOV GTO
vnoéotpopo DNA, n omoio eaptdtor amd 1o péEYEBOC TV EKKIVITOV KOU TNV
TEPLEKTIKOTNTA TOVG 6 Levyn yovavivng kot kutooivng. Eivat onpovtikd va punv givot
TOAD younAdtepn g OBepuoxpaciog ™ENS TV ekKvNTOV dOTL GE LT TNV
TEPIMTOOT EVLVOEITOL 1) TOPAYMYT| UM EWIKAOV TPOTOVT®OV ToAVPEPIoUOV. AvtifeTa pio
Bepurokpacio o0 vynAdtepn PBérTIoTNG Yo éva dedopévo (ehyog exkkivntdv etvan
mOavd va Unv 0dNyNoEL G€ TOPAY®YN TPOIOVTOG TOAVUEPIGLOV.

B) H emloyn tov ¥pdvov eMUNKLVONG TV EKKIVITOV KOTO TO TPITO 6TAO0 Vol
Kopaiveror cuvnBwg peta&h 30-60 devTePOAENTOV AVALOYO LLE TV ATOCGTAGT) LETAED
TOV EKKIVNTAOV Kot ETOUEVAS e TO pEYEBog Tov TPOoidVTOS TOAVUEPIGLOD.

I') O apBuoc tov KOKA®V ™G avtidpoong va meplopileTol 6TOVS EAAYIOTOVG
ATOPOITNTOVG, L€ GKOTO TNV AmO@LYN A0ODV KOTA TNV OVILYPOOT KOl TOPOY®YN UN

EWOIKOV TPOIOVIMV.
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A) H apyun mocdtta To0 DNA va kopaivetor peta&d 10-500ng avaroya pe
™V kaBapdTTE TOV KOt TOV aPBUO TV OVTLYPAO®V TOV TUAIOTOG TPOG EVIGYLOT).

E) H tehucn ovykévipoon tov MgClp va xopaiveron peta&d 1mM kot 8mM. Ta
vt Mg2+ etvat onuovTiKg yio Ty 01KOTNTO TS LEPLOOTOIMNGNE TOV EKKIVITMV LE
10 vVooTpope DNA kat v anddoon tov evidpov.

2T) Ot ekkivntég va €xovv unkog 17-30 Bhoeig (o€ €101KEG TEPMTOGEIS UTOPEL
VO (PNOUOTO0VVTOL EKKIVNTEG UNKOLS UEYPL kol 60 Pdoewv) Kot 1 TEMKN TOLG
ovykévipoon va kopaivetalr omd 0,1pM €wg 1uM. Eivar oamapaitnto va €yovv
mapopol mePlEKTIKOTNTA (evydv yovavivng-kvtooivng 50-60%, va unv €yxovv
CUUTANPOUOTIKOTNTO KUPI®G oto 3 dKpo TOVG TPOG OTOPLYN OCYNUATIGLOV
OAyoUEP®Y Ko TEAOG VoL UV epeavilovy devutepotayeic doUES.

Ta mieovexktquata ¢ teyvikng PCR ovvictavior oto Ott givar dvvar) 1
avayvopon g oAAnAovyiag-otéxov okdpa Kot 0tav To opyko ekpayeio DNA
Bpioketal og pikpn mocoOTNTA 1) TEPLOPIGUEVN KabapdtnTa (.. 16701 EYKAEIGUEVOL GE
napapivn), oy gvactncio, ommv akpifela, 6To UIKPO KOGTOG, GTIV EVKOAIN Kot
TNV TOYVTNTA TNG CVYKPITIKA UE AAAES TEYVIKEG KA®VOTOINOTG.

Ot Vvavikég ovvnkeg g avtidpaons m.y. Bepuokpacieg kot ypOVOL ETDOOONC,
OLYKEVTPMOOELS TNG Taq moAvpepdons, Tov HYHOTOG TOV EKKIVITOV, TOV 10VI®V Mg2+
Kol Tov vrootpdpatog DNA) mowidhovv kot ypetdlovtal BeAtiotonoinon yo Kabe

Eexwplot avtidopaon.

Yiika

e Exkwntég (primers), apyikng cvykévipoons SUM (Invitrogen)

e Taq DNA nmoivuepdon (GoTaq® Flexi DNA polymerase) o cuykévipmon
5U/ul, pun avacvvowacpévn, tpomomotnuévn popoen g Tag DNA
ToAVUEPAONG M omoia dev Exel S — 3 e€ovoukAeoTdKn dpacTikdTnTO
(Promega)

e 25mM MgCl, (Promega)

o PuOuotico ddivpa 5X Green GoTaq® Flexi Buffer 5X (Promega)

e dNTPs (dATP, dGTP, dCTP, dTTP) ot apywr cvykévipmon 2mM (Promega)
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Heprypapn s uebodov

Ye @uwAidio tomov eppendorf 0,5ml mpocOiétoviar To AVTIOPAGTAPLO TOL

eaivovtor otov mopakdteo wivakae (Ilivaxog 3.x) cOpeova pe 10 TPOTOKOAALO TOV

KOTOGKELOOT).

Ta avidpoaotipo avadevovio

Miypa PCR
ddH.0 10,6pl
MgCl, (25mM) 1,2ul
Buffer (5x) 4ul
dNTPs (2mM) 2ul
Primers (5uM) Tl
Taq polymerase (5U/ul) 0,2ul
DNA Tl
>Hvoro 20ul

Mivaxag 3.4 Xvotaon piypotoc PCR

pue 1 Ponbela pkpomméTog Yy vo

eCacpaioovpe ™V ouoldpopen Katovoun tov eviOHov evd OAn M ddkocio

dieEdyeton og Oeppokpooio 4°C yio vo amo@ihyovue Tpdiun Evapén g avtidpoong.

Ta avtdpaoctipla Statnpovvior otovg -20°C. Ot ovvdfikeg Tnc ovrtidpaonc

(Beppokpacio kot dapkewn kdbe otadiov kabmdG kol o0 aplBpdg TOV KUKMKOV

EMOVOANYEDY) SOPOPOTOIOVVTOL AVAAOYO LE TNV VOLKAEOTIOKN OAANAOVYiCL 7OV

evioyvetal, Omwg ancikoviCetar otov Iivaka 3.5.

MéyeOog Ogppokpacio | ApOpdg
Toviow | Exkivntég Alinlovyia npoiovrog (bp) | vBpdopod (°C) | kdkhov
BiP BIP-S TAGCGTATGGTGCTGCTGTC 241 60 25
BIP-AS TTTGTCAGGGGTCTTTCACC
CHOP | CHOP-S AGTGCCACGGAGAAAGCTAA 209 99 36
CHOP-AS CCATACAGCAGCCTGAGTGA
ATF4 ATF4-S AACCGACAAAGACACCTTCG 674 60 25
ATF4-AS AGGGATCATGGCAACGTAAG
GRP94 | GRP94-S TGGGAAGAGGTTCCAGAATG 220 60 25
GRP94-AS GTTGCCAGACCATCCGTACT

(S: sense, AS: antisense)

MMivakac. 3.5 Exxivntég kot Bértioteg cuvOnkeg PCR
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3.15 Hiexktpo@opnon DNA og mktopa ayapolng

Apyn s ueboodoioyiog

Ta mAacdwkd 1 yevopukd DNA kabag kot mpoiovta g teyvikig PCR
dwympilovior og mKTORA ayapolng oe cvokevn oplovtiag niektpopopnons. H
EMAOYT TNG CLYKEVTP®ONG NG ayopdlng kabopiletor amd to péyebog tv TUNUATOV
DNA mov 6a d1oy@p1otodv Kol GLYKEKPYEVA, 1] GVYKEVIPOON TG EVOL AVTIGTPOPMG

avAAOYN TOV HoplaKov PBapovg Tomv Tunudtov DNA.

Yiika
e Ayoapoln (Invitrogen)
e  Awvpa TBE 10X (Tris, Bopkd 0£O kar dwvdtpo EDTA) pH 8
e 10 mg/ml didAvpo Bpopovyov aibiwiov (Sigma-Aldrich St. Louis, MO)
e Adivpa poptmong (loading buffer, Promega)
e Aciktng popaxmv Bapmv tov DNA (DNA ladder, Promega): 100bp 1 1kb

Heprypopn ueboooloyiog

[Na v mapackevn TnKTOLATOS ayopolng cvykévipoong 2% owivovtor 2g
ayapolnc oe 100 ml pvOuotikov dwoddpatog 1X TBE kat to piypo Oepuaiveton péypt
) Oepupokpacio Ppacuod ®ote va OwAvdel 1 ayapdln. Xtn cvvéxew 1o ddAvua
apnvetal Yo AMlyo o€ Begpuoxpocio dopatiov Ko mpootifetal Ppopiovyo abidlo oe
teMKkn ovykévipoon 0,5ug/ml. To owdAlvuo tomobeteital o expayeio oplloviiag
niekTpo@dpnomng Kot aeov tomofetnBodv Ta E0IKA YTEVAKIO TOV ONUOVPYOVV TIG
0éoelg mpooHNkng Tov delypatog, aenvetor va  otepeomomBel  oe  younin
Oepuokpacio. X cvvéyewn goptdvovtor ta ostypata tov DNA (mpoidvra PCR,
mlocpoKd 1N yevoukd DNA) poll pe ddAvpo @dptoong av  ypelaletal.
[Mapddinia pe to detypota DNA @optdveton kot OeikIng poplokadv Boapodv. Xt
GUVEYELDL | GUGKELT GLVIELETAL LE TPOPOOOTIKO NAEKTPIKOV pevpatog. Ot cuvinKeg
niextpoedpnong sivar Beppokpacio dSwpatiovn, 100 Volts, 30 mA, 30 Aertd. Ot {oveg
tov DNA elvar opatég xapn oto Bpopovyo afidio mov maperPoaAlopevo ovapeGa

0T0VG KAOVOLS Tov DNA yivetor opatod pe v enidpacmn vreptddovg akTvofoiiog
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3.16 Mocotikny PCR pe ™ rpion ¢ ypootikic SYBR GREEN

Yiika
e Exxwnréc (primers), apyikng ovykévipoong SuM (Sigma-Aldrich St. Louis,
MO) (TTivakag 3.6)
e 2x SYBR® Green PCR Master Mix

Heprypapin ueboodoioyias
Ye e0wég mAdkeg 96 Béoewv mpootiBevial o OVTIOPACTNPIL TOV PAIVOVIOL GTOV

napakdto mivako (TTivakog 3.6) cOupova e T0 TPOTOKOAAO TOV KOTOOKEVOOTH.

Miypa moootikiic PCR
2x SYBR® Green PCR Master Mix 12,5ul
Primers (5uM) 1,5u
cDNA (500ng) 10ul
ddH0 1
>HvoAo 25ul

Hivaxag 3.6. ZOotaon piyportog mtocotikig PCR

PuOpiCeton to mapokdto npdypappa ot real time PCR Applied Biosystems
1. 10min/95°C

2. 15sec/95°C

3. Imin/60°C

Eroavéinyn tov fnpdtov 2-3 yo 40 koxioug

AxoiovBel kopmdAn ™Mewg :

1. 15sec/95°C
2. Oépuavon and 60°C péypt 95°C pe puod 2°C avd Aentd
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O voloyouds TV amoteAecudTov TpaypatoromOnke pe ) uébodo Delta-Delta Ct
(M.W. Pfaff Nucleic Acids Res. 2001, 29(9):e45) ot T0ov 7apokdt® TOTO TOL
npokvntel (Tvmog Pfaffl) :

DCt yovidio cnc'))(og( CO ntrol—6eiypc1)

. 2 ovidlo aToyo
Ratio= 2 Xoe

DCt yovidio avagopdc (CO ntro |-6EIY|JCI)
2yovi6|o avagopdg

3.17 Aoxpaciog petafoing g niektpo@opntikis Kivitikétntoag (EMSA)

H teyvuen g doxipaciog petaforne g NAEKTPOPOPNTIKNG KIVITIKOTNTAG 1)
EMSA (Electro-Mobility Shift Assay) eivor pwo in vitro doxipacio édeyyov
npdcdeong mpwteivoy 6to DNA 1 omoio ypnoipomoteitor yuou ) Yoptoypaenon

TEPLOYDV TPOGOECTG LETAYPAUPIKDV TOPAYOVIMV GE PLOUIGTIKES TEPLOYES YOVIOIMV.

Cell extract
Chemiluminescent
substrate
- =
- o = =

Target DNA 9
Enwaon mpwieiviv
HE BloTVIAlwpEvo
DNA aviyveutn

JUOpAoKo

DNA-mpwTteivov ALAXWPLOHOC Evtomniopog

Bdoet peyéBoug stpemtafLdivn
BLOTIVIALWEVO GUUTAOKO
Slaxwplopévo oe
TNKTW O ayopolng
META amo petadopd
o€ pepBpavn

Ewova 3.1 Zynpatikn mapovsioon g dokipasiog g EMSA
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H EMSA Poociletor omv AoTTOUEV] MAEKTPOPOPNTIKY KIVNTIKOTNTO TOL
ocvunAdkov DNA-nmpoteivng ouykpvopevo pe ehebBepo DNA. Amotedet, dnAadn, (o
TEYVIKY 1 Omoio YPNOIWOTOLEITOL Yot Vo HEAETNOOVV Ol OAANAEMOPACELS TV
npoteivav pe o DNA kot 1o RNA. Me 1 dadikacio avtn yivetal duvatdg o EAeyyog
TPOGOEOG LG TPMOTEIVIG (). LETAYPAPIKOV Topdyovta) o€ o aAiniovyio DNA
N RNA (Ewova 3.1).

H avéivon xivnrikdttog ivor 0 nAEKTPOPOPNTIKOG S0 ®PIGUOS TPOTEIVNG-
DNA og yé\n moAvakpoAapionc. H taydtra pe v omoio Kivodvtal To O10p0PETIKA
puopua (ko cvvovacpot tovg) avapeca otn YEAN kabopiletar amd 1o péyedog kot o
eoptio, kaBmg emiong kol pepikmdg and 10 oynuo tovg. H Awpida eréyyov (DNA
KADVOG Ypig TV Tapovcio mpwteivng) Oa mepiéyet o povaya {dvn mov avTioTot el
oto un mpoodepévo DNA. Ouwmg, vrobétovtag 0Tt M mpwteivn givar dvvotdv va
pocdebel oto xoppdtt DNA, 1 Awpida pe v tpmteivn Ba mepiéyet axodua po Covn
OV EKTPOCMOTEL Eval LEYOADTEPO KO AYOTEPO KIVITIKO GUUTAOKO, OVTO TOL KAMVOL
TOL VOULKAEIKOD 0EE0G 010 omoio €xel mpocdebel n mpwteivy Kol to omoio eivon
HETOTOTMIOUEVO YNAOTEPD GTN YEAN (0po¥ Kiveiton o apyd).

H déopevom mpwteivng-petaypapikod mapdyovio pe to ceonpoacpévo DNA
aviyvevtn yiveton in vitro otovg 200C ya 20 Aentd. To coumioka tpoteivov-DNA
mov dnuovpyovviar O6tov TefoVV KAt amd v emMidpacn MAEKTPIKOV mediov o€
TNKTOUO OKPVAOIONG LETAVAGTEVOVY O apYd amd 6Tt Ta ehevBepa Tunqpota DNA T
dikAwvov oAryovovkieoTdinv. H aAinienidpaon mapayoviwv petaypaepng kot DNA
TICTOTOEITOL OVTOPASIOYPAPIKE UE TNV EUPAVIoT {DOVNG-ETAPUOTOC GTO TNKTMMUO
7oV £)YEl SVOGEL LKPOTEPO dtdotnua amd 0Tt To eAevBepo tunpa tov DNA (probe).
H sbdwodmta g Oéopevong tov mopdyovio HETAYPOAONS OTN GCLYKEKPLULEVN
aAniovyioc DNA amodeikvdeton pHe TEPAUATO «AVTIOYOVIGLOL» Kol TPocHNKN
OVTICOUATOG. ZVYKEKPYEVE, TUPNVIKEG TPOTEIVES EmwAlovTal Le LOPLoK Ttepicoeln
un oceonuocpévov DNA, 1010¢ Kot SLOQOPETIKNG EOIKOTNTAS L€ TOV CNUAGUEVO LE
Brotivn aviyveutn mpwv TN TPocsONKM Tov onuacuévov aviyvevtr. H mepicoeia tov
€100V YuYPoL oviyveLTr| Ba €xel WG amOTELESHA TV OVOGTOAN TNG OEGUEVCTG TOV
€100V Beppov (e&apavion CdVNGg cCLUTAOKOV), EVM 1 TEPIGGELD TOV U1 EOKOV OgV
Ba avaoteilel T déopevon (mapapovn {odvng copumidkov). H mepetaipm motomoinon
TOV GUUTAOKOL YIVETOL [LE TNV TPOCHNKN TOV EOIKOV Y10, TOV LETOYPOAPIKO TopdyovTa
OVIIOOUOTOS, TO Oomoio avdAoyo pe TN otepeodtdtaln Tov ocvumidkov, &ite
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petatonilel 10 obumloko G TPOTEVNG-DNA ynldtepa oty yéAn 1N HEWDVEL
onuovtikd T {dvn Tov CLUTAOKOL (EGv TO OVTICOHO GULVOEETOL OTNV TEPLOYN

ouvdeong tov DNA oty npmteivn).

3.17.1 lIpooOMkn Protivng 6to 3’ AKPO TOV AVLYVELTAOV

Apya, onuaivoope pe Protivn oto 3 dxpo (Biotin 3° End DNA Labeling
Kit-PIERCE) 1o tuquo too DNA mov avtictoyel ot 0éon déopevong tov vmod
perAétn  petaypaeuov mopdyovra (my. NF-xB 11 AP-1). H avtidopaon ovtm
ypnowonolel v TEAKT]  080EUVOLKAEOTIOMIKT  Tpavoeepdon  (Terminal
Deoxynucleotidyl Transferase-TdT) @dote va evoouatdoer 1-3 Protvolopéva
p1ovovkAetotidla oto 3’ dpo Tov DNA kAdvov.
Yiika
5x TdT Reaction buffer
e TdT
Biotin-11-dUTP

e  Mn oNUACUEVO OVIYVELTH] O LAPTLPO

o  YNUOGUEVO OVIXVELTN MG LAPTLPA

e Nepo peyding kaboapotnrag

e [uM aviyvevtn Tpog GrHavon

e 0.2MEDTA, pH 8.0

o XA®POoPOPLIO : 1IGOOUVAIKT 0AKOOAN (24:1)

I eprypapi s pedooov

INa v EMSA Botivolmvovpe kot toug 2 khdvoug DNA yopiotd.

2vuyKekpyéva:

1. Apawdvovpe 1/5 to TdT oe 1x TdT reaction buffer oe tehikn cvykévipmon 2U/ul.

2. Tpogtoydlovpe MV avTidpaon GHLAVONG OTMG POIVETOL GTOV TIVOKOL:
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2V0TOTIKO Oykog Telkn cvykévipoon
Nep6 ultrapure 25ul ---
5x TdT Reaction Buffer 10ul 1X
DNA aviyveutnig Sul 5pmol
Biotin-11-dUTP (5uM) Sul 0.5 uM
Apawwpévo TdT (2U/ul) Sul 0.2 U/ul
YVVOAIKOG OYKOG 50ul ---

Enwdlovpe v avtidpoaon otovg 37°C yia 30 Aemtd.

4, [TpocHétovpe 2.5ul 0.2M EDTA ywo va otopatost n aviidopoon.

5. [TpocBétovpe S0ul yAwpo@oppriov: 1GOOUVAIKNG GAKOOANG Yo TV APOipEST
tov TdT. Avaxwoldpe TPOCEKTIKA, QUYOKEVIPOLUE 2 AEmTd O LYNMAN
TayHTNTO OGTE VO, SYMPIGTOVV 01 PAGELS KOl KPOTALE TNV AVATEPT PACT.

6. Avaperyvoovpe ioeg moodTNTEG OO TOVG 2 GNUACUEVOVS CUUTANPOUATIKOVS
KAMDVOLS KOl TOVG aprivovpe vo. amodiatoyfovv yio évo Aemtd otovg 90°C ko
OT CLVEXELD VAL GLVEVOBOVY GUUTANPOUOTIKA o€ Beprokpacio dopatiov Yo

30 Aemzd.

3.17.2 Electrophoretic Mobility Shift Assay (EMSA)

Kotémv, apov €xovue amopovacel To Tupnvikd EKYVAMOUOTE oG Kol LETPTGEL TO
Tocd NG TMPWOTEIVIG TOV OEYUATOV HOS, O OTeElPOo QoAidlo tomov eppendorf

npocHiTovpe Katd cepd to akdAovda:

o 0 x pvbuiotiko osAvuo. ovtiopaons (Binding Buffer)(Ix otov tedikd Oyko)
(PIERCE)

e 100ng/ul poly didC (SIGMA-ALDRICH ST. LOUIS, MO)
o 50% ylokepoin (2.5% otov teAKO OYKO)

e 1% NP-40 (0.05% otov telkd 6yko) (PIERCE)

e 200mM EDTA (PIERCE)

o [Oug mopnvikng mpwteivig (dciyua)

¢ Inhibitor mix (NaF+DTT+PIC+NA3;VO,+PMSF)
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o mpocbétovue ue d.H20 péypr Vred.=20ul.

AxoiovOel emdaon Yo 5 Aemtd oe Oegppokpacio dmpoatiov. Xt cvvExswn
npootifetan M ceonpacuévn pe Protivny dikiwvn DNA aAiniovyioa 50fmol otov
teMKkd 0yko (NF-kB 11 AP-1 DNA probe). H 6éopevon npoteivov-ceonuacpuévon
DNA yiveton yuoo 20 Aentd oe Oeppokpacio dwpoTiov. LTo TEAOG NG EMMOOCNG
mpocBétovpe Sul drdlvpa poéptwong kg (gel loading buffer) kot tomobetovpe T
Oelypotd pog mPooEKTIKA oTo QPedTIOl TG TNKTNAG TOL akpLAapdiov (5% ywpig

OO TOKTIKOVG TOPAYOVTEC).

To puOuostikd ddAvpa niextpodiov TBE, apykd mtapackevdaletor wg mukvo
dwahvpa 10 @opéc cuykevipwpuévo, ONAON:

e 10.8 gr Tris-Base

e 5.5gr Boric acid

e 0.83gr EDTA

e ddH20 éwg ta 100ml

[IMktopo dympiopod 5%: Xe mAactikd coinviplo tov 15ml mpootiBevtan pe
oelpa ta akoAovbaL:

o 2ml diclopo axpviouioio-oig-axpoiouioro (30% / 0.8%)

e 1.2ml TBEX10

e 150ul APS 10%

e 20ul TEMED

e 8.8ml ddH20

Apadvoope 10 puBuiotikd dwlvpa miektpodiov 10 @opéc pe ddH20,
(QOPTMVOLUE TO OelylaTo HOG GTO TNYNOAKIO TOL TNKIMUOTOS Kot epoppolovpe
pevpa otabepng Evraong 35mA yua mepimov 1 dpa oe Beproxpacio dwpotiov. Apov
dovue otn yéAn ot gel loading buffer €yel peratomorel katd ta 2/3 Tov PNRKoOLG ™G
véMG, Eexwvhpe ) OdKOGio TG UETOPOPAS T®MV GUUTAOK®V Ge €00 yopti
vitpokvtTopivng  pe TpOmo mopOpHolo pHe avtdv g texvikng Western blot aAAdd
ypnowomowve kKot wddt TBEx1 wg pubotikd diivpa petagopdc. Zroalovpe pe
™ ogpd (sandwich) Ta akdiovba oty TALLPA TS KABOOOV TNG KAGETAS LETAPOPAG:
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o X7moyyo dwafpeyuévo ue oroivuo petopopas (TBExI)
e 2 yapua Whattman No3

o [Tnixroua (gel)

o Meufpavn vitpoxvtrapivyg

e 2 yaptria Whattman No3

o XToyyo dafpeyévo ue O10ADUO LETOPOPAS

PvOpilovpe v niektpopopntikn cvokevn ota 100V , 380mA yu 60 Aentd og
Oeppokpacio 4°C. Tt cvvéysio tomodetodpe ™ pepPpévn VitpokLTTOPivC TOL
nepExel to. cuumAeypotd pog oe UV-light yio 10-15 Aentd dote va povyomomBovv
o1 deopol mpwteivng kot DNA (cross-linking). ‘Enetta yiveton ékhovon g pepppdvng
pe w6 pvdotikd ddivpa (Blocking Buffer) (PIERCE) xdivyng twv ehevbépav
Béocewv kabmg ko pue ddlvpa mov mepiEyel Streptavidin-Horseradish Peroxidase
conjugate apotouévo katd 1:3000 yia 15 Aentd (PIERCE). AxolovBoOv téc0epic
TEVTAAENTEG TAVOELS pe KabaploTikd drdlvpa (wash buffer) kou pio telkn Tivon pe

Substrate Equilibration Buffer ywa 5 Aentd (PIERCE).

H aviyvevon tov deopevpévov oto DNA mpoteivdv mpaypoatoroleiton pe v
TEYVIKN TNG EVIOYLUEVNG YNMEWQOTOVYENS TpocHitovtag otn pepPpdvn ioeg
nocdtteg Luminol/Enhancer solution kot Stable Peroxide solution (PIERCE). Ta
ocvumAéypato mTpotelvadv/DNA telkd amotvmomOnkav og (dveg auodpmong oe

evaicOnto potoypagkd film Kodak.

Hopornpnoeic uebodov:

To dIdC 1o ypnolwomoovpe Yo TV amoLYN SEGUELONG UN EWIKOV HOopiwV oTIg
Béoe1g 0éopevong Tov VIO UEAETN TAPAYOVTOL.

NaF: AvactoAéoc goceatacmv

DDT: IIpoctatevet tig SH-opddeg, peidvet ) onpuovpyio 9160vAQdinv

PIC: Ilepiéyer memotativn, Agvmentivn) Kot ampotiviv) Ol 0moieg OVOGTEAAOVY TIG
TPOTEAGES GEPIVIG, KVOTEIVIG KOl AGTOPTIKOV.

Na3VO04: Avactédrel ) 0pdon Tov ATPacoV kot Tig poo@atdoes TG TUPOSHVIG

PMSF: Avaotélel Tig Tpmtedoes oepivng Kot KUGTEIVIG.
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3.17.3. [1060TIKOTOING KOl EKTIUN G TOV ATOTELECNATOV

H nocorticomoinon kot 1 avdAvon TV OTOTEAEGUATOV [LOC, TPOYLOTOTOMONKE e TO

vroAoYloTIKO TPOYpappa Imagel software pe to omoio vroAoyiotnke Ko cvykpidnke

N évtaon kot o péyefog TV amoTLTOUEVOY (OVAOV apadp®oNg GTO POTOYPIPIKO

QUL

3.18 Avocoictoynpueio

Ylika

EvAOAN, arbavorn (Sigma-Aldrich St. Louis, MO)
AdAvpa  avaktnong avtiyovikov emtoénov TrissSEDTA pH 9.0 (Target
Retrieval Solution 3-in-1, Dako)
IMpwteivaon-K (Sigma-Aldrich St. Louis, MO)
Ydatikd dSdAvpa  vrepo&eidiovn  Tov  vdpoyovov (w/w) 30% (H20,)
(Applichem)
[Ipwtoyevn avtiicopata:

-évavtt tov RAGE, AGEs, LOX, ET-1 (Santa Cruz Bt)
AgEtphvn ovlevyuévn pe popo HRP kot poplo dgvutepoyevods ovTiodIOTog
aydg  €vavtl  avocoo@opvev  kKovvelov/moviikov  (Dako REAL™
EnVision™/HRP, Rabbit/Mouse) (Dako)
Xpopoyovo 3,3 -0apuvoPevidivn (DAB) (Dako)
Awato&uAivn (Applichem)

Méco otepémonc

I eprypapin s pedooov

[otwcég Topég méryovg Sum BeppdavOnkay oe kKAiPavo otovg 59°C yuo 30 Aemtd pe

oKomd TV oamoudKpuven TG mapoeiving. Aol euPoantictmkay  dwdoyikd oe

dwAvpata EuAOANG Kot aBovoing 100%, 96%, 80% war 70% tomoBetnOnkav, peTd

NV €VUOAT®ON, 68 POVPVO LKPOKLUATOV (95-97°C) péoa oe ddivpo Tris/EDTA pH

9.0 (Target Retrieval Solution 3-in-1, Dako) yw v avakTnomn ToV GVTIyOVIKOV

enmutonwv 6cov aeopd oty PC-1. I'a v PC-2, n avaknon npaypoatomomdnke pe
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dlopa tpwteivaong K otovg 37°C yia 20 Aentd. AkolovOnoe endoon o€ ddAvpa
H,0, 3% y1o v avaostoAn dpdong g evooyevos VTEPOEEIOAONG KO EPOPLOYN TV
TOAVKADVIK®OV TPOTOYEVOV avTICOUATOV 6Tovg 4°C 10 16-18 dpeg. X cvvéyeia
EPOPUOCTNKE OevTEPOYEVEG avticompo pe ™ uéBodo Envision yia 30 Aemtd Ko,
aKoAovOwc, to ypopoydvo DAB. Ot touéc epfontiotnkay e StdAvpo apotoELAIVIG
Kot apudatddnkav Kotd cepd oe dwwdvpata aboavorng 70%, 80%, 96% kot 100%
Kot Tpio O1ad0ykd dodvpata EuAOANC. H povipomoinon mpaypatorombnke pe vAKo
povipomoinong kot torofétnon kaivnrpidwv. Ta mapackevdopato mopotnpnonKoy

0€ OMTIKO UIKPOGKOTIO.

3.19 Kvtrapopstpio porig

Yiika
e Aidlvua PBS
e Awpa 1% (w/v) mapoaeoppardedong oe PBS
e Adivpo 1% (w/v) Triton-X100 o€ PBS
e  Awhvpa 5% (v/v) FBS oe PBS
e [lpmtoyevn avticopoato:
- IoAvxklowvikd avticopa orydg Evavtt tov vrodoyéoa RAGE
(Fitzerald)
- moAVKAWVIKO avticopa évavtt g LOX (Santa Cruz Bt)
- molvklovikd avticopo évavtt e ET-1 (Santa Cruz Bt)
e Agltepoyevn aviicopoTo:
- évavtt kovvelol culevypévou pe pBopdoypopa Texas Red (Santa
Cruz Bt)
- évavtt movtikov cvlevypévou pe Bopidoypopa FITC (Santa Cruz
- évovtt arydg ovlevyuévou pe ebopioypopa FITC (Sigma-Aldrich
St. Louis, MO)

Heprypapiy uebodoioyiag
48 mpeg petd ™ dapdivvon pe to mAacpuido PKD2-pEGFP-N1 ta kdttapa

cLAAEYONKaY, povipomomBnkav o mapoaeopuardeton 1% (20 Aemtd, 20°C),
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enoaotnkay pe dwivua 5% FBS (20 Aemtd, 20°C) kar axoroVOmg pe didAvpo
dwmepatdtog 1% Triton-X100 (20 Aentd, 20°C). ‘Eyve emmoon yuo pio dpo pe to
npotoyevn avticopato Evavtt e RAGE, g LOX kot g ET-1. £t ocvuvéyewn
TPOYUATOTOWONKE EMMOACT HE TO JELTEPOYEVT, GLLELYUEVO e TO. POBOPLOYPDOUATA,
aviloopote. H oamdktmon kot aviivon tov Jedopévev TPayLoTonomdnke oe
Kuttapdpetpo tomov FACSCalibur péow tov Aoyiopikod CellQuest Pro (BD
Biosciences).

3.20 ZraTieTiKi) avaivon
H crtotiotikn avédivon tov anotelespdtov tpaypotomomdnke pe to Student’s T-test
N two-tailed t test kot ta omotedéouata mov mpoékLyAV aEWOAOYHONKAY ®G

OTOTIOTIKMG SNUOVTIKA 0ty p<0,05.
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4. AITIOTEAEEMATA

4.1 Merhétn ™ onpotoddtnons tov AGES e HUVECS

Exopoon too RAGE otnv empaveio twov HUVECS

H avéivon pe kuttapopetpio pong £0€iée g o vrodoyéag RAGE exopaletarl oto
HeYOADTEPO T0G0GTO TV KoAAlepyovueveov HUVECS, 6mtwg gaivetar oty Ewdva

4.1B.

HUVEC 1ry CTRL.O06

10° 10° 104 10° 10" 10° 10°
RAGE-FITC RAGE-FITC

109 10!

Ewoéva 4.1: 'Eleyyog péom wvttapopetpiag pong e ékepacng tov RAGE oty
pepPpavikn emopdven tov HUVECS: A. Zuvolkodg manbvouog tov HUVECs B.
[TAnBvouog tov kuttapwv HUVECS mov ekppdlovy tov RAGE.

210 apyKod 6TAd10 TNG TaPoLGAS dlaTPPg LeretOnke N enidpaot twv AGES
0 QLOIOAOYIKE Kot TaBOAOYIKA avOpdmTve vOoINAoKA KOTTApO HECH YOPTYNONS
AGE-BSA. Ilpaypatomromnke 7y 10 okomd  ovtd  peAétn g
evepyomoinong/emceopvAiinong EVOOKLTTAPLOV TPOTEIVOV-GTO OV TOV
onpatodotikov povoratiov twv AGEs, tov MAP-kivacdv ERK1/2 kat v c-JUN og
kaAlépyeleg HUVECs mpoepydueveov omnd @uoloAoyikés yuvaikeg kabwg kot
npoepyodpeveov and yovaikes pe XI1Q kot Zokyapmon Awpnmm tomov 11 (ITivaxog
4.1). H avdlvon oot €ywve e T ¥pNon TS TVTOTOMUEVIG 0VOGOJOKILAGTNG TOTOV

ELISA nov Bacileton og kOtrapa (CASE-kit) (Kepdiawo 3.11)
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Awpinng

®vororoyika 2I1Q
Kineng

15 15 24

IMivaxkag 4.1: O ocvvolikdg apBudg derypdtov HUVECS mov peiethOnkov frtov 54.
[Ma v avdAivon Tov amoTEAECUATOV YPNCIUOTOMONKE N GTATIGTIKN doKipacio two-

tailed t test.

I) Evepyomoinon/omo@opvrioon g ERK1/2 pe 1 yopig AGES

B
Erk1/2 phosphorylation |
without AGEs Erk1/2 phosphorylation
T with AGEs
E 9 5,
§ . E ‘
£ o i
g & 3 A
z 3 ‘
_"ET L "‘ E 4 ad
2 - A A g L ] A
£ ¥ s 2T =
2 - T 2 .
Z | o on £
A Bl s : 3% R e

Normal PCOS Gest..Diabetes Normal PCC;S Gest. [‘)iabetcs
Ewoéva 4.2: AypQupote ToV GUVIEAEGT CGYXETIKNG POGPOPLAIMONG TG TPMOTEIVNG
ERK1/2 oe HUVECs ¢ucioloyikdv yovorkomv (Normal), yovakov pe XI1Q (PCOS:
polycystic ovary syndrome) 1 dopntn komong (Gest. Diabetes) yopig (A) | pe v
napovoio AGE-BSA (B).

[MopampnOnke otatotikd onuoavtikny owgopd (p=0,0105) peta&d tov
OUAd®MV TMV PLGIOAOYIKMV YUVOIK®Y KOl 0VTAOV LE dafrTn Kimong Kobmg Kot HETOED
™m¢ opddac pe EI1Q ko pe dwPntn komong (p=0,0026) evd dev mapatnprOnke
oToTIoTIKA onpavTiky] dtapopd (p>0,05) peta&d tv opddmv TV PLGIOAOYIKMOV Kot
yovakov pe ZIQ. Eratiotkd onpoavtikn dweopd (p=0,0071) napatnpnfnke petasd
(QLOIOAOYIKAOV KOl YOVOIKAOV [E dtofnTn kdnong kabmg kot petald yovakomv pe XI1Q

Kot yovak@v pe dwfnmm xomong (p=0,0023) evd dev mopatnphdnke oTOTIGTIKA
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Relative phosphorylation index

onuovtiky dtagopd (p>0,05) peta&d puotoroyikdv kot yovaikov pe XI1Q (Ewova,

4.2).

1) Zvykprruci evepyomoinon/@ws@opvrinen g ERK1/2 pe k ympig AGES

A B r
Normal .
) PCOS 5 Gest. Diabetes
g g
4n . é 2.0+ 5 -
R ©
3 > 1.54 L] ] = | o &
* 2 * 12 6 oo l-.
24 §1.o o350 i = . -
£ = 2 S =
| EE i o £ = :
) ] < % LT A0 T snllan
0 o 0.0 T T < 0 T T
without with without with without with
AGEs AGEs AGEs AGEs AGEs AGEs

Ewova 4.3: Zuykpitikd SorypapUoTO TOV GUVIEAEGTMV GYETIKNG QPOOPOPLAI®ONS
™m¢ mpoteivig ERKL/2 ywpig (without AGES) i ue v mapovcioo AGE-BSA (with
AGESs) oe HUVECs @uociohoyikodv yovarkov (Normal) (A), yovowkov pe  ZI1Q
(PCOS) (B) 1 dapntn xvmong (Gest. Diabetes) (I').

Aev mopotnpinke otatiotikd onuavtikny dapopd (p=>0,05) oe kapio omd
TIG TPELG OUAOES OEIYUATOV YOVOIK®V: QUGIOAOYIKOV, pe ZI1Q 1 pe dafntn konong,
HETOEL detypdtov yopig v enidpacn AGES aldd kot petald tov detypdtov pe
12wpn endaon pe AGE/BSA (100ug/ml) (Ewova 4.3).

111) Evepyomoinon/@wopopvrimen g c-JUN pe 1) yopis AGES

Agv mopatnpnOnkav otatiotikég onuavtikeés dtapopés (p=>0,05) tdéco petatd
QLOIOAOYIKAV Kot YOvouk®V pe ZI1Q 660 kot peta&h QUOIOAOYIKAOV KOl YOVOIK®V UE
dwfntn Kdnong. Ztototikd onuavtikny dagopd (p=0,0352) mapatnpnfnke petadd
QLOOAOYIKOV Kot yovaukov pe XI1Q. Metald @LGOAOYIKGOV KOl YOVOIK®OV HE

dwafntn Kumong dev mapaTnPNONKE 6TATIOTIKA onpavtikn dapopd (p=>0,05).
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Relative phosphorylation index

A B
c-JUN phosphorylation

c-JUN phosphorylation with AGEs

without AGEs if 2 5.
3 2.5 = a
= s 2.0
£ 204 5 é 'l
‘T-’:. 1.54 * = = g e -
= 1 . =
2 axt & » —a— A
s # . A Z 1.04 _ﬁ;r
F 1.0 ‘#L =2 -'#5‘- u
2 ™ | L - » w = [ .\. i
Soos{ o - : £ 5 . .
= =
iﬁ 0.0 ' ' . & oo T T

Normal PCOS Gest. Diabetes Normal PCOS Gest. Diabetes

Ewova 4.4 AoypQuuoto To GUVTEAEGTY] CGYETIKNG POGPOPLAIMONG TNG TPMOTEIVNG
c-JUN oe HUVECs guotodoyikdv yovaikav (Normal), yovowov pe ZI1Q (PCOS) 1
dwaPnn komong (Gest. Diabetes) yopic (A) N ne v mapovoia AGE-BSA (B).

IvV) Zoykprriki) evepyomoinon/@mopopvrioen s c-JUN pe ka yopic AGES

A B r
Normal PCOS Gest. Diabetes

2.0+ 2.5+

L4 2.04

1.54 °
1.54 [ 1]

1.01 —‘.%%h— _-.:!:E:_

0.54 L

1.04 %.." _ﬁ_

° | |
0.54 @ s

Relative phosphorylation index
L J

Relative phosphorylation index
L J

without with without with without with
AGEs AGEs AGEs AGEs AGEs AGEs

Ewova 4.5 Zouykptikd SaypappoTo TV GUVIEAECTOV GYETIKNG QMGPOPLAI®ONG
m¢ mpoteivng c-JUN yopic (without AGES) 1 pe v mopovoioa AGE-BSA (with
AGEs) o HUVECs ¢uoioloyikdv yovoukedv (Normal) (A), yovakov pe  ET1Q
(PCOS) (B) 1 dapnn komong (Gest. Diabetes) (T).

[Mopatmpndnke otatiotikd onpoavtiky dweopd (p=0,0105) oty ondda pe
2IIQ peta&d derypdrov yopic mv enidpacn AGES kot derypdrov pe 120pn endoon
ue AGE/BSA (100ug/ml). Aev mopotmnpnibnkav oTatioTikd GNUOVTIKEG O10(pOPES

(p>0,05) ota @uooroyka delypoto KobmG kot ot delypoto and Sapntn petag&d
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avt®V Yopic v enidpacn AGES kat avtov pe 12mwpn enodoon upe AGE/BSA
(100pg/ml).

Yvvoyilovtog mopatnpnOnke 6t n yoprynon tov AGEs dev odnqynoe oeg
OTOTIOTIKA OMUOVTIKY gvepyomoinon tng kwdong ERKI1/2 peta&d ¢@uoioloyikmv
evoonlakmv kuttdpov kot ard XI1Q ko dapn kdnong. IHopatmpndnke Opwmg
OTOTIOTIKA onpavtikny evepyomoinon ¢ C-JUN ota evéobnilakd kdttopa amd XI1Q
katomy yopnynonsg AGEs ce oyéon pe ta QUGIOAOYIKA 1] GTO TPOEPYOUEVO IO
dwpnm wdmong. H avénuévn evepyomoinon tov c-JUN oto ZIIQ ogeileton o1t
yopnynon tov AGEs.
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4.2 Mehétn ™ onpotoddtnong tov AGES 6g kvttapa O1kng eripvmv

Alepebhvnon g &vepyomoinong/emcPopLAI®OoNG TOV TPAOTEIVOV CTOY®OV
MAP-kwvacov (ERK1/2, ¢-JUN kot p38) mpoaypatomomdnke kot 6e KOAMEPYELES
KuTTtdpov ONkng mov amopovabnkav omd ®obMKec 7 (QLGIOAOYIKOV OPOVPUiOY
Sprague-Dawley 30 nuepodv kot otig omoieg yopnyndnke AGE-BSA vy 12 dpeg
(KepdAaio 3.2.1).

H perém g evepyonoinong/ewcpopviinong tov MAP-kivacov ERK1/2, c-
JUN xon p38 €ywve pe m ypnon avocodokipociog tomov ELISA mov Poacileton og
kottapo (Kepdrowo 3.11) mov Paciletor oTovV QOTOUETPIKO TPOGIOPIGUO NG
POoPopLYAM®UEVN/EvEpyoTOMUEVNC Hopeng Twv phospho-c-JUN, phospho-ERK1/2
kot phospho-p38 kat ¢ oAkng popeng tov mpoteivov ¢-JUN, ERKI1/2 ot p38
avtiotolryo, UETE Amd EMMOOCT TOV KLTTAP®V UE EOIKE OVTICOUOTA Yol TNV KAOE
Hopon. Xt0 TEAOG Yo TNV KABE TPOTEIVN TPOKOMTEL O GLUVTEAEGTNG EVEPYOTOINOMG,
OMAdN 0 AOYOC TG POGEOPLAIMUEVTG TTPOS TNV OAIKT] LOPPT) TNG TPOTEIVG.

210 QO HOVOUEVO KOTTAPO O1KNG 0povpaion Kot TPOKEWEVOL Vo dlepeuvn el
edv 1 evdeyouevn evepyomoinom oamd v yopnynon tov AGE/BSA yiveton pécm tov
a&ova RAGE — MAP-kivacov — NF-kB. mpayuatorombnke enmoon: o) yopic v
enidpaon AGEs ota xottopa (Controls), B) Metd amd emidopaocn pe AGEs
(AGE/BSA) yw 12dpeg oe ovykévipwon 100ug/ml, y) Metd and enidopaon pe AGEs
(AGE/BSA) vy 12mpec oe ovykévipoon 100ug/ml apod duwg gixe mponyndet mpo-
ENDOOT TOV KVTTAPOV Yo 1,5 dpa i) pe avticouo évoavit tov vrodoyéo RAGE (anti-
RAGE Ab), ii) pe tov avactoréa PD98059 évavtt tov MEK kivac®v mov avaotéAlel
mv evepyomoinon MAP kwvacov ERK1/2, iii) pe tov avactoréa BAY 117085 mov
VOO TEAAEL TNV EVEPYOTOINGT TOV HETAYPAPKOV TTapdyovta NF-kB.

Yto  owypdppate  mTov  akoAovBobvV  TapovcldlETol O GULVIEAEGTNG
evepyomoinong g c-JUN, mg ERK1/2 kot tg p38 pe n yopic AGEs anovoia 1
nopovcia Tov avactoréwv (anti-RAGE Ab, PD98059, BAY117085).
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Activation of ERK1/2 in rat theca cells

0’8 p=0.06
9 ' *
§ * % . * %
= 06 1
C
kel
©
>
S 041 I
a T 1 T
S |
o |
o}
2 024
©
©
1
0
% g, g; ) 8
n %, 9, 4.
4

Ewova 4.6: Alqypoppor Tov GUVTEAECTN] GYETIKNG QPMOOPOPLAI®ONG TNG TPWOTEIVNG
ERK1/2 oe xolMépyeiec kuttapov Onkng apovpaiov yopic (Control) | uetd v
120pn endaon pe AGES (AGE-BSA) kot LETA 0md TPOo-ENMAOT LLE OVAGTOAEIG anti-
RAGE Ab, PD98059 kot BAY117085.

[Mopotnpnbnke  otatiotikd  onuoavtiky — oavénuévn  evepyomoinon/
ewopopvrioon g ERK1/2 (p=0,005) kou ¢ c-JUN petd and 12mpn endaon pe
AGE/BSA og oyéon pe tovg paptopeg (Control). H adénon avty g
evepyomoinonc/emceopvAiinong tov ERK1/2 kot g c-JUN avactpdonke petd and
™ 120pn enooaon pe AGE/BSA o6tav eiye mponyn0el npo-endoon yw 1,5 dpa pe to
avticopa évavtt ov vrodoyéa RAGE (p=0,008), tov avactoréa tov MAP kivacdv,
PD98059 (p=0,008), kat tov avoaoctoréo tov NF-kB, BAY117085 (p=0,06)(Ewova
4.6 ko 4.7).
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Activation of c-Jun in rat theca cells
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Ewoéva 4.7: Aldypappior Tov GUVTEAESTN GYETIKNG POGPOPVAMONG TNG TPMTEIVIG C-
JUN o¢ kaAMépyeieg kuttapmv Onkne apovpainv yopic (Control) 1 petd v 12mpn
endaon pe AGEs (AGE-BSA) kat petd omd mpo-endaocn pe avaotoieic anti-RAGE
Ab, PD98059 kou BAY117085.

AvtiBétmc oev mapoatnpnOnke avénomn g evepyomoinong/eooeopvAimong
™mc MAP-kwvdong p38 petd and emwoon pe AGE/BSA otig xoAMépyeles tov

Kuttapov Onkng Ewdva 4.8.
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Activation of p38in rat theca cells
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Ewoéva 4.8: Adypopiol TO GUVTEAEGTY) GYETIKNG POCPOPLAI®ONG TG TPp®TEIVIC P38
oe KoOAMEPYEIEG KuTTapmv ONKNng apovpainv yopic (Control) 1 petd ™mv 120pn

endaon pe AGEs (AGE-BSA) kat petd omd mpo-endaocn pe avaoctoleic anti-RAGE
Ab, PD98059 ka1 BAY117085.
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4.3 Mehétn ¢ onpotoddtnons tov AGES 6e HAECS

Eraywyn e yovidwoaxne éxppaonc e ET-1 kou e LOX uetd v emwaon twv
HAECs ue AGEs

H emaydpevn yovidiakn ékgpoon (emimeda MRNA) tg ET-1 ko g LOX petd
yopnynon AGE-BSA ¢ cuykevtpmoeilg 100 kot 200 pg/ml kot yo xpdvovg enmdoong
48 ka1 78 wpav, peremnke péocw moootikng PCR (Kepdiato 3.16). H yopnynon
AGE-BSA ot xoAépyeiegc HAECS endyet onuoviikd v peTaypaen Tov yovidiov
™G ET-1 kot ¢ LOX katd éva 6060- kot ypdvo e€aptopevo tpomo (Ewoveg 4.11 &
4.12). O TNF-a ypnoyomomdnke wg OeTikoc paptupag.

m 100pg/ml
m 200pg/ml

[
3 | I

Relative expression
[ ]

Control TNF-a 48h 72h
AGE-BSA

Ewova 4.11: TIpocsdopiopdg g yovidwokng ékepacng (MRNA) g ET-1 péow
nocotikng PCR petd ™ xopriynon AGE-BSA.
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Control TNF-a 48h 72h

Ewova 4.12: TIpocsdopiopdg g yovidwkng kepacng (MRNA) g LOX péow
nocotikng PCR petd ™ yopriynon AGE-BSA.
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H yopnynon AGE-BSA ora HAECS adénoe ta npwteivika enineda twv P-ERKI/2 kai
p-c-JUN

O Control

e
p-ERK1/2 — :‘ L5 - m AGE-BSA

p-c-Jun | s -

*

0,5 f ]

Acin| QD WD | : l
0

p-ERK1/2 p-c-JUN

Ewéva 4.13: H avdlvon pe avocoamotinmon katd Western (Kepdiawo 3.10) og
TPOTEIVIKA ekyvAiopata (kepaioto 3.7) HAECS petd omd v enmoon tovg pe AGE-
BSA yw 72 dpeg ko og ovykévipoon 200 pg/ml £6eiée 0TL | TPOTEIVIKY EKPpaon
TOV EVEPYOTOMUEVOV/ POSPOPLMOUEVEDV Hopedv Tov MAP-kivacov ERK1/2 ko
p-c-JUN avénbnke otatiotikd onpavTikd.
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H ernddoon twv HAECS ue AGE-BSA mpoxdleoe v evepyomoinon koi mpocosoy TV
uetoypapikayv mopoyoviwy NF-kB ka1 AP-1 grovc vrokxivntéc tawv yovidiwv ET-1 kai
LOX

[Tpokeévou va damotwdel n ocvupetoyn tov enayopevov ond to AGES
petaypaeikav mopaydviav NF-kB kot AP-1 ot yovidiaxn poOuon e ET-1 kot g
LOX petd t yopnynon AGE-BSA, mpaypoatomomnke €Aeyyog TG TPOGOETIKNG
wKavoTnTag TV petaypapikav rtopaydviov NF-kB kot AP-1 otovg vrokivntég tav
yovidiov tov ET-1 kot LOX péow EMSA (Kepdrao 3.17). H endaon tov HAECS
ue AGE-BSA vy 72 opeg ko og ovykévipoorn 200 pg/ml mpoxddrece ovénuévn
TPOGOETIKN KAVOTNTA TO®V HETAYPUPIKOV Tapayoviov NF-xB kov AP-1 otov
vrokvN T 1060 ToL Yovidiov TG ET-1 660 ko g LOX og (Ewoveg 4.14 & 4.15).

A HAECs | - +

- - = - + S -
HAECs + AGE-BSA | - -+ o+ o+ - - S w W o
NF-KB p65 Ab - - w g e e o SRR g
p-c-Jun Ab - - - - 4+ - - - - + - -
LY i
Lopnoke “ | e eioo
NF-KB (¥ N " AP-1
B |
EAg0Bepog EAe0Bepog
avixveutric> QVIXVEUTIS
B
g NF-KB/ET-1 : e 2
210 “KB/ET- 589
5 B
£ s by
2 221
2 6 )
-] @2 -
¥ ¥
z 4 Z |
2 =
K ’—‘ R
& 0 @,
Control AGE-BSA anti-NFkB Ab anti-p-cJUN Ab Control AGE-BSA  anti-NFkB Ab anti-p-cJUN Ab

Ewova 4.14: Avdivon g mpocdetikng wovotntoag pe EMSA tov petaypoapikov
nopayoviov NF-xB kot AP-1 otov vrokwvnt) tov yovidiov g ET-1. A. AGE-
emayopevn déopevon tov NF-kB kot AP-1 ctov vrokwvnt tov yovidiov g ET-1. B.
[TocoTikomoiNo™n TV ANOTEAEGUATOV.
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Ewoéva 4.15: Avédlvon g mpocdeTikng wovotnrtag pe EMSA tov petaypapikov
napayoviov NF-xB kot AP-1 otov vmoxivnt) tov yovidiov g LOX. A. AGE-

enayopevn déopevon tov NF-kB katr AP-1 otov vrokwvnt tov yovidiov g LOX. B.
[TocoTikomoinon TOV ATOTEAECUATOV.
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Avéivon e mpoteivikne éxppoonc tov RAGE koi twv ET-1 xou LOX ueté tnv

erwaon ue AGE-BSA

Mo vo peremBei n mpoteivikny €kppacn tov RAGE kabdg kot tov ET-1 kot LOX
petd t yopnynon AGE-BSA (72h, 100 pg/ml) ce HAECs mpoaypotomombnke
avédivon pe kottapopetpion pong (Kepdiao 3.19). H avédivon avt) €d6eiée mwg 1
TpoTeivViKn ékppacn tov RAGE ota HAECs, petd v enidpaon tov AGE-BSA, dev
emnpedotnke eved ovtég Tov ET-1 kot LOX avéndnkav (Ewova 4.16).
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Ewova 4.16: Avélvon pe Kottapopetpio pong g Ekepaons tov RAGE (A), g ET-

1 (B) kau g LOX (I).
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4.4 Mehétn ™ onpotoddtnons tov AGES 6g aoptiké evoodnio exipvmv

[Mpokewévov va yivelr évag IN VIVO cvoyeticpds pe ta mpoovapepbivia
OTOTEAEGLOTO YPNOOTOMONKE €vor AEITOVPYIKO HOVIEAD (QUOIOAOYIKAV ETIHV®V
0TOoVG omoiovg eiye yopnynOel Yo 3 punveg dlonta YOUNANG | VYNANG TEPIEKTIKOTNTOS
oe AGEs (LOW-AGEs «xoat HIGH-AGEs avtictoyoa)(Kepdhoao 3.18). H
AVOGOIGTOYNIIKY avdAvon 6g TopES and To evoonAlo aoptrg £0€1Ee VYNAN EKQpaoT
Kot ovvevromiopd tov popiov AGEs (Ewova 4.17), RAGE (Ewoévo 4.18), ET-1
(Ewova 4.19) ka1t LOX (Ewova 4.20) ot0 00pTtikd evéobAlo tng opddag mov giye
Mapet HIGH-AGE:S diatta og oyéon pe toug LapTupEC.

Ewova 4.17: Avocoiotoynukdg eviomiopdg tov AGES oto aoptikd evooOniio
QLOIOAOYIKAOV eIV o1 omoiot elyav AdPet diota mAovoa oe AGES (A) og oyéon

ne (oo paptopeg (B).

A
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Ewéva 4.18: Avocoiotoynukédg evtomopog tov RAGE oto aoptikd evéobniio
QLOIOAOYIKGV eTipL®V o1 omoiot glyav Adfetl diota mhovowa oe AGES (A) oe oyéon

ne (oo paptopeg (B).
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Ewéva 4.19: Avocoilstoynuikdg evtomicpog g ET-1 o610 aoptikd evéobnio
QLGOAOYIKOV eMip@V ot omoiot elyav AdPet dlouta mAovoa oe AGES (A) oe oyéon

ne (oo paptopeg (B).
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Ewéva 4.20: Avocoilstoynuikdg evtomicpog tg LOX oto aoptikd evéobnio
QLOIOAOYIKGV eTipL®V o1 omoiot glyav Adfetl diota mhovow oe AGES (A) og oyéon

ne (oo paptopeg (B).
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4.6 Ahiniemidpaon TG onpatod6Tnong Tov AGEs kot tov Xtpeg T0v EA

H yopnynon AGE-BSA avéoreile tov mollarlaoiaoud twv HAECS katd éva dooo- kau

YpOovo elapTmusvo tpomo

INa va dtkevkavOel ) enidpaon tov AGES 610V ToALOTAAGIOGHO TV EVO0ONALOKMV
Kuttdpav, yopnyhnkav ota HAECS avéntikég cvykevipooeig (100, 200 pg/ml) un
tpomomomuévng Poésov arfoopivng (bovine serum albumin, BSA) 1 AGE-BSA ya
SPOPETIKOVG YpOVOLG (24, 48, 72 dpeg). H doxipacio MTT (Kepdrowo 3.4) vrédeiée
OTL M YOPYNOTN TOV EAITTOCE GTATIGTIKA onpavtika v enPinon tov HAECS kotd
éva ypovo- kai 60c0-eEaptdpevo Tpomo (48 mpec - 100 ng/mL AGE-BSA: p<0,01; 48
dpec - 200 pg/mL AGE-BSA: p<0,05; 72 mpeg - 100 pg/mL AGE-BSA: p<0,05; 72h
- 200 ug/mL AGE-BSA: p<0,001) (Ewoéva 4.21 A). Emupocheto ) xoprynon tov
QOPLOKELTIKOD emaymyén, Tov otpeg Tov E, tovvikapvkivng (tunicamycin), eixe to
010 anotéheoua pe TV d6on vyYNAOTEPNG cvykévTpwong tov AGE-BSA (200 ug/mL)
Kol peyoAvtepng ddpketlag emmaong (72 opeg) (p<0,001). H cvuvdvactikn yoprynon
TOVVIKAPVKIVIG Kot vynAOTEPOV cuyKevipdoewv AGE-BSA £6eiée pikpn eldttmon
0V ToAlamAaclocpov Twv HAECS mpoteivovtog Evav pun cuvepyloTiKo OmoTELEGHO

HETOEL anTAOV TV dvo Tapaydviov (Ewova 4.21 B).
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Ewova 4.21: Avactod tov moAlamiaciocpod tov HAECS petd amd yoprynon
AGE-BSA «at tovvikapvkivig.(A) Xe kdttapo mov enmdotnkav pe BSA 1 AGE-
BSA o¢ cuykevipooeig 100 kot 200 pg/ml ya 24, 48 kot 72 dpeg npaypatomomdnke
n dokwacioc MTT (B) AveEdptmra mepdpoto pe GuvOLAOTIKY  YOpRynon
tovvikopvkivig (5 pg/ml) yuo 24 dpeg kar avéntikég ovykevipmoelg AGE-BSA (100-
400 pg/ml). H emPimon tov kuttdpov, Laptopov, 6ta omoia dev yopnynonke koptio
ovaia (control) Bewpribnke 100%. *p < 0.05, **p < 0.01, ***p < 0.001.
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H encvaon ue AGE-BSA mpordieoe tnv emaywyn tov orpec tov EA oto HAECS

Boolopuevotl oe mpodopates peAéteg mov meptypaeovy v epmiokn twv AGES
oTN oNUATOdOTNOT TOV OTPeG ToL EA, diepevvncape v mhovn EmT0y®yn TOL GTPESG
tov EA ko v €k@paon tov ovotatikedv tov UPR petd and yopnynon AGE-BSA.
Humoootikn avédivon pe PCR (Kepdhowo 3.13) €deiée avénuévn ékepacrn tov
popak®v cvvodmv GRP78 kat GRP94, tov Pacik®dv JEIKTOV TNG ETAY®OYNG TOV
otpec Tov EA og 0Aeg T1c ouvOnkeg mov peremOnkav (Ewova 4.22). IoapatnpnOnke
emiong avénon ota eninedo Tov MRNA tov XBP-1 6toug pukpodtepovg ypdvovug (24
Koaw 48 mpeg) ko oty younAdtepn ovykévipoon (100pug/ml) xebdc ot tov
TPoiovTog evolhoktikod paticpotog tov XBP-1 (spliced XBP-1) otig 72 dpeg
(Ewova 4.22 A kdto BEL0C), TpoTEivovTag TNV QUECT EVEPYOTOINGT] TOV HOVOTATION

tov IRE-1 ntapoveio twv AGES (Ewova 4.23).
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D=1 <= Spliced

Actin

Ewéva 4.22: H yopnynon AGE-BSA erdyet v adénon tov emmédov MRNA tov
ovotatikdv tov UPR ota HAECs. Hlextpoedpnon DNA oce mrixtopa ayopdlng
(KepdAaio 3) tov mpoidvimv mov deiyvouv ta emineda tov Ekppacns tov MRNA tov
GRP78, GRP74, XBP-1 petd and avdivon pe RT-PCR.
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Ewova 4.23: Ta dwypdppata mapovsialovy v mocotikonoinon (Image J) tov
npoiovtov ™m¢ RT-PCR: (A) GRP94, (B) GRP78, (I') XBP1 (Ewdva 4.22) petd and

KOVOVIKOTIOIN G 0G TPOG TOL EMMEOA EKOPACNG TNG AKTIVIG.

EmumAéov, pelembnkav to mpoteivikd eninedo EKQPACNG TOV TPOYL®V
tereot®v Tov UPR, GRP78 kot tov telMkdv tedeotov p-elF2a kar CHOP XBP-1 ov
axoAovBovv v endaomn pe AGE-BSA.
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Ewoéva 4.24: H yopnynon AGE-BSA av&avet ta mpoteivikd eninedo tov GRP78 kot
dAlov ocvotatik®v tov UPR. (A) Ta mpoteivikd enimeda towv GRP78, p-elF2 a ,
XBP-1 ka1 CHOP avoAbOnkav péow avocoomotdnmwong katd Western, petd omod
yopfiynon AGE-BSA oe HAECS o avéavopeveg ouykevipaooelg (100, 200ug/ml) yuo
dpopeTikovg xpovoug (24, 48 ot 72 dpeg). (B) Xto dbypoppa ameucoviletar n
TOGOTIKOTOINGN TOV OMOTEAEGUATOV (KOVOVIKOTOINOT Ue T MINEdD £KPPAGNS TNG
axtivig). H tovvikapvkivn (5 pg/ml yio 24 dpeg) ypnopomombnke wg Beticdg
HapTLPOG TG ETAYWOYNS TOV GTPES Tov EA.

H éxoppaomn tov GRP78 Bpébnke va eivar avénuévn oe OAeg T1g 00GELG Kot

rpovovg enmaong (Ewova 4.24) oe cvppwvia pe to enimeda Ekepacns tov MRNA
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(Ewova 4.23). TMopdpota tdon mopoatnpndnke emiong ot TPOTEIVIKA emineda
éxppaong tov XBP-1 1o omoia moapépevav avénuéva 6toug pKpdTEPOVg YPOHVOLGS
emmoons (24 ko 48 mpeg) Kol PEWUEVO OTIC 72 MPEC EMMOONG KOl Yo TG 60O
ovykevipaooelg AGE-BSA (Ewdva 4.24). T va diepguvnOel 1 umAokn TV TEMKOV
teheotdv 100 UPR o10 gmaydpevo and ta AGES otpeg tov EA, pedetnkov udpa
KAe101d Tov povomatiov PERK. Onwg gpaiveton otnv Ewova 4.24, n yopriynon AGE-
BSA ota HAECs abvénoe v €k@ppacn Tov @oc@opvAlopévov timov tov elF2a kot
TOV TPO-AMOTTOTIKOD peTaypapikoy mapdyovio CHOP katd éva ypodvo- kot 66c0-
eCaptopevo tpomo. YynAdtepa emineda mopatnpndnkav otig 48 dpeg yioo v

peyoAvtepn ovykévipwon AGE-BSA kot otig 72 dpeg kot yio TIg 00 GLYKEVTIPMOOELS,.

H yopnynon AGE-BSA rmpokaleoe tnv emoyousvn omo 1o orpec tov EA omdnrwon oto

HAECs

INa vo emPeforwbel m emaywyn TOL TPO-AMOTTOTIKOD HETOYPOPIKOV
napayovta, CHOP petd amd v yoprynon tov AGES, eAéyyOnkav to emineda
éxppaong tov MRNA ypnowonowwvtag mocotikn PCR. Ta amotedéopata £deiov
He VYNAOTEPO OTATIOTIKO oNUovTikd PBabud emaywyng tov emmédov MRNA tov
CHOP ocvykpivopevo pe ta Tpoteivikd enineda EKQpaong oTig 72 dpeg ETMOONS Kol
vy 115 000 ovykevipwoelg (Ewova 4.25). To edpnua avtd vrédeiée v mpoOKANon
andntwone mov olapecorafeiton and tov CHOP ota HAECS petd and emmoon pe
AGEs, n omoia diepevvinke Tepattépm HEG® OVAALONG OECUELOTG TOV GLUTAOKOV
avve€ivng-V/iodide pe t ypfon kuttapopetplag pomg (Ewova 4.26). H vynin
ovykévipwon tov AGES (200 pg/ml) yio 48 kot 72 dpeg endoong TPOKAAESE pia
ONUAVTIKA avénon Tov TPOYOV amonT®TIKoy KAdopatog tov HAECS (4- kot 8-
Qopég, avtiotorya). EmmAéov, n cuvenmaon pe tovvikopvkivny kot AGES d6ev avénoe
TEPULTEP® TO TOGOGTO TOV TPOIUDV OTMOTTOTIKOV KUTTAPOV GUYKPIVOUEVT HE HOV
™m¢ v Tovvikopvkivn (39.64% évavtt 37.51% twv opobetmuévev kuttdpov). To
amotéAecpo. ovTOd givol cupPotd pe Too 0£dOpUEVE KLTTOPIKOD TOAAATAAGIOGILOV
(Ewovag 4.26B), mapéyovtag mepattépm evoeielg yuo £va Koo pnyovicpnd peta&d
ToVAGES kot g tovvikapvkivng oty enoywyn g anodntwons ota HAECS péow

gvepyomoinong tng onpartoddtong tov UPR.
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Ewova 4.25: Enayoyn tov mpo-amontotikov petaypoeikov rtapdyovia CHOP petd
and yopnynon AGE-BSA. Ta erineda MRNA tov CHOP a&oroyndnkav péow
nocotikig PCR (Kepdiawo 3.16) oe HAECS petd and yopriynon AGE-BSA oe¢
avéavopevee ovykevipooel; AGE-BSA o HAECS o avEavOoueveG CLYKEVIPOGELS
(100, 200ug/ml) yio dwpopetikovg xpovovg (24, 48 kar 72 opeg). O TNF- a (50
ng/mL yw 4 dpec) kot 1 tovvikapvkivy (5 pg/mL yuo 24 ®peg) ypnoomomonkay
¢ Betcoi paptopec. *p < .05, **p < 0.01, ***p < 0.001.
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Ewova 4.26: To AGE-BSA npokdrece amdntwon ota HAECS katd éva ypdvo

eCaptopevo tpomo. H andmtwon tov HAECS dwumiotdbnke péowm g doxiaciog

déopevone tov cvumddkov avveEivn V/PL. Zta HAECS dev eiye yopnynbel xopia

ovoia, paptopeg (control) (A) 1 eiyav yopnynOei AGE-BSA (200 pg/ml) yia 48 dpeg

(B) ko yia 72 dpeg (IN), tovvikopvkivn (5 pg/ml) yio 24 dpeg (A) Kot TOLVIKOULKIVY
(5 wg/ml) pali pe AGE-BSA (200 pg/ml) ywo 24 opeg (E). To mocootd tmv

opobetnuévov (gated) kuttapwv deiyvetar og kabe tetaptipnopo (Ilave aprotepd: %

VEKPOTIKOV Kuttdpov, [Tdve de&id: % anontotikov kuttdpov, Kdto apiotepd: %

ATOTTOTIK®OV KVTTApV, Kdtw de&1d: %o TpOY®V OmTOTTOTIKOV KVTTAP®V).
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5. XYZHTHXH

Ta AGEs givat dpaotikd poplo dtoacvvdeong, ta omoia oynpatiCovior amd un
evOupIKn avTidpacn TV aVNYUEVOV COKYOP®V UE TIG OUIVOUAOEG TPOTEIVOV Kot
Mmdiov. Mropel va mpokarésovy PAAPN o€ 16T00¢ TOCO AUEGA, LEGH PAVOUEVDV
OT®G TayideLoN Kol S10GVVOEST), OGO KOl EUUECH UEGH OEGUELONG GTOV HEUPPOVIKO
vrodoyéa tovg RAGE omyv emopdvela 6109opmv  Kuttdpov  (gvoodniokav,

LLOVOTTOPTVOV, OYOKOTTOP®Y, VEVPIK®V Kot A&inv puikdv kuttapmv) [5, 6, 52].

To apykd o1ad10 TG mopovcas PeEAETNG mepteAdpuPave ™ diepedvnon g
emidpaon AGEs pe ™ yopnynon AGE-BSA oe @uooloyikd kot maboAoywkd
avOpodrvo evéodniio (Zaxyapddng Awaprng tomov Il ko XI1Q) péow pelétn g
EVEPYOTTOINONG/ POGPOPLAIDONG GLYKEKPIUEVOV EVOOKLTTAPIOV TPOTEIVAOV-GTO WOV
T0L oNuaTodoTIKoL povormatiov twv AGEs mov mepihapfavovv tig MAP-kivdoeg
(ERK1/2, c-JUN). ITapatnpnnke 6t1 n yopfiynon tov AGEs dev odfynoe oe
OTOTIOTIKA ONUAVTIKY evepyomoinon ¢ kwaong ERK1/2 peta&d @uoioloyikodv
evooOnAlak®V Kuttdpwv Kot amd ZI1Q ko dwPntn komone. Iapoatnpnbnke Opmg
OTOTIOTIKA onuavTikn evepyomoinon g C-JUN ota evdobnAlaxd kottopa and ZI1Q
katomy yopnynons AGEs ce oyéon pe ta QUGIOAOYIKA 1] OTA TPOEPYOUEVO OO
dwpnm kdnong. H awénuévn evepyomoinon tov c-JUN oto ZIIQ ogeileton o1
yopnynon twv AGEs yeyovog 10 0moio KOTAOEIKVVEL T1 CUAVTIKOTNTO TOV UTOPEL Vo
&xel n emyevng mpodoAnyn AGES oto ayyelokd &vO0OMAI0 VLIEP-EVEPYOTOLOVTOG
ONUOTOOOTIKA HOVOTATI. 7OV MooV ONUOTVIKO pOAO OGNV  TAPUTNPOVUEVT

gvoodniaxn dvciettovpyia, yapoktnpiotikn Tov XI1Q.

[MopdAinia n enidpoon tov AGES ot0 avamapoywyikd cvotnuo £xet
amoderyfel kabdg pmopovv va gvarotifevrol 6tov wodnkikd 1616 [60, 61]. Mdlota
0 &vTomoUOg TOLG MTAY AVENUEVOS TNV TEPLOYN TG ONKNG Kot NG KOKKUDOOVS
otfdoag twv wobviaxiov [60]. T 10 Adyo avtd TPAyUATOTOMGOUE KOAMEPYELES
KUTTOPOV OMKNG and woBNKES PUGIOAOYIK®OV EMiPVOV 0TIS omoieg yopnynoaue AGE-
BSA kot akolobOnoe 1 peAétn TG evePyomoinongy/emcEopLAIMGNS GLYKEKPIULEVOV
EVOOKVTTAPIOV TPOTEVAOV-CTOY®V TOV oNpotodoTikoy povoratiod tov AGEs. H
péAetn avtn €0g1&e 0T dtav Ta KOTTopa OMKNG enipvmy cvvenmactodv pe AGE-BSA

OLEAVETOL OTOTIOTIKA ONUAVTIKE 1 gvepyomoinong/emogopviioon tov MAP-
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kivac®v ERK1/2 kot c-JUN kou m avénon avt eivar €dikr, o@eiletoar otnv
evepyomoinon tov d&ova AGE-RAGE kot mepthapfaverl Tnv €101KN vEPYOTOINGT TOV
petaypapikot mapdyovro NF-kB kdtt mov cupowvel pe tov avEnpévo eviomcpud tov
oe avBpoTIveg ToAKIoTIKEG moBNKeg [60] 1 oe mobMKeg emipvmv GTovg omoiovg giyet

yopnynOei diarta vyming tepiektikotntog oe AGES [61].

H oaAMnienidpoaon tov AGEs pe tov vrmodoyéa toug RAGE (Receptor for
AGESs) evepyomolel evooKLTTOPIKA OMUATOSOTIKA LOVOTATIOL TO, OTOI0 KOTOAYOLV
OTN YOVIOlOKY EKQPOCT HOPIOV TTOL EUTAEKOVTOL GTNV ayyswokn PAGPT, 0nwg Tmv
popiov mpookdAnong ko g ET-1. H ET-1 amoteiel évav Pacwd mapdyovia
OYYEWOGVGTOANG  KOU  ONUOVTIKO  Poynukd Oeiktn  ayyelokng  evoodniokmng

dvoiertovpyiag [89].

H yopnynon AGE-BSA cg kaAMépyeleg avOpOTIVOV dopTIK®OV EVOOOMALIK®OV
kuttdpov (HAECS) endyel onuoviikd tn petoypoen tov yovidiov g ET-1 katd éva,
YPOVo- Kol d0co-eaptdpevo Tpdmo KaODG Kol TNV TPOTEIVIK) g ékppaocn. H
EMOY®YT VT pecoAafeiton amd v evepyomoinon Kot TpOGIECT] GTOV LIOKIVNTH TOV
yovidiov ¢ ET-1 tov enayopevov and ta AGES petaypaepikov mapayoviov NF-kB
kol AP-1. Evd n emaymyn g yovidwokng petaypagne g ET-1 éxer amodeybel 61
pvOuiletar Betikd amd tov petaypapikd moapdyovia NF-kxB oe xoaAMépyeteg
deyepuévov omd AGES Bosiov aoptikdv evéodntaxdv (BAECS, bovine aortic
endothelial cells) and tovg Quehenberger kot cuvepydrteg [186], 1 mapodoa datpipn
delyvel Yoo TpOTN QOPA TNV EMOY®YN TNG TPOTEWVIKNG £kppaong ™ ET-1 péow
evepyomoinong tov aEova AGE-RAGE kafdg kot ) yovidwokr| g pvbuion tdco
amo tov petaypaekd mapdyovta NF-kB 6co kot and tov AP-1 o€ avBpomva aoptikd
evooOniwoka kottopa. O AP-1 eivan évag petaypoa@ikdg mapdyoviag o omoiog eivar
[ ETEPOSUEPNG TPMTEIVY] OV GLYKPOTEITOL OO TPMTEIVEG MOV AVNKOLV GTIG
owoyéveleg tov C-Fos, c-JUN, ATF kot JDP kot pvBuilet t yovidwoxn €kgpoomn o
AmOKPIoT GE o TOKIAle epefIoUATOV TOV TEPIAAUPAVOUV KLTTAPOKIVES, AVENTIKOVG
TAPAYOVTEG, OTPES, Paxtnplokés kat 10yevels Aoudéelg [187]. Mmopel ot cvvéyela
va eAEyyel éva peYAAO oplBpd KLTTOPIKAOV O0IKOGUDY OV TEPAOUPAVOLY TN

JpOPOTTOINGT, TOV TOAALATAAGIOG IO Kot TNV omdntwon [188].
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Eniong 1o amotedéopotd pog 6cov agopd otn ékepacn tov RAGE ota
evoodnhaxd kottopa petd and v enidpaocn tov AGEs €dei&av Tmg 1 ékepooct Tov
TopEPEVE APETAPANTY YEYOVOG TTOL VTTOJEIKVEL TTWG 1 VPIGTALEVT] EVEPYOTTOINGT TV
K0OOSIKMOV GNUATOSOTIKOV LOVOTOTIOV £XEL VO, KAVEL LE TNV VIEP-EVEPYOTOINGCT TOV
a&ova AGE-RAGE kot 6yt pe pua avénom tng onpatoddtnong mov o mpokarovroy

a0 TEPIGGOTEPA LOPLU TOV HEUPPAVIKOV VTTOJOYEN.

H LOX amotelel 10 wvpro €vlouo odvOeong tov KoALOyOVOL Kot TNg
ehootivng oto  evooBnho, kotaAvovtog TN Onuovpyio  SCLVOECEMY KOt
GUUUETEYOVTOG EVEPYE oTNV avadounon g eEokuttaplog Bepélag ovsiog kot otnv
ayYyelwkn opotootacn. YYnAd emineda yAvkolng ot kKukAopopio kabmdcg ko
ovvOnkeg vro&iag, €yovv cvoyetiotel pe dwtapayés oty ékepoaon g LOX pe
mBovéc emumtdoelc oto evoonAlo. Tlapdiinia, ot idiec Kataotdoelg odnyodv oe
avénuéva eminedo. AGES otv kukAhogopio. Kot gvamdbeon Tovg oTovg 16To0G,

ovoyetilovtag ta pe ayyswakn PAEPN kot evooOniakn dvciertovpyio.

Ymv mapovoo peAétn depevviOnke mn mbavh emidopaocn twv AGEs om
pvOuIoN ™G Yovidwkng/mpoteivikng Ekppaong g LOX oe avlBpomva evéodniaxkd
kottapa. H yopnynon AGE-BSA cg kaAAiépyeiec evooOnAok®V KUTTAp®V, OTMS Kot
otV mepintwon g ET-1 endyer onuaviikd ™ petaypaen tov yovidiov g LOX
KATA €vo Ypovo- Kol 00C0-eEAPTOUEVO TPOMO KOODG KOl TNV TPOTEWVIKY TNG
éxppaon. H emaymyn avty dwpecorafeitor kol mOAL amd TNV €VEPYOTOINGM Ko
mpdcdeotn otov vrokvnT tov LOX tov emaydpevov armd ta AGES petaypoapikmv
napayévtiov NF-kB xor AP-1. H avEnuévn éxepaon ts LOX o100 evdoOnio
amotekel Evav mBovd unyovicpd amoppvuBong g Asttovpyiog Kot TG oKEPAULOTNTOG
™m¢ Oepéhog ovsiog, M omoia yopaktnpilel v TPO®PN YNPAVON, TIC SPNTIKES
pikpoayyelakég emmaokég kot to ZI1Q. AAdlwote 1 yovidwakn pvOuion g LOX and
ToV¢ d10Vg peTaypaekovs mopdyovieg o€ wodnkikd 10td amd ZIIQ to omoio
yopoktpiletar amd avénuévn evamdbeon tov AGES, RAGE, p-ERK1/2, p-c-JUN kot
NF-kB éyet deyyfel and v opdda pog [62]. EmmAéov, pio mpoceatn perétn £oeiée
™V VIEP-EKPpacn Kot v avénuévn evepyodomta g LOX og gvdobniiaxd kxottapa
oo oUEPANCTPOEDT| TOVIIKIOV OTAV OVTA KaAMepYNOnKay o BpenTikd pe vymin
ovykévipoon yivkolng [189]. Ta evpriuotd poag vroompilovv ™ pvduion Tov
vrokivnt) tov yovwwiov LOX amd tovg AGE-emayopevoug petaypagikong
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napdyovteg NF-kB kot AP-1 ota evdoOniokd kottapa. H avénpévn ékppaocn s
LOX oto evootniio amotehel évav mBovo pnyaviopd amoppbbpong g Asttovpyiog

KoL TNG aKePAOTNTOS TNG OepéAiag ovaiag.

H avocoioctoynukn diepedvnon aoptikoh evooOniiov pLGIOAOYIKGV ETIHVOV
KkatédelEe vynAn Ekepaon Kot cvveviomiopd Tov AGEs, RAGE, ET-1 kot LOX otnv
opdda {owv mov eiye AdPet dlarta vyning mepektikoOmrag o AGEs, oe oyéon pe
tovg paptupes. H emaymyn mg mpoteivikng éxkepaong tov LOX kot ET-1 péow
evepyomnoinong tov aZova AGE-RAGE kaBdg kot 1 yovidiakr toug pvouion amd toug
petaypapikovg mapdyovieg NF-kB wor AP-1, amotelel éva mbavod evdokvttdpilo
pHoplokd punyovicpd mov cLUPAAAEL TNV vooONALOKT dLGAELTOVPYIL XOUPUKTNPICTIKY
NG TOLGOPKING, TOV UIKPOAYYELNK®V SN TIKOV EMITAOK®V, TNG afnpoyéveong Kot

Tov 2I1Q.

H otevn obvoeon tov AGEs pe to 0etdmtikd otpeg, Tig LVONKES YaUnAnG 1
VYNNG oLYKEVIPp®ONG YAVKOLNG, TG pecorafoovpevng amd tov RAGE @Aeypovig,
™G vmo&log Kol TNG YNPOVONG To KOTATAGGEL MG TOOVOVS GULVTEAECTEG NG

oAoKANpoUEVN S omokplong Tov EA ot petaforikn pobuion [166].

Eivar yvootd 611 n mapaymyn erevbépov pilov (ROS) péowm oedmtikon
oTpeC evioyvel tov oynuoticpd tov AGEs kot yioo to Adyo avtd tpomomotel v
npoteivikn Aertovpyia. Ot ROS, wotdco, mapepPaivovv emiong ot dadikoacio
TPOTEIVIKNG AvadITAMONG KOl GYNUATIGLOD SIGOVAPIIKAOV OECUMY 00N YDOVTOC GE UN
ocwoth avadimiwon twv tpwteivedv oto EA. EmmAéov, n mapovcia twv ROS evioydet
™M O10POPOTOINCT| TOV AMTOKLTIOPMOV KOl T GCLGGMOPELOTN ALV, TPOKOADVTOGC

otpeg 1oV EA akolovBovpevo and avtiotacn oty veoviivn [190].

Yrdpyovv evoeilelg 6Tt n TpOSANYT STPOPNS VYNANG TTEPIEKTIKOTNTOS GE
Mmapd propel va tpokaAiésel 1060 oynuaticpd twv AGEs 660 kot 0Eg10mTIKO OTpPES,
10 omolo mepautép® €xel ®G omotéAecpo TV Onuovpyie otpeg tov  EA,
dwTapdocovtag T OpacT NG WVGOVAIVIG HECH POGPOPLAINGTG TOV VITOGTPOHOTOS
1 Tov VOJOYEN TNG WWGOVAIVIG GE NITATIKO 1) MTTOON 10TO TOVTIKIDOV, SUTPOPIKAV KO

YEVETIKOV HOVTEA®V TNG mayvoapkiog [167].
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Ye wo mo 7wpdoeartn peAétn, oavénuévo emimeda AGEs kot ROS
TopaTNPNONKAY GTOV IMAOKOUTO TMOV TOVIIKAOV TOV TPEPOVIAV UE Lo TAOVGLO O
YOANGTEPOAN S10TPOPY, TO OTTOL0 TPOKAAESAV TNV EMAYWOYN TOV OTPEG To0L EA pécw
™m¢ avénuévng eooeopviimong tov PERK kot elF2a. To otpeg tov EA mepattépm
dTapae TN oNUATOdOTNGN TNG WGOVLAIVNG avEavoviag emo@opviioon tov IRSI,
pewwvovtag tn dpactnprotta g PI3/Akt kot endyovtag v evepyomoinon tov NF-
kB [191].

‘Eppeon andoeién e maboyovov aiiniedptnong g mapaymyng ROS, g
TPOYOPNUEVNS YAVKOLVAIMOoNG Kot Tov otpeg Tov EA mpoépyetan emiong and peréteg
pe avto&edotikd &vlvpa, Ommwg m dwopovtdon Tov vrepoiewdiov (superoxide
dismutase, SOD). Awyovidwkd (oo mov vrepekppdlovv otov wmndékoumo SOD
YOAKOV-YEVOUPYVPOL TAPOVCINCAY EANTTOUEVO 1GYOUIKO VELPOVIKO KVTTOPIKO
Oavato pe ) ovppeToyn TV peTaypoeik®v wapayoviov ATF4 kot CHOP ce oyéon
ue ta  avriotoya @uooloywikd [192]. Opoimg, moviikoi pe AVETAPKEIDL GE
KuttapomAacpotiky SOD yaAkoO-yevdapydpov mapovsioacay avENUEVI TAGKO Kot
VELPWVIKY] QAEYUOVY], TOL ovvodeLTNKe amd Vv mapaymy ] AGEs (CML) «at
ofedwtikn PAAPN mov odnynoe oe dvchertovpyio g pvnung [193]. EmmAéov, oe
KOAMEPYEIEG KLTTAPWV TOL €YYDG VEPPIKOV GOANVapiov, T0 KASUI0 NTOV KAvO Vo
enayel v avénuévn mapaymyn ROS kat 1o enaxdiovbo otpeg Tov EA odnydvrtog o
ATONTMOOT, KATL TOV OTOTPATNKE OTOV T KOTTOPA dtopoAvOnkav pe SOD payyoviov
[194]. Extog avtod, n SOD payyoviov Ppébnke va petplalel v mpoympnuévn
yAvkoluAiwon Kot v mapaymyr] LeBvAoyAvolding pewwvovtog v mopaymyn ROS
oT0L  MTOYOVOPIL TV  avOpOTIVOV  a0pTIKOV  €vOoONAloKOV KOTTOPOV OV

KoAepynOnkav e cuvOnkeg vYNANG cuyKEVTPpOONS YAvkolng [195].

Xopunid emimeda yAvkolng AOY® otépnong tpoeng 1 GAANG petafoAkng
dvoAertovpyiag mov 00NYEl GE amMAEW EVEPYELNS £YOLV OUGHEVN EMOPACN GTNV
aVAOITA®MGT TOV TPOTEVAV, UE OTOTEAEGUO TI) GUGCOPELCT UM OVOOIITAOUEVEOV
TPpOTEIVOV 610 wAd tov EA. H vepylvkaipiog amd v dAin mievpd eivar n kopo
attioc. tov oynuatiopod ROS mov eumiéxovror oto oynuoticpd AGEs xot g
EMOY®YNG TOL otpec 0L EA, pecorafovtog meportépm ot LETOPOAKEG EMTAOKES
TOV O10PNTN, TNG TOYLCUPKING Kol VELPOEKPVAGLOV. Aldpopeg LeAéteg Exovv deilet
mv avénuévn mopaywoyn ROS Adym g vyming yAvkolng, m omoio evicybel to
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oYNUOTIGUS TV TPOodPOU®mV pHopedv Twv AGESs kat tnv mpoywpnuévn yAvkoludioon
oLuUPdALavVTag OTIC EKONAMGOEI ToVv otpeg Tov EA, dnwc m @Aeyuovh. Emmdiéov,
mpoteiveg mov eviomilovtor 6to EA (poprokoi cuvodoi 1 mpwteiveg aucOntipeg g
avadiTA®oNG) Ol OToieg EAEYYOVV TNV TPOTEIWVIKY avadimAmon pmopohv €miong va
tpomomomBovv  péocm  o&eidwong 1M ylvkolvAiwong  petafdAloviag v

TPOGaPUOoTIKY tkavotnto Tov UPR [166].

To onuotodotikd povomdtt AGE-RAGE oto gvoodiio pmopel va mpokaiet
mv evepyomoinon tov NF-kB eite anevbeiog eite péom tov kartappikt tov MAP
kwvaocov (ERKI1/2 xor p38) katoAnyovtog oTnv mopaymyr] TPOPAEYLOVOIMOV
Kuttapokvav [5, 196-198]. Ot kuttapokiveg eivon emiong og Béon va exdyovv 10
otpec Tov EA mov odnyel 6e ypovior pAEYHOVY], DTOOEIKVOOVTOS OTL O1 EMOPAGELS TNG
TPOYOPNUEVNS YAVKOLLMmong katl Tov otpeg tov EA pmopel va dwupecorafodvran
péow tov RAGE. EmumpooBeta, por pedlétn oe Ppe@ikn vevpovikny Knpoewn
Mmopovokivwon (infantile neuronal ceroid lipofuscinoses, INCL) £deiée OT1 TO
avénuévo otpeg tov EA Siéyepe v ékgppaon tov S100B kai RAGE ota
0oTPOYAOLWOKE  KOTTOPO. UE  OMOTEAECHO TNV TOPAYOYY  TPOPAEYLOVMOIDV
KLTTOPOKIVAOV. Q¢ €K TOVTOV, T0 oTpeC TOL EA pmopel va emdyst mepaitépm

onpoatoddtnon AGE-RAGE, emdeivdvovtag 10 0EEW0MTIKO GTPES KOL TN GAEYUOVY).

H mpoteivikn avadimiwon pmopel vo ennpeactel onuaviikd omd cuvOnKeg
vno&ilag, Omov M AVOUOAN TOPOY O0ELYOVOL N M OMWMAEW EVEPYELNS AOY®
UETOPOAIKAOV S10TOPAYDV UTOPOVV VO ELPOVIGTOVV. TO TPOKVLTTOV POPTIO LN GMOTA
AVOIITAMUEVOV KOl GUCGMPEVUEVOV TPWTEIVOV emdyel To otpeg tov EA [199]. H
ocvcompevon t@v AGEs kot n onuatoddmon tov mpoamontwtikov UPR €youvv
napatnpndel oe cuVONKeg VIOEIKNG EMOVOLATOONG N Waiog ™G Kapdlds, TV
VEPP®OV M TOL €YKEPAAOVL, LTOdNADVOVTAG TO POAO TOVG otnv mafoyéveon TNng
vro&ng PAGPnc [200, 201]. Meréteg mov €xovv emikevtpwbel o€ veepikr| PAGSN Lo
avtég TG ovvOnkeg emonuaivovv TV oavENUEV  KLTTOPOTOEIKOTNTO NG

pebvroyrAvo&aing, n omoio 0dMyel o€ andnTMON HEGCH TOL GTPES TOL EA.

E&bdAov, n avactol g peBvroyAvo&ding and v yAvoEordon I, éva
évlopo anoto&ivoong and ta AGEs, 1 | avactodn tov UPR pécm vrepékppaong g

GRP78 BeAtidver mepartépo 1t PAAPN tov veppov [199-201]. To vmo&ikod
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nepPailov eivar ovvBmg €va YOPAKTNPIOTIKO YVAOPICUO TOV VEOTANGHUOTIKMOV
KUTTOP®V TOL OQEIAOVTOL GTNV KOKN OYYEIDOTN TOV TEPIGGOTEPOV GTEPEDV OYKMV,
odNymvtog o€ otpeg T0V EA Ko 6ty andAsia vEpYeLng. £2¢ €K TOVTOV TO ETAYMUEVO
and v vro&io UPR eivor Cotikng onpociog yo v emiPioon t@v KuTttdpmv Tov
oykov [202, 203]. H erayopevn ékppaon e GRP78 og kbttapa dykov Peitidver v
TPOTEIVIKY avadimAwon kol cuoyeTileTon BeTiKd pe TOV KLTTOPIKO TOAALATAACIOCUO,
™MV petdotaon kot v avtiotaon ot Oeponeio [204]. Emmiéov, n mopovsio tov
AGEs givan emiong avénuévn oe éva gupld QAGHO OYK®V OTOV cLoYETICETAL HE TN
petdotoon Kot petopévn t eniPioon, epniékovrag to AGEs ko otpeg tov EA oty
oykoyéveon [205].

H dwdowoacio g ynpavong £xel odop@opfnro GUGYETIOTEL HE TNV
napovcio. avénuévoy erninedwv v AGEs mov cvupdiiovv oty avdmtuén tov
YPOVIOV SWPNTIKOV eMTAOKOV KoODG Kol GAA®V GYETILOUEVOV UE TN YNPOVON
acBevelwv. Ty 0w otiyun, ot poprokoi cvuvodoi kat ta Evivua mov gvtomilovtol 6To
EA, voeiotavior aAlowwoelg Aoym ynpavong 0étovioag oe peyaAvtepo kivovvo Tig
TPOcaPUOoTIKEC 1010TNTeg Tov UPR [206]. Avo peréteg mov delfiybnoav oto
vnuotmon okoAnkoe Caenorhabditis elegans vroypoupiCovv 10 péro twv AGEs kot
10V otpeg Tov EA otn yfpavon. Zvykekpéva, og C. elegans mov vrepekppdlovv tnv
ouoloyn mpwteivn g yAvo&addone I N éxovv averdpkelo otov HIF-1 (hypoxia-
inducible factor 1), éva vmolikd petaypaEiKd mapdyovia, Topoatnpnonke avsnuévn
didpketa Cone Adym eldttoong twv ROS 1 tov otpeg tov EA, avtiotoya [207, 208].
O ovvdvaoudg Tv dvo moapepPacemy pmopel vo glvol T0 HOOTIKO NG KVTTOPIKNG

opovoTaong Kot pakpolmiog.

H popuwxr dSwovvopudia g mpoyopnuévng yivkoloAiwong pe 1
onpatoddnomn tov 6tpeg ™0V EA kpifetan mico amd v mabogucioloyio ToAAGV
dwtapay®v mov oyetilovor pe 10 UETOPOMOHO, KAODG KOl GYOUMKOV Kol TOV
vevpoekuMoTik®V  acBeveidv. Ilpéocepoata dedopéva  deiyvouv 0Tl opiopévol
avaoToAElG TG TpoywpNUéEVNG YAvkoLuAMmong pmopel va amoderyBovv gvepyeTikol
Yy T dtnpnon g opotdctacns v EA péocw tpomomoinong tg amdkpiong tov
UPR [166].

Ta evéobnAloxd KOTTOPO OMOTEAOVV TPMTOYEVEIG OLVOUIKES OOUES Ol OTTOlEG
puOuilovv evepyntikd Tov Poctkd oyyelkd TOVO KOl TNV AVTIOPACTIKOTNTO OF
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(QLOIO0AOYIKEG KOl TOUOOAOYIKEG KOTAOTAGES. AVTA OTOKPIVOVTOL GE VEVPOYVKOVS
HeGOAAPNTEG KOl UNYOVIKEG OVVAUELS MOTE Vo Ol0TnpovV TNV 1o0ppomio petald
OYYELOGLGTOANG KOl 0YYELOO10GTOANG, VO ATOKOOIGTOOV TNV PELGTOTNTA TOV OUHOTOC

KO TNV aKEPALOTNTA aryyELOKOD Toydpotog [209].

Ta AGEs éxet derybel 6Tt ovufdiiovv oty evéodniiokn dvcAettovpyio Kot
avtd elvar Eexdbapa amodederypévo otov SaPntn, 6mov ta emineda twv AGEs og
acBeveic pe ocakyapmon dwpnm tomov 2 oyetiloviav apvntikd pe 1o Pabud g
eCaptapevng kot g un e€aptapevne and 1o evoobnAlo ayyslodlactoing [210].
Apxetol unyavicpoi €yovv mpotabel yioo va eEnynoovv avt ™ ovvoeot. Meta&y
avtov, N eddttoon and ta AGEs g Brodabecipomag Kot m dpactnptotnTag Tou

TPOEPYOUEVOL ad TO vO0ONA0 povoEediov Tov aldtov (nitric oxide, NO) [211].

H oyetnlopevn pe ta AGEs emoaymyn 1ov 0&eldmTIKOV OTPEg UTOpEl va
OmOGPNoEL KOl VO OEVEPYOTOGEL TO TPoePYOUEVO amd evoodnio NO kot tnv
evepyotnto ¢ acvlevktng evoodniaxkng cvvBdaon tov NO (endothelial synthase,
eNOS) péom g pecorafoipevne amd vVTodoyEn POSEOPLMMONS Kol QVENUEVING
amoikodounon ¢ eNOS [212, 213]. ErutAéov, ta AGEs pmopodv va BAdyovy thv
eVOOOMALOKT 100pPOTHOL UEIDOVOVTAG TNV €VOOOMAMOKN TOPAY®DYY) TPOCTAUKVKAIVIG
[214] xa1 tqv evioyvovtag v ékepacn g ET-1 [186]. Emiong, eivon wavd vo
avédvouv v evéobnhokng dlamepatdtnta o pakpoudpio [5, 215] ko va
TPOTOTO0VV TIG AEITOVPYIEG TOV EVOOOINAMOK®DOV TPOYOVIKMOV KVTTAP®V TPOAYOVTUG
TNV OTOTTOON Kol TN HeTOvAoTevon tovg [216]. H amdmtwon tov evdodnilokov
Kuttdpov mov  ogeiheton ot AGEs €xet amodeydel oe Oudpopec peAETEC
xpnowonowwvtog Pos Kot ovOpdmva aoptikd evoodniakd KOTTOpo Kol EXEL
arodobel katd kOpPO AOYO OV emay®Y] TOL OELEWOTIKOD OTPEG KOl OTNV

Htoyovoplokn dvoiertovpyia [217].

2m owrTpiPfn ovtn, Oeiyvovpe v emayopevn ond AGEs améntwon oe
evoodnlakd KOTTOpo HEGHO TOL HOVOTOTOL Tov otpes EA, mapéyovtag éva véo
pHoploKoe  pnyoviopud yio v evoodnAlakn OvcAgrtovpyio o€ PETOPOAMKEG Kot

KOPOLOYYELOKEG OLOTAPOLYECS.

To EA eivon e€apetikd gvaicOnto omv dwbecipudtnta g yALkOING evad
e€aptaton omd ta eninedo S YALKOING GTO aipa Yio TV €£0IKOVOUN OGN TNG EVEPYELOG
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7oV omotteital Yoo ™V dadikacio g avoaditimong tov mpoteivaov [218]. Ta
evoodnlaxkd kOtTopo Oviag mavta ektebeléva o€ OLENCELS Kol UEUDGES TOV
OPENTIKAOV CLOTATIKOV TOV OUHOTOC, €ivat TOAD duvapukd kot PETOPOAIKA evepyd
KOTTOPA, HE VYNAO OYKO NG TPOTEIVIKNG chVOEGNC TOV TaL TPOSIDETEL Y100 GTPEG TO
EA [219]. EWwodtepa ta evéobniikd wOttapo doev pmopodv va oviéovv 1
ovveyllopevn ékbeon oe vynAd emineda yAvkoing kot £tol 10 otpeg Tov EA Eexva

ovyva o€ éva dafntikd mepiBaiiov [220].

YmotéOnke cuvenmg 611 T0 otpeg T0V EA pmopet eniong va enaydel e aoptikd
evooOniaxka wottapa (HAECs) xdtow omd ovvOnkeg oavénuévng  eEmyevoig
TpdsAyNg YAvkolvhMomuévng tpoteivov (AGEs). Tlpayuatt, n endoaon tov HAECs
pe vynAd emineda AGEs yio mapatetapéveg obpkeleg (48 mpeg ko 72 dpeg) frav
KOVI VO, LELDMGEL CUAVTIKO TOV TOAOTAACIOCUO TV Kuttapwv. H peimon avtn
ovvodevtnke amd avénuéva emimeda MRNA kobdc kot mpoteivikd emineda TV

popuov «oucntpov» (GRP78, GRPY4) dcictdv g enaymyng Tov otpeg Tov EA.

A&loonueiota, oToug IKPOTEPOVGS YPOVOLS enmaoctg e To AGE-BSA (24 kot
48 ®pPEeC), M EVEPYOTOINGMN TOL UETAYPOPIKOL gvepyomomty), XBP-1, mapatnpnOnke
011 pecorafei v mpocappootiky anodkpiong UPR. Ot tpeig kAdoor tov UPR (IREI,
PERK, ka1 ATF6) éyet avagepbel 0Tt mpomBovv apyikd v Kuttapikn emPioon
HELOVOVTOG TO ETTESN TOV U1 COOTE AVASUTTAMUEVOV TPOTEIVOV 0ALL OTOV TO CTPEG
tov EA éyel petprootel tote 1 onuatoddmong tov UPR mpowbel tov amontmtikd

KutTopKd Odvaro.

Avto elvan eniong dvvatodv va ovpPel kdto ond v cvscwpevon tov AGEs,
o omoie €fvol KOVAL VoL EVEPYOTOOVV TOGO TPOGTOTEVTIKES OMOKPIGES OGO Kot
AmOKPIGELG KUTTAPIKOV BavATov avAAoYa LE TN CLYKEVTIPMOT TOLG KO TNG SLAPKELNG
NG TOPOVGIaG TOVS. ZOUEMVa Le avTh TV Voo, deiéape Tl | SPAGTIKOTNTA TOV
IRE1 (6mwg vmodewkvietor and v ékepoon tov XBP-1) avénbnke oto mpoipo
emayopevo otpeg Tov EA (24 dpeg) ko eacBévnoe oto mapatetapnévo otpeg tov EA
(48 ko 72 dpeg). O IREL eivor pia dwapepppovikn kwvdon (gvdopifovovkiedonc,
RNAaon), mov petd mmv evepyomoinon tov, EEKva 10 pn cupPotikd HATIGUO TOV
mRNA tov Xbp-1 [135, 151]. To mRNA tov paticpévov Xbp-1 (spliced Xbp-1)

KOOWKOTOEL €vav UETAYPAPIKO €vEPYOTOMNTH] O OMOiog KOTELOVVEL TN HETAYPOEN
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yovidimv Omwg ot poprokoi cvvodoi tov EA, tov omoiwv ta mpoidvta dueco
CUUUETEYOVV OTNV TPOTEIVIKY avadimiwon oto EA [221]. Avtibeta, Ta dedopéva pog
delyvouv 611 1 onuatoddtnon tov PERK cuumepilapfoavopévng e HETAPPOGTIKNG
avaoToMG (LEcm ema@opLAimong tov elF2a) kot v enaymyn TOV TPOUTOTTOTIKOD
petaypaeikov pvuioty CHOP dwatnpndnke otig 48 kau 72 wpeg endvaong pe AGES.
O PERK e&ivar por Stopepfpaviky Kivaon Tov QOGEOPLAIDVEL TOV TOPAYOVTIO
évapénc g evkopvoTikng petdppaong 2a (elF2-a, eukaryotic translation initiation
factor 2a), peidvovtog €161 TV TpwTEivociviesn e£ovdeTepMdVOVTOG £TGL TO TNV
TPOTEIVIKY vepeoptwon oto EA [222]. Emumpdcbeto to CHOP givor évag
HETOYpaPIKOG Tapdyovtag mov endyetol omd Tov kAdoo tov PERK tov UPR 0 omoiog
npodyel Tov Kuttapikd Bdvato [222]. Ta mMRNA eninedo tov CHOP ftav ototiotikd
onuovtikd ovénuéva otic 48 mpeg enmaong kat o 200pug/ml AGES cuykpivouevo pe
TOVG UAPTLPEG KO TaPEPEVAY OLENUEVA OTIC 72 MPES KOt OTIG OVO GLYKEVIPDOGELS,
EVOEIKTIKO TNG TPOUTONMTOTIKNG oNuatoddtnons. Ta dedopéva avtd emiPefaidOnkoy
OTN GLVEYELD HECH OVOADONG UE KLTTOPOUETPia. pong duAng @Bopilovcag ypdong
tov oeyepuévov pe AGEs HAEC, ypnoylomoldvtag Tov Ipdilo amont®tiko ok,
avveEivn V kot mopnvikn ¥pdon 1wo1o0(0 TPOMidI0. XTOTIGTIKE ONUAVTIKE dLENUEVOC
KUTTOPIKOG aplOUOC TPOIUOV ATOTTOTIKOV KLTTAP®V EVIOTICTNKE AKOAOLOOVUEVOG
mv enwoon pe AGES vy 48 o 72 opeg. H Ama adénon otovg mpdipovs Kot
OYUOVE OMOTTMTIKOVG KVLTTOPIKOVG TANOvopovg petd amd enmaon pe AGES
OLVOVOCUEVE UE TOVVIKOUVKIVI] GUYKPITIKA HE UEUOVOUEVN TNV TOLVIKOULKIVN
védele OtL o1 dvo TapPAyovieg HOPALoVTOL KOWE OMUATOSOTIKO LOVOTATION GTNV
emaywyn g anodntwong ot HAEC. Apketég peléteg oe GAAN KOTTAPIKA GUGTHHLOTO
npoteivouv 011 N pecorafoovpevn and ta AGES andntoon Ba pmopovce va endyetan
and évo povomdtt tov EA oavegdpmmto omd to ptoxovopw [178, 223]. TTw
ovykekpipéva, 1 emayopevn and ta AGES ékppaon tov GRP78 wg aicOntpa tov EA
oyxetiomke pe avnpéva evookLTTAPLY €Mimedn acPectiov Kot TV OmMOTTMOOY OE
nodokvtrapa and movtikio [178]. EmumAéov, 1 3-de0&uyAvkolovn, éva evoldpeco
npoiov twv AGES mov Bpioketal og VYNAEG CLYKEVTIPMOGELS GE SEPLATIKA LLOGYEVLLOTOL
amo dwfnrticés TAnyEs, Ppédnke va pecorafet v emaydpevn and to otpeg tov EA
OMOTTOON WECN OCYNUOTICHOV OEEWMTIKOD OTPEC G OVOPAOTIVOUS OEPUOTIKOVG
woPAAoTEG HEG® EVOC UNavVIoHoV oy NfTav aveEdptntog amd tov RAGE [223]. To
YEYOVOS aVTO TOPOVGIALEL 110HTEPO EVILAPEPOV JEGOUEVOL OTL TPOTYOVEVES LEAETES

138



g AGE-enayopevng amdémtwong mepopilovtal otn pesordfnon tov avénuévov

0&edmTIKoD otpeg Tov akoilovdel v adAnienidpaon towv AGES pe tov vmodoyéa
toug [34, 217].

AmoteAel Yo 10 AOY0 avtd amddelEn Ot eoutiog NG ETEPOYEVEINS TMOV
ovotatikav Tov AGES kot tov peydlov gdpovg TV eVOIANES®Y TPOIOVI®V TOVC,
dlpopikn onuatoddtnon pmopel va emiéyetonr eaptopevn Oxt pdévo amd TOV
KUTTOPIKO TOTTO OAAG amd TNV Katdotoon Tov popiov tov AGES mov Bpickovrol gite
oG KukAoeopoOvta eite oe popen oecpevuévn pe mpoteives. Ileportépw Epsvva
arorteitor ®ote va dtadevkavOet  avaykodtto Tov RAGE oty enoywyn Tov 6Tpeg

tov EA ota evéoOniokd kdtropo kbt ond cuvOnkeg vyning cuykEvipmong o€
AGEs.

Extoc avtov, emewdn 10 otpeg tov EA  pubuiler ™ piroyovoplokm
Blogvepynrtikn], o mhoavy] popokn O1cLVOALS HETAED TOV 0EEIOMTIKOD GTPES Kot
™G enayOpeEVNS amd 10 oTpeg Tov EA amdntmong dev pumopel va omokielotel kot Ha
npémel va diepevvnei og Bdboc (Ewova 5.1). TTapdia avtd ta dedopéva pag deiyvovy
0Tt n Aertovpyion tov EA pmopei va tpomomomBel  amd ta AGES emmpedlovtag
ONUOVTIKA TOGO TN AEITOLPYIKOTNTA TOV EVOOOMAIOK®OV KLTTAP®OV OCO Kol TNV
KutTopikn Tovg TOYN. 'Etol, m ymukn evioyvon g Aertovpyiag tov EA ®ote va
OVTILETOTICEL TNV KLTTOPIKY] OTOTTOON TOPEYEL U EVOLUPEPOVTH TPOGEYYIOT] GTO
YEWPOUO NG evdoOnAlokng dvoiertovpyiag. Dapuokevtikol 1 ynukoi popilokoi
GLVOO01 OVTITPOGMTEVTIKG, LI0G OUAOOS YOUNAOD HOPLOKOV BAPOVE GLGTATIKMV TOL
etvat yvooto 01t otafepomooty v TPOTEIVIKY SopdpPon 1 omoio PeATidveEL TN
duvaTOHTNTO AVOSITAMONG Kot O1EVKOAHVOLV TN SoKivnon LETOAAAYUEVOV TPOTEIVOV
[166, 199]. H 0moteAeopaTIKOTNTO OLTOV TGOV HOPIOV OTNV avoKOOEIoN TNG
evoodnloxn PAGPn eite povo tovg eite oe cvvovaoud GAAo EApLOKO LEVEL V.

depevvnOet.

Ta dedopéva g mapovoag dwutpiPrg delyvouv v apoPaio exaywyn TV
AGEs kot tov otpeg tov EA. Ot Poacwkoi pecoAafntéc avtig g HOPLOIKNG
dwovvopidMog @aivovtolr va givar To 0femTIKO oTpec mov Odnuovpyeitol ot
ptoxdvopua 1 to EA, 1 eAeypovn kot n vrepyAvkoipio (Ewova 5.1). H dwatpnon 1

evioyvon ¢ cwotg Aertovpyicg tov EA péom cuvvtoviopévng pvbuong tov
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TPOTEVOV  AVASITAOCNG-HOPLOKADY — GLUVOOMV,  HETABOMKOV — OpUOVOV €
TPOGTATEVTIKO POLO KOl TNV GUECT] GTOYEVOT TOV EUTAEKOUEVOV UETOYPOUPIKDV
TapoyOVIOV o€ UETOPOAMKE €vePYOVS 16TOVG pmopel vo amoderybel éva 1oyvpd

epyadeio oty Bepameio xpoVIOV HETARBOMKDOV VOO LATOV.
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Ewova 5.1 : TTopddAnin kot ypappukn enayoyn tov otpes ond 1o AGEs kot tov EA oy
nmaforoyia Tov petafolikdv dwatapoydv. H petaforn g o&edoavaywytkng katdotoong 1 m
vrepmopaywyn ROS egivor 1o mpotapykd kot Pacwkd yeyovdg omv maboyéveon tov

Swpnrikedv/petaforikmdv emmlokmv [166].
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Abstract

Background: Advanced glycation end products (AGEs),
the final products of the Maillard reaction, have been
shown to impair endothelial proliferation and func-
tion, thus contributing to endothelial cell injury present
in diabetes, inflammatory and cardiovascular diseases.
Endoplasmic reticulum (ER) stress triggered under hyper-
glycemic, hypoxic and oxidative conditions has been
implicated in endothelial dysfunction through activa-
tion of the unfolded protein response (UPR). The present
study investigates the role of AGEs in ER stress induction
in human aortic endothelial cells exposed to variable AGE
treatments.

Methods: Human aortic endothelial cells (HAEC) were
treated with increasing concentrations (100, 200 ug/mL)
of AGE-bovine serum albumin (AGE-BSA) at different
time-points (24, 48, 72 h). The induction of ER stress
and the involved UPR components were investigated on
mRNA and protein levels. Apoptosis was quantitatively
determined by flow cytometry detecting propidium iodide
expression and annexin V binding simultaneously.
Results: AGEs administration significantly reduced HAEC
proliferation in a time- and dose-dependent manner. An
immediate induction of the ER chaperones GRP78, GRP94
and the transcriptional activator, XBP-1 was observed at
24 h and 48 h. A later induction of the phospho-elF2o. and
proapoptotic transcription factor CHOP was observed at
48 h and 72 h, being correlated with elevated early apop-
totic cell numbers at the same time-points.

Conclusions: The present study demonstrates that AGEs
directly induce ER stress in human aortic endothe-
lial cells, playing an important role in endothelial cell
apoptosis. Targeting AGEs signaling pathways in order to
alleviate ER stress may prove of therapeutic potential to
endothelial dysfunction-related disorders.
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Introduction

Advanced glycation end products (AGEs) are highly reac-
tive molecules resulting from the irreversible post-trans-
lational modification reactions of glucose with the amino
groups on proteins, lipids or nucleic acids [1, 2]. Increased
circulating AGE levels are a common finding and a
pathogenic mediator of hyperglycemic, oxidative and
inflammatory conditions including diabetes, polycystic
ovarian syndrome, neurodegenerative and cardiovascular
diseases [3-6]. However, exogenous intake of AGEs from
high fat and/or protein diets, beverages or cigarette smoke
may also contribute to increased AGEs tissue deposition
under normal physiology predisposing individuals to meta-
bolic, cardiovascular disorders and progressive aging
[7, 8]. AGEs have been shown to accumulate in almost all
major organs including vascular tissues mediating both
extracellular and intracellular functions [9].

Endothelial cells (ECs) have been proposed as primary
targets of AGEs, affecting their proliferation, migration and
adhesion [10]. Extracellular effects of AGEs in endothe-
lium involve irreversible crosslinking formation with
stable, long-lived extracellular matrix proteins such as col-
lagen, elastin or laminin [11]. At the same time they can
induce cell activation, proinflammatory cytokine release
and oxidative stress through interaction with their recep-
tor, RAGE, leading to endothelial injury and dysfunction
[12, 13]. The role of AGEs in the induction of aortic endothe-
lial apoptosis has not been adequately addressed. It has
been suggested that AGEs trigger oxidative stress and thus
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accelerate apoptosis of bovine aortic ECs contributing to
vascular complications associated with diabetes mellitus
[14]. This effect has been attributed to AGE-RAGE interac-
tion leading to increased intracellular accumulation of
reactive oxygen species and elevation of intracellular Ca*
concentration. Additionally, AGE-RAGE dependent activa-
tion promotes apoptosis of rat endothelial progenitor cells
and inhibits their migration [15]. Recently methyglyoxal,
the main AGE precursor has also been shown to induce
apoptosis of human aortic endothelial cells (HAEC),
through oxidative stress and by triggering the mitochon-
drial route of apoptotic machinery [16].

Relevant studies challenge the central role of mito-
chondria in apoptosis and suggest that some apoptotic
signals may bypass mitochondria to directly activate
caspases [17]. Endoplasmic reticulum (ER) stress pre-
sents such an alternative mechanism triggering apoptosis
without the involvement of mitochondria [18]. ER is the
major organelle involved in the synthesis and folding of
secreted and membrane bound proteins, calcium home-
ostasis and lipid biosynthesis [19]. The lumen of ER is
characterized by high Ca* concentration and a very oxi-
dizing environment [19]. Stressors that interfere with the
ER functions, such as oxidant or reducing agents, result in
the disruption of Ca* homeostasis or glucose deprivation
leading to the accumulation of unfolded and/or misfolded
proteins in the ER lumen, known as ER stress [20].

The mammalian ER stress response known as unfolded
protein response (UPR) can be separated into two phases,
adaptation and apoptosis. The cells initially adapt to the
accumulation of unfolded proteins by increasing the con-
centration of chaperones in the ER lumen, namely the glu-
cose-regulated protein 78 (GRP78) and glucose-regulated
protein 94 (GRP94). The UPR response is triggered by
the activation of three main sensors of ER stress: protein
kinase-like ER kinase (PERK), inositol requiring kinase 1
(IRE1) and the activating transcription factor 6 (ATF6) [20].
All these proteins are maintained in the inactive form by
binding the N-terminus of GRP78 that serves both as chap-
erone and sensor of ER stress. When misfolded proteins
accumulate, GRP78 is required for its chaperone function
and releases these sensors to initiate the UPR [21]. PERK,
upon activation, phosphorylates the eukaryotic transla-
tion initiation factor 2o (eIF20), decreases mRNA transla-
tion and induces UPR-related genes [20]. Similarly, activa-
tion of IREloc and ATF6 also leads to regulation of various
UPR-related genes, such as protein chaperones and cal-
nexin [22]. However, if this adaptation does not prove suf-
ficient, the apoptotic response is initiated.

Previous studies have shown that ER stress is impli-
cated in endothelial dysfunction associated with diabetes
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mellitus and cardiovascular diseases indicating that ER
stress-induced apoptosis can be an important patho-
physiological factor [23, 24]. Furthermore, AGEs have been
shown to induce ER stress-mediated apoptosis in mouse
podocytes [25], human neuroblastoma cells and corti-
cal neurons [26]. However, the role of AGEs in ER stress-
induced apoptosis in human aortic ECs remains to be
elucidated. The present study aims to delineate ER stress
induction in human ECs exposed to different AGE concen-
trations at variable time-points, monitoring the series of
events leading to apoptosis.

Materials and methods

Reagents

All reagents were purchased from Life Technologies (Carlsbad, CA,
USA) unless otherwise stated. AGE-bovine serum albumin (AGE-BSA)
was obtained from Abcam plc (ab51995; Cambridge, UK). Tunica-
mycin was purchased from AppliChem (Darmstadt, Germany). BSA,
TNF-o. and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) were obtained from Sigma Aldrich (St Louis, MO, USA).

AGE-BSA characteristics

According to manufacturer’s instructions, glycated BSA has been
produced by reacting BSA with glycoaldehyde under sterile condi-
tions followed by extensive dialysis and purification steps. Fluores-
cence of AGEs was confirmed by fluorescence spectrophotometry
with Ex./Em.=370/440 nm. Glycated BSA showed 7000% increase in
fluorescence when compared to control BSA. The purity of the final
stock is >95% as analyzed by SDS-PAGE and filter sterilized using
0.22 um filter.

Culture of endothelial cells

HAEC were obtained as cryopreserved cells from European Collection
of Cell Cultures (ECACC) and were cultured in endothelial cell growth
medium M200 supplemented with Low Serum Growth Supplement
containing Fetal Bovine Serum (2% v/v), hydrocortisone, (1 g/mL),
human epidermal growth factor (10 ng/mL), basic fibroblast growth
factor, (3 ng/mL), heparin (10 g/mL), gentamicin (50 pg/mL) and am-
photericin B (50 ng/mL). Cells were cultured at 37°C in a humidified
95% air —5% CO, atmosphere and were split according to standard
procedures. HAEC were used in all assays between passage four and
eight.

Cell proliferation assay

For the proliferation assay, HAEC were plated on 96-well microplates
at a density of approximately 1x10* cells per well, and then treated
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with either unmodified BSA or AGE-BSA at concentrations of 100
and 200 pg/mL for 24, 48 and 72 h or with tunicamycin at concentra-
tion of 5 ug/mL for 24 h. Co-treatment with both tunicamycin at the
same concentration and AGE-BSA at concentrations of 100, 200 and
400 pg/mL was also performed. Cell viability was subsequently
determined by the MTT assay as described previously [27]. Each
experiment was conducted in triplicate.

RT-PCR analysis

Total RNA was isolated from cultured cells using RNeasy Mini Kit
(Qiagen, Hilden, Germany), according to the manufacturer’s instruc-
tions. cDNA was synthesized in a two-step reaction using iScript
cDNA synthesis kit (Biorad, Hercules, CA, USA).

For semi-quantitative PCR, cDNA was amplified using gene spe-
cific primer pairs in 25 cycles. Detailed PCR conditions have been de-
scribed previously [28]. PCR fragments were resolved on EtBr agarose
gel. Densitometric analysis of PCR fragments was performed using
image analysis software Image ] (La Jolla, CA, USA) after normaliza-
tion to actin levels. All experiments have been performed at least
three times. Data and densitometric analysis from one representative
experiment are presented.

Real-time quantitative PCR

Real-time quantitative PCR was performed using an iCycler real time
instrument (Biorad). RT-PCR product was amplified using the iQ SYBR
Green Supermix (Biorad) in a total reaction volume of 20 uL. Primer
efficiencies were calculated from a standard curve of serially diluted
cDNA. Product identity was confirmed by a single pick in the melt
curve. Relative expression values were calculated using the 2-(4c0
formula. The data are presented as fold change in gene expression
normalized to GAPDH and relative to the untreated control. The prim-
ers used for the amplification of CHOP were forward 5’-agtgccacgga-
gaaagctaa-3’, and reverse primer, 5’-ccatacagcagcctgagtga-3’, and for
GAPDH were forward primer 5'-gggtgtgaaccatgagaagt-3’, and reverse
primer 5’-catgccagtgagcttccegttc-3'.

Western blot analysis

For immunoblot analysis cells were solubilized with ice-cold
RIPA buffer (Thermo Scientific, Rockford, IL, USA) supplemented
with protease inhibitor cocktail (Thermo Scientific). The protein
concentration in the lysates was determined by using Bradford
assay (Biorad). Equal amounts of total protein were resolved by
SDS-PAGE and immunoblotted with anti-GRP78 (#3177S; Cell
Signaling, Beverly, MA, USA), anti-CHOP (sc-71817; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-p-elF2o (#33985; Cell
Signaling), anti-XBP-1 (sc-7160; Santa Cruz) and anti-Actin (MAB-
150; Millipore, Bedford, MA, USA). Relative protein amounts were
evaluated by a densitometric analysis using Image J software and
normalized to the corresponding actin levels. All experiments
have been performed at least three times and representative re-
sults and the corresponding quantification data of one experiment
are shown.
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Assessment of apoptosis by flow cytometry

For the apoptosis assay, HAEC were seeded in six-well plates at a den-
sity of approximately 2x10° cells per well and then treated with BSA
or AGE-BSA at a concentration of 200 pug/mL for 48 h and 72 h, with
tunicamycin at a concentration of 5 pg/mL for 24 h and with both
AGE-BSA and tunicamycin at the same concentrations for 24 h. Cells
were then harvested, rinsed twice with PBS, collected by centrifuga-
tion at 2000 rpm for 5 min and annexin V-FITC apoptosis detection
kit (Trevigen, Gaithersburg, MD, Germany) was used according to the
manufacturer’s protocol. Samples were scanned with a fluorescence-
activated cell sorter (FACSCalibur, Becton Dickinson, USA), and the
data were analyzed with CellQuest software (Becton Dickinson).
A total of 10,000 events were measured per sample.

Plots in the annexin V-positive/propidium iodide-negative
quadrant were counted as apoptotic cells. Each experiment was per-
formed in triplicate.

Statistics

The data are presented as mean + SE for the number of experiments
indicated. Statistical analysis of the results was performed using Stu-
dent’s t-test. A p-value of <0.05 was considered to indicate statistical
significance.

Results

AGE-BSA administration inhibited
HAEC proliferation in a time- and
dose-dependent manner

In order to elucidate the impact of AGEs in endothelial
cell proliferation, HAEC were treated with increasing
concentrations (100, 200 pg/mL) of unmodified bovine
serum albumin (BSA) or AGE-BSA for different periods
of time (24, 48, 72 h). MTT proliferation assay indi-
cated that AGEs administration significantly reduced
HAEC viability in a time- and dose-dependent manner
(48 h-100 pg/mL AGE-BSA: p<0.01; 48 h-200 pg/mL
AGE-BSA: p<0.05; 72 h-100 pug/mL AGE-BSA: p<0.05;
72h—200 pg/mL AGE-BSA: p<0.001) (Figure 1A). In addi-
tion the administration of the ER stress-inducer tunica-
mycin had the same effect with the higher concentration
dose of AGE-BSA (200 pg/mL) and longer incubation
time (72 h) (p<0.001). The combined administration of
tunicamycin and increasing concentrations of AGE-BSA
indicated minor reduction of HAEC proliferation sug-
gesting a non-synergistic effect between these two
agents (Figure 1B).
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Figure1 Inhibition of HAEC proliferation by AGE-BSA and tunicamy-
cin treatment.

(A) Cells treated with BSA or AGE-BSA at concentrations of 100 and
200 ug/mLfor 24 h, 48 h and 72 h were subjected to the MTT cell
proliferation assay. (B) Independent experiments with combined
administration of tunicamycin (5 ug/mL) for 24 h and increasing
concentration of AGE-BSA (100-400 pg/mL) were performed. The
viability of untreated cells (control) was considered 100%. *p<0.05,
**p<0.01, ***p<0.001.

AGE-BSA treatment-induced ER stress
in HAEC

Based on recent studies that describe the involvement of
AGEs in ER stress signaling, we investigated the possible
induction of ER stress and the expression of UPR components
upon AGE-BSA administration. Semi quantitative PCR analy-
sis demonstrated the up-regulation of chaperones GRP78
and GRP94, the major indicators of ER stress induction in
all conditions under study (Figure 2). We also observed an
increase in XBP-I mRNA levels at early time points (24 h,
48 h) and lower concentrations -100 pg/mL) and of the
spliced form of XBP-1 at 72 h, suggesting the early activation
of IRE-1 pathway upon AGEs presence (Figure 2B-D).
Furthermore, we assessed the protein levels of the
early GRP78, XBP-1 and late UPR effectors, p-elF2o. and
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CHOP following AGE-BSA incubation. GRP78 expression
was found to be up-regulated in all dose- and time-points
(Figure 3) being in accordance with the elevated mRNA
levels (Figure 2). Similar trend was also observed in XBP-1
protein expression levels that remained elevated at early
time points (24 h, 48 h) and decreased at 72 h at both
AGE-BSA concentrations (Figure 3). In order to investigate
the involvement of late UPR effectors in AGEs-induced ER
stress, key molecules of the PERK pathway were studied.
As shown in Figure 3, AGE-BSA administration in HAEC
increased the phosphorylated form of elF2o. and of the
pro-apoptotic transcription factor CHOP expression in a
time- and dose- dependent manner. Higher levels were
observed in 48 h (200 pg/mL AGE-BSA) and in 72 h (at both
concentrations).

AGE-BSA administration-induced ER
stress-mediated apoptosis in HAEC

In order to confirm the proapoptotic transcription factor
CHOP induction upon AGEs treatment, we monitored
CHOP mRNA expression levels using quantitative real
time PCR analysis. Our results demonstrated an even
higher statistically significant CHOP mRNA fold induction
compared with protein expression levels in 72 h treatment
at both concentrations (Figure 4).

This finding indicated the development of CHOP-
mediated apoptosis in HAEC upon AGEs treatment that
was further investigated by annexin V/propidium iodide
flow cytometric analysis (Figure 5). High concentration of
AGEs (200 ug/mL) for 48 h and 72 h incubation resulted
in a significant increase of the early apoptotic fraction
of HAEC (four- and eight-fold, respectively). In addition
tunicamycin and AGE-BSA co-treatment did not further
increase the early apoptotic cells compared to tunicamy-
cin alone (39.64% vs. 37.51% of gated cells). This result is
consistent with the proliferation data (Figure 1B), provid-
ing further evidence for a common mechanism between
AGEs and tunicamycin in inducing HAEC apoptosis via
activation of UPR signaling.

Discussion

Endothelial cells present primary dynamic structures
that actively regulate basal vascular tone and reactivity in
physiological and pathological conditions. They respond
to neurohumoral mediators and mechanical forces as
to maintain the balance between vasodilatation and
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Figure 2 AGE-BSA administration induces mRNA levels of UPR components in HAEC.

(A) ER stress induction in HAEC following AGE-BSA treatment. RT-PCR analysis of GRP78, GRP94 and XBP-1 mRNA expression after AGE-BSA
administration at increasing concentrations (100, 200 pg/mL) for different periods of time (24 h, 48 h, 72 h). The lower band represents the
spliced form of activated XBP-1(arrow). (B) The panel represents results of densitometric analysis of GRP78, GRP94 and XBP-1 PCR fragments
after normalization to actin levels. TNF-a. (50 ng/mL for 4 h) and tunicamycin (5 ug/mL for 24 h) treatments were used as positive ER stress
induction controls. All experiments have been performed at least three times and representative results as well as corresponding quantifi-

cation data of one experiment are shown (B-D).

vasoconstriction, restore blood fluidity and vessel wall
integrity [29]. Loss of endothelial function may be a criti-
cal and initiating factor for several conditions including
inflammation, diabetic micro- and macrovascular compli-
cations as well as cardiovascular diseases [29].

AGEs have been shown to contribute to endothelial
dysfunction and this has been clearly demonstrated in
diabetes, where levels of serum AGEs in patients with type
2 diabetes were negatively associated with the degree of
endothelium-dependent and endothelium independent
vasodilation [30]. Several mechanisms have been sug-
gested to explain the association. Among them, bioavaila-
bility and activity of the endothelium-derived NO has been
demonstrated to be reduced by AGEs [31]. AGE associated

induction of oxidative stress may quench and inactivate
endothelium-derived NO and uncouple endothelial NO
synthase (eNOS) activity through receptor-mediated phos-
phorylation and increased eNOS degradation [32, 33]. In
addition, AGEs may impair endothelial balance by reduc-
ing the endothelial production of prostacyclin [34] and
enhancing the expression of endothelin-1 [35]. They are also
capable of increasing endothelial permeability to macro-
molecules [36, 37] and modify the functions of endothelial
progenitor cells by promoting their apoptosis and migra-
tion [38]. Endothelial cell apoptosis due to AGEs has been
demonstrated in several studies using bovine and human
aortic ECs and has been mainly attributed to the induction
of oxidative stress and mitochondrial dysfunction [14, 16].



6 —— Adamopoulos etal.: AGE-induced ER stress in endothelium

; AGEs .
NG N N N
S & §&§ &S
S $ o £ 9 P
S o SN SN S
N N S S & & o £
L % v N v N VAN 4
& ° N < X < X N
S Q¥ R N AR
GRP78 ——————{
p-elF2a - (RS —— e —
XBP-1 |

CHOP

Actin

DE GRUYTER

B
1.2
mGRP78
1.0 4 op-efF2a
5 oCHOP
£ 0.8 1 aXBP-1
[0
g
3
$ 0.6
=
g 0.4
& 047
0.2 1
0.0

Figure 3 AGE-BSA administration increases GRP78 and other UPR component protein levels.

GRP78, p-elF20, XBP-1and CHOP protein levels were assessed by Western blot analysis after AGE-BSA treatment of HAEC at increasing
concentrations (100, 200 pg/mL) for various time points (24 h, 48 h, 72 h) (A). The densitometric quantification of these results (normalized
to the actin levels) is shown in the graph (B). Tunicamycin (5 ug/mL for 24 h) treatment was used as positive ER stress induction control.

All experiments have been performed at least three times and representative results as well as corresponding quantification data of one

experiment are shown.
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Figure 4 Induction of proapoptotic transcription factor CHOP upon
AGE-BSA treatment.

CHOP mRNA levels were monitored by quantitative real time PCR
analysis in HAEC following treatment with AGE-BSA at increasing
concentrations (100, 200 pg/mL) for different time points. TNF-o.
(50 ng/mL for 4 h) and tunicamycin (5 ug/mL for 24 h) treatments
were used as positive ER stress induction controls. *p<0.05,
**p<0.01, ***p<0.001.

Here, we show AGEs-induced apoptosis in ECs through
ER stress pathway, providing a novel molecular mecha-
nism for endothelial dysfunction in metabolic and cardio-
vascular disorders. ER is exquisitely sensitive to glucose
availability and depends on blood glucose levels for the
energy supply required for the protein folding process [39].
ECs always exposed to elevations and reductions of blood
nutrients, are very dynamic, metabolically active cells,
with a high volume of protein synthesis which predispose
them to ER stress [40]. In particular ECs cannot tolerate
the continued high glucose exposure, and thus ER stress
is commonly initiated in a diabetic milieu [41]. It was thus
hypothesized that ER stress may also be induced in HAECs
under conditions of increased exogenous glycated proteins
(AGEs) uptake. Indeed, incubation of HAEC with high AGE
levels for prolonged durations (48 h and 72 h) was capable
to significantly reduce cell proliferation. This reduc-
tion was accompanied by increased mRNA and protein
levels of ER stress sensors (GRP78, GRP94) indicative of
ER stress induction. Recent studies have also shown the
direct induction of ER stress by AGEs in murine podocytes,
human neuroblastoma cell lines and human chondrocytes
where they are implicated in inflammatory and oxidative
processes as well as cell death pathways [25, 26, 42].
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Figure 5 AGE-BSA induced apoptosis in HAEC in a time-dependent manner.

Apoptosis of HAEC was determined by annexin V/PI binding. HAEC were untreated (A), treated with AGE-BSA (200 pg/mL) for 48 h (B) and
72 h (C), with tunicamycin (5 ug/mL) for 24 h (D) and with both tunicamycin (5 ug/mL) and AGE-BSA (200 ug/mL) for 24 h (E). Percentage of
gated cells is shown in each quadrant (UL: % of necrotic cells, UR: % of apoptotic cells, LL: % of viable cells, LR: % of early apoptotic cells).

Notably, at early time points (24 h, 48 h) of AGE-BSA
administration, activation of the transcriptional activa-
tor, XBP-1 was observed that is a mediator of the adaptive
UPR response. The three UPR branches (IRE1, PERK, and
ATF6) have been reported to initially promote cell survival
by reducing misfolded protein levels but when ER stress
is not alleviated UPR signaling promotes apoptotic cell
death. This is also possible to occur under AGEs accumu-
lation, being capable of triggering both protective and cell
death responses depending on their concentration and
the duration of their presence. In accordance with this
hypothesis, we found that IRE1 activity (as demonstrated
by XBP-1 expression) was increased at early AGE-induced
ER stress (24 h) and attenuated by persistent ER stress
(48 h, 72 h). IRE1 is a transmembrane kinase (endoribo-
nuclease, RNAse) that upon activation, initiates the non-
conventional splicing of Xbp-1 mRNA [43, 44]. Spliced
Xbp-1 mRNA encodes a transcription activator that drives
transcription of genes such as ER chaperones, whose
products directly participate in ER protein folding [45].
By contrast, our data show that PERK signaling including

translational inhibition (by phosphorylation of elF2c)
and proapoptotic transcription regulator CHOP induction
was maintained at 48 h and 72 h incubation with AGEs.
PERK is a transmembrane kinase that phosphorylates the
eukaryotic translation initiation factor 2o (elF2cr), thus
reducing protein synthesis and counteracting ER protein
overload [46]. Additionally, CHOP is a B-ZIP transcrip-
tion factor induced by the PERK branch of the UPR that
promotes cell death [47]. Chop mRNA levels were signifi-
cantly increased at 48 h incubation with 200 pg/mL AGEs
compared to untreated control and remained elevated at
72 h at both concentrations, indicative of proapoptotic
signaling. These data were further confirmed by double
staining flow cytometric analysis of AGE-stimulated HAEC
using the early apoptotic marker, annexin V and nucleic
acid stain, propidium iodide. Significantly increased cell
numbers of early apoptotic cells were detected following
AGEs treatment for 48 h and 72 h. The modest increase
in early and late apoptotic cell population after treatment
with AGEs combined with tunicamycin compared to tuni-
camycin alone indicated that both agents share common
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UPR signaling pathways in the induction of apoptosis in
HAEC.

Several studies in other cell systems suggest that
apoptosis mediated by AGEs could be induced by an ER
pathway independent from mitochondria [25, 48]. More
specifically, AGE-induced GRP78 expression as an ER
stress sensor was associated with elevated intracellular
Ca?* and apoptosis in murine podocytes [25]. Addition-
ally, 3-deoxyglucosone, a precursor for AGEs, that is
highly upregulated in skin explants of diabetic cutaneous
wounds, was found to mediate ER stress-induced apopto-
sis through ROS formation in human dermal fibroblasts
via a RAGE-independent mechanism [48]. This is par-
ticularly interesting since previous studies limited AGE-
induced apoptosis in being mediated through increased
oxidative stress following interaction of AGEs with their
receptor RAGE [14-16].

It is therefore evident that due to the heterogeneity
of AGE compounds and the wide range of their precursor
molecules; different signaling may be selected depending
not only upon the cell type but the state of AGE molecules
being either in circulating or protein-bound form. Further
research is required in elucidating the necessity of RAGE
in endothelial ER stress induction under high AGE envi-
ronments. Additionally, since ER stress regulates mito-
chondrial bioenergetics, a potential crosstalk between
oxidative stress in ER stress-induced apoptosis cannot be
excluded and should be explored in detail.

However, our data show that ER function can be
modulated by AGEs affecting critically both ECs func-
tionality and cell fate. Thus, chemical enhancement
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Context: Advanced glycation, the major posttranslational modification of proteins, DNA, and lipids, is
accelerated under conditions of increased oxidative stress, hyperglycemia, and hypoxia contributing to
a variety of metabolic diseases such as diabetes mellitus, obesity, inflammation, polycystic ovarian
syndrome, ischemic cardiovascular disease, and neurodegenerative disorders. The potential role of
advanced glycation in endoplasmic reticulum (ER) homeostasis is largely unknown.

Evidence Acquisition: Basic and clinical peer-reviewed articles on advanced glycation and ER stress
related to metabolic regulation were searched in PubMed from 2000-2011. The resulting articles
as well as relevant cited references were reviewed.

Evidence Synthesis: Recent evidence indicates that hyperglycemia, hypoxia, and oxidative stress,
apart of triggering advanced glycation, can also adversely affect ER function, leading to patho-
genic ERstress, followed by the unfolded protein response. The concomitant presence of advanced
glycationinthe same conditions with ER stress suggests their crosstalk in the progression of diseases
associated with hypoxic and oxidative stress.

Conclusion: Current data support the direct or indirect induction of ER stress response by advanced
glycation end products or advanced glycation end product precursors in the pathogenesis of
metabolic diseases. Inhibitors of advanced glycation acting as potent ER stress modulators with
beneficial effects in restoring ER homeostasis and adjusting physiological unfolded protein re-
sponse level present an emerging therapeutic approach with significant applications, especially in
the context of metabolic dysfunction. (J Clin Endocrinol Metab 97: 2231-2242, 2012)

n the last century, an increased prevalence of chronic
metabolic disorders including obesity, type 2 diabetes
(T2D), and insulin resistance has been observed in devel-
oped countries, affecting adults as well as children (1, 2).
Abnormal insulin action and increased adiposity are the
hallmarks of numerous health problems associated with
elevated incidence of T2D, hepatobilliary and gall bladder
disorders, cardiovascular complications, neurodegenera-
tive diseases, and tumors (3, 4). The underlying causative
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mechanisms usually involve dysregulation or lack of co-
operation between homeostatic mechanisms implicated in
nutrient and energy management.

Metabolic dysregulation as characterized by high en-
ergy and excess nutrient intake is often associated to
unbalanced glucose homeostasis and subsequent insulin
secretion affecting a variety of organs, including pan-
creatic B-cells, liver, fat, and muscle tissue as well as
brain.

Abbreviations: AGE, Advanced glycation end product; ATF6, activating transcription factor 6;
CHOP, C/EBP homologous protein; CML, N-carboxymethyl-lysine; CRCT2, CREB-regulated
transcription activator 2; elF2a, E74-like factor 2a; ER, endoplasmic reticulum; GRP, glucose
regulated protein; IRE1, inositol requiring 1; LDL, low-density lipoprotein; NF-B, nuclear factor-
kB; PCOS, polycystic ovarian syndrome; PERK, protein kinase-like ER kinase; RAGE, receptor for
AGE; ROS, reactive oxygen species; SOD, superoxide dismutase; SREBP, sterol regulatory ele-
ment-binding protein; T2D, type 2 diabetes; UPR, unfolded protein response.
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Among the most important posttranslational modi-
fications is the nonenzymatic modification of proteins,
lipids, and nucleic acids by glucose, converting them to
advanced glycation end products (AGE). Advanced gly-
cation results in irreversible cross-linking of proteins,
loss of protein structure and function, followed by ap-
optosis (5). Hyperglycemic conditions, oxidative stress,
and hypoxia accelerate the generation of AGE precursors
contributing to variable pathologies such as T2D, meta-
bolic syndrome and obesity, polycystic ovarian syndrome
(PCOS), cardiovascular disease, inflammation, and neu-
rodegenerative disorders.

Endoplasmic reticulum (ER), being the primary regu-
latory organelle of protein synthesis, folding, maturation,
and transport, presents the most important nutrient cell
sensor and a critical coordinator of metabolic responses.
Conditions that challenge ER function such as increased
synthesis of misfolded proteins and their accumulation in
ER lumen activate an elaborate adaptive response, the un-
folded protein response (UPR) (6). Canonical UPR is me-
diated by three main branches that intersect with different
inflammatory and signaling pathways, commonly impli-
cated in metabolic dysfunction (4).

Recent experimental evidence indicates the concomi-
tant presence of AGE and ER stress in the same patholog-
ical entities commonly associated with oxidative stress or
hypoxia, suggesting a pathophysiological interplay.

Advanced Glycation and Metabolic
Implications

Advanced glycation takes place in all cell types and refers
to reaction between reducing sugars and amino residues
present in DNA, proteins, and lipids, known as the Mail-
lard reaction. Thisis followed by rearrangements and final
cross-linking to generate AGE (7). AGE constitute a het-
erogeneous group of compounds of more than 20 mem-
bers including the 1,2-dicarbonyl precursor compounds
glyoxal, methylglyoxal, and the end products, N-carboxy-
methyl-lysine (CML), pentosidine, and hydroimidazolone
being the best characterized, and serving as markers of
AGE accumulation in various tissues (8, 9).

Although AGE are formed slowly under physiological
conditions, their generation and subsequent accumulation
are enhanced in hyperglycemic and insulin resistance
states as well as during oxidative stress (5). In normogly-
cemia, however, advanced glycation can be induced by
hypoxia and oxidative stress as characterized by increased
production of reactive oxygen species (ROS). Under hy-
poxic conditions, it is triggered by mitochondrial dysfunc-
tion followed by ROS generation and altered adaptive
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hypoxic response. A vicious circle is therefore developed
between conditions of hypoxia, oxidative stress, and en-
hanced advanced glycation (5).

Diet presents an alternative source of AGE in the hu-
man body along with consumption of beverages and cig-
arette smoke (10). Food processing such as prolonged
heating, frying, or grilling accelerates the glycol oxidation
and lipoxidation reactions, resulting in increased forma-
tion of AGE (10-13). Intake of high-AGE diets has been
correlated with increased circulating AGE levels and in-
sulin resistance as well as tissue deposition interfering with
metabolic homeostasis (13, 14). Administration of the
pancreatic lipase inhibitor orlistat in women with PCOS
after a high-AGE diet intake was able to acutely reduce
serum AGE levels and improve their metabolic profile
(15-17).

AGE effects can be classified as receptor dependent
or independent, and their mode of action is both intra-
cellular and extracellular. Intracellular effects are me-
diated through binding of AGE to specific receptors
(RAGE) present on cell surface, triggering the activation
of signaling pathways such as protein kinase C, MAPK,
ROS, and nitric oxide (5), with most of them converging
in the activation of transcription factor nuclear fac-
tor-kB (NF-«B) that regulates transcription of a number
of proteins implicated in endothelial function (vascular
cell adhesion protein-1, intercellular adhesion mole-
cule-1, endothelin-1) and inflammation (proinflamma-
tory cytokines, IL-18, IL-6) (18-20). Extracellular ef-
fects of AGE include modification of structural
proteins, usually connective tissue components such as
collagen type IV and laminin, leading to alteration of
structure and function, increased stiffness, and resis-
tance to proteolytic digestion (21-23).

Every tissue in the human body can be affected by AGE,
including kidney, liver, arteries, reproductive, muscle,
skeletal tissue, and brain, whereas there is increasing ev-
idence that sustained exposure to AGE is related to the risk
of metabolic disorders and adverse aging-related out-
comes (24-26). Apart from diabetes and its complica-
tions, AGE are associated with certain liver diseases such
as nonalcoholic steatohepatitis and cirrhosis due to their
clearance through liver as well as to end-stage renal disease
due to their metabolism by the kidney (27). Deposition of
AGE in arterial walls, especially in the elastic membrane
and intimal extracellular matrix, allows formation of
cross-links with matrix proteins in the wall of blood ves-
sels, reducing elasticity and promoting vessel rigidity,
therefore implicating AGE in atherosclerosis (28). Re-
cently, increased localization of AGE has been observed in
the female reproductive system of experimental animals,
after intake of a high-AGE diet (29), and in the ovarian
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FIG. 1. UPR pathways in metabolic regulation. Under ER stress, the canonical UPR pathways
are implicated in the homeostasis of glucose, insulin synthesis, and lipid metabolism. A, The
pancreatic B-cell controls the synthesis, folding, and production of insulin through the ER.
PERK expression is a requirement for B-cell formation and survival during early stages of
development, along with another chaperone, p581PK, that is induced in ER stress (51, 52,
110, 111). Insulin production requires IRE1, and elF2a phosphorylation is necessary to halt
insulin synthesis until folding needs are met (47). The loss of gene WFST that encodes the
protein wolframin present in ER membrane leads to ER stress and cellular death (112).
Prolonged ER stress in B-cells results in apoptosis through c-Jun terminal kinase
phosphorylation mediated via IRE-1 activation as well as through CHOP, a downstream
mediator of UPR (113). Down-regulation of CHOP in conditions of high insulin requirements
leads in B-cell survival and amelioration of glucose homeostasis (114). B, In the liver, UPR is
implicated in lipogenesis and gluconeogenesis. The activity of XBP1 in liver cells, which is
downstream of the UPR sensor IRE1a, regulates transcription of many genes implicated in
fatty acid synthesis (115). In addition, overexpression of Grp78 inhibits the activation of
SREBP1 and SREBP2, the major transcriptional regulators of lipogenic gene expression, and
reduces hepatic steatosis in obese mice (116). In hepatocytes, ER stress also induces the
production of hepcidin, an iron-regulating peptide hormone, leading to abnormal iron
metabolism (117). [Adapted and reprinted in modified form from G. S. Hotamisligil:
Endoplasmic reticulum stress and the inflammatory basis of metabolic disease. Cell 140:900—
917, 2010 (4), with permission. © Elsevier.]
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ER Response and Metabolic
Homeostasis

ER is envisioned as a complex network
spread throughout the cytoplasm that
can detect and transmit signals originat-
ing in any compartment of the cell. It is
implicated in essential cellular activities
including Ca®* storage and signal trans-
duction (39, 40). Specialized chaperones
and folding enzymes control ER homeo-
stasis in the cells by keeping the balance
between the cellular need for protein syn-
thesis and proper protein folding. How-
ever, various conditions and external in-
puts are capable to disrupt ER homeostatic
environment. Situations of excess nutri-
ents, insulin resistance, and inflammation
commonly associated with obesity induce
ER stress, compromising cellular function
(41, 42). Other disturbances that pro-
voke ER stress include disrupted calcium
homeostasis, lack of energy or glucose,
changes in ROS level, ischemia, muta-
tions, and viral infections (43).

The sensory machinery of ER stress is
composed of three proteins bound to
ER membrane, namely double-stranded
RNA-dependent protein kinase-like ER
kinase (PERK), inositol requiring 1
(IRE1), and activating transcription fac-
tor 6 (ATF6). Upon activation, these sen-
sor molecules transduce a signaling cas-
cade from ER to nucleus, the UPR.
Several downstream effectors are regu-
lated by UPR that lead to adaptive re-
sponse, feedback control, and regulation

tissue of women with PCOS, correlating positively with an
altered metabolic (insulin resistance) and hormonal (hy-
perandrogenemia) profile (30-32). Furthermore, muscle
tissue can also be affected from AGE deposition due to
collagen cross-linking in muscle tendons and cartilage that
leads to muscle stiffness and reduced muscle function (33,
34). Emerging evidence suggests AGE involvement in bone
remodeling and in reduced bone quality due to altered
mechanical properties and increased stiffness of collagen
matrix (35, 36). At last, neurofibrillary tangles and senile
plaques can also be sites of AGE accumulation in aging
human brain as well as in Alzheimer’s disease, where they
are implicated in cognitive deficits (37, 38).

Adverse AGE-mediated signaling from all major met-
abolic tissues is then directed to ER lumen where cell fate
decisions are made through a specialized protein network.

of cell fate (44). Adaptation initially involves activation of
molecular chaperones and folding enzymes to achieve en-
hanced protein-folding activity. This leads to reduced ER
workload through mRNA degradation and attenuation of
translation as well as elevated ER-associated protein
degradation and clearance of unwanted proteins
through autophagy. In the case of harmful UPR hyper-
activation, however, UPR master regulators are
switched off along with downstream signaling mole-
cules to resolve the unwanted effects (44). The UPR is
therefore responsible, apart from cell survival, to also
promote cell death (Fig. 1). Indeed, in situations of pro-
longed ER stress due to either chronic exposure to high
glucose or genetic mutations, UPR activates death re-
ceptors through the same three transducers, acting as a
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“binary switch” and leading to apoptosis (44). The del-
eterious effects of unresolved and sustained ER stress
such as perturbed calcium homeostasis, accumulation
of unfolded proteins, loss of ER function, and apoptosis
have been associated with the development of patho-
logical conditions such as inflammation, diabetes, ath-
erosclerosis, and neurodegenerative disorders.

ER homeostasis is particularly important for human me-
tabolism because it coordinates the response of all metabolic
organs by controlling the synthesis and catabolism of various
nutrients. ER controls insulin synthesis, folding, and produc-
tion in the pancreatic B-cell (Fig. 1A). Glucose metabolism
involves all the three branches of UPR, and ER is implicated
in the transcription of most glucose-regulating genes (45).
Experimental animal models harboring UPR deficiency
(PERK-targeted) or mutation disrupting elF2a phosphory-
lation show defective gluconeogenesis in their livers (42, 46)
and subsequent pancreatic islet cell dysfunction or death
linked to ER failure (47). Additionally, mice expressing the
C-terminal fragment of Gadd34 in liver demonstrate defec-
tive gluconeogenesis and reduced hepatic glycogen that lead
to problems in blood glucose handling during fasting (48).
Furthermore, ER stress triggers transcriptional networks
that target genes implicated in glucose output and glycogen
synthesis such as glycogen synthase 1, an XBP1 target (45,
49). Another component of ER machinery that is implicated
in glucose production in the liver is ATF6, which is regulated
through the interaction with the cAMP response element
binding-regulated transcription activator 2 (CRTC2/
TORC2) (45). ER stress leads to dephosphorylation of
CRTC2 and entry in the nucleus of cultured cells where it
promotes expression of ER control genes through binding to
ATF6. ATF6 activation reduces glucose output in the liver
through dissociation of the cAMP response element binding-
CRTC2 complex, thus inhibiting CRTC2 interaction with
gene promoters implicated in gluconeogenesis (45).

UPR response is also involved in the control of cellular
lipogenesis because ER plays a regulatory role in the syn-
thesis of fatty acids and cholesterol. This is mediated
through activation of the transcription factors, sterol reg-
ulatory element-binding protein (SREBP) located in the
ER (50). When sterol or insulin levels are low, SREBP are
translocated to the Golgi, where they are processed and
activated (51). ER stress may also induce SREBP activa-
tion and thus regulate the transcription of target genes
involved in lipid synthesis (SREBP1c) or cholesterol me-
tabolism (SREBP1a, SREBP2) (52). ER stress also inter-
feres with lipid metabolism in the liver, along with iron
and glucose homeostasis (Fig. 1B).

Furthermore, UPR pathways are linked to stress sig-
naling through activator protein-1 and to inflammation
through induction of NF-«B pathway, nitric oxide, and
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ROS production (4). These pathways play a central role in
metabolic abnormalities characterized by abnormal insu-
lin action and obesity-induced inflammation. The inter-
play of ER stress and inflammation is two-sided, with in-
flammatory mediators and several cellular pathways
having a negative input on ER homeostasis. This relation-
ship is cell type-dependent, and further research is re-
quired to establish the exact mediators of each cell’s sus-
ceptibility to
Advanced glycation being a major trigger of inflammatory
response, hypoxia and oxidative stress could also be in-
volved in modulation of ER homeostasis (Fig. 2).

inflammation and ER homeostasis.

Crosstalk between AGE and ER Stress
Signaling

Evidence of the direct induction of ER stress by AGE comes
from the original study of Chen ez al. (53) where murine
podocytes exposed to AGE-BSA showed increased expres-
sion of glucose regulated protein (GRP)78 (an ER stress
marker) and apoptosis in a dose- and time-dependent man-
ner. This effect was accompanied by increased intracellular
Ca”" levels and inhibited by tauroursodeoxycholic acid, an
ER stress inhibitor with chaperone function that promotes
proper folding and trafficking. The reduction of apoptosis
that was observed by using this inhibitor indicates the in-
volvement of UPR apoptotic pathway in mediating AGE ef-
fects rather than canonical RAGE signaling, providing an
important molecular mechanism implicated in diabetic ne-
phropathy (53).

In a similar way, when human osteoarthritic chondro-
cytes were exposed to AGE-BSA, an increased expression of
GRP78 was observed, followed by elevated expression of
IL-6 and IL-8. This effect was mediated through RAGE via
p-38 MAPK activation, providing an alternative mechanism
that contributes to the pathogenesis of osteoarthritis (54).

Subsequent studies with human dermal fibroblasts
showed that deoxyglucosone, an AGE-precursor, is associ-
ated with ER stress-induced apoptosis. Collagen type I mod-
ified by 3-deoxyglucosone induces ROS and apoptosis me-
diated through ER stress pathway [via C/EBP homologous
protein (CHOP) activation] and not through the RAGE sig-
naling (55), providing a link between AGE and ER stress in
the pathogenesis of diabetic wounds. These data are in ac-
cordance with preliminary findings of our group where gly-
cated albumin induced direct activation of ER stress through
GRP78 in endothelial cells (human aortic endothelial cells)
that was followed by CHOP induction and apoptosis in a
concentration-dependent manner.

Another study of endothelial cells from bovine aortas
incubated with oxidized low-density lipoprotein (LDL)
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FIG. 2. Crosstalk of AGE signaling and UPR. AGE and oxidized-LDL can directly or indirectly
(through receptor for AGE) induce ER stress. AGE-RAGE signaling and AGE-modified long-
lived proteins (such as collagen) lead to increased ROS production and UPR, via CHOP
activation, resulting in apoptosis. AGE and UPR pathways are linked to stress signaling
through activator protein-1 and to inflammation through induction of NF-xB pathway and

ROS production.

showed increased ER stress markers expression, GRP78,
p-PERK and activated ATF6 mediated through AMP-ac-
tivated protein kinase activation (56). These effects were
accompanied by impaired vasorelaxation of the endothe-
lium and subsequent endothelial dysfunction in mice fed
with a rich-in-fat diet.

Indirect Mechanisms Contributing to ER
Stress Induction by AGE

The close link of AGE with oxidative stress, low or high
glucose conditions, RAGE-mediated inflammation, hyp-
oxia, and aging allocates them as likely contributors of the
integrated ER response in metabolic regulation (Fig. 2).

Oxidative Stress

It is known that production of ROS by oxidative stress
enhances AGE formation, therefore altering protein func-
tion. ROS, however, also interfere with the protein-fold-
ing process and disulfide bonds leading to misfolding of
proteins in the ER. Furthermore, ROS presence enhances
adipocyte differentiation and lipid accumulation, leading
to ER stress followed by insulin resistance (57, 58).
There is evidence that intake of a high-fat diet can induce
both AGE formation and oxidative stress, which further re-

ER stress
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obesity (53, 59-62). In a more recent
study, increased AGE and ROS were ob-
served in the hippocampus of mice fed
with a rich-in-cholesterol diet and pro-
moted ER stress induction through in-
creased phosphorylation of PERK and
elF2a. ER stress further impaired insulin
signaling by increasing IRS1 phosphory-
lation, reducing phosphoinositide ki-
nase-3/Akt activity and inducing NF-«B
activation (63).

Indirect evidence of the pathogenic
~ interrelation of ROS generation, ad-

\ vanced glycation, and ER stress comes
Nuceus \, also from studies with antioxidant en-
zymes such as superoxide dismutase
(SOD). Transgenic animals overex-
pressing copper-zinc SOD showed re-
duced ischemic neuronal cell death me-
diated through ATF4 and CHOP than
in wild-type hippocampus (64). Simi-

Endopj’asm:c reticulum
misfolded protein

GRP78

ATF6

larly, mice deficient in cytoplasmic cop-
per-zinc SOD exhibited increased plaque and neuronal
inflammation, accompanied by AGE production (CML)
and oxidative damage leading to memory impairment
(65). Furthermore, in cultures of renal proximal tubular
cells, cadmium was able to induce increased ROS produc-
tion and subsequent ER stress leading to apoptosis that
was prevented when cells were transfected with manga-
nese SOD (66). Moreover, manganese SOD was found to
attenuate advanced glycation and methylglyoxal production
by decreasing ROS production in mitochondria of human
aortic endothelial cells cultured in high glucose (67).

Glucose Levels

Low glucose levels due to starvation or other metabolic
dysregulation leading to energy loss have a detrimental
effect in protein folding, resulting in unfolded protein ac-
cumulation in the ER lumen (5). Hyperglycemia on the
other hand is the main trigger of ROS formation involved
in AGE formation and ER stress induction, further medi-
ating the metabolic complications of diabetes, obesity, and
neurodegeneration (19, 20, 64, 67). Various studies have
shown the increased ROS generation due to high glucose
that enhances AGE precursor formation and advanced
glycation contributing to ER stress manifestations such as
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inflammation. In addition, resident proteins of the ER
(chaperones or folding sensor proteins) that control pro-
tein folding can also be modified by oxidation or glycation
altering the UPR adaptive ability (68, 69).

Inflammation

AGE-RAGE signaling pathway in endothelium may result
in NF-«B activation either directly or through MAPK cas-
cades (ERK1/2 and p38) resulting in proinflammatory cy-
tokine production (13,28,70, 71). Cytokines are also able
to induce ER stress leading to chronic inflammation, in-
dicating that the effects of advanced glycation and ER
stress can be mediated through RAGE (3, 4). Additionally,
a study of infantile neuronal ceroid lipofuscinosis showed
that elevated ER stress stimulated S100B and RAGE ex-
pression in astroglial cells resulting in proinflammatory
cytokine production (72). Therefore, ER stress can further
stimulate AGE-RAGE signaling, exacerbating oxidative
stress and inflammation.

Hypoxia

Protein folding can be severely affected by hypoxic con-
ditions where aberrant oxygen tension or loss of energy
due to metabolic disturbances can occur (5). The resulted
unfolded protein load and protein aggregates in the ER
induce ER stress (5). Accumulation of AGE and proapo-
ptotic UPR signaling has been observed in conditions of
hypoxic reperfusion or ischemia of the heart, kidney, or
brain, indicating their role in the pathogenesis of hypoxic
injury (73, 74). Studies focused on kidney damage by these
conditions point out the increased cytotoxicity of meth-
ylglyoxal, which leads to apoptosis through ER stress.
Inhibition of methylglyoxal by an AGE detoxifying en-
zyme, glyoxalase I, or inhibition of UPR by GRP78 over-
expression further improves kidney damage (5, 73, 74).
Hypoxic environment is commonly a hallmark of ma-
lignant cells due to poor vascularization of most solid tu-
mors leading to ER stress and energy loss. The hypoxia-
induced UPR is thus crucial for tumor cell survival (75,
76). Induced GRP78 expression in tumor cells improves
protein folding and correlates positively with tumor pro-
liferation, metastasis, and drug resistance (77). Further-
more, the presence of AGE is also increased in a range of
tumors correlating with metastasis and reduced survival
interrelating AGE and ER stress in tumorigenesis (78).

Aging

The aging process has been ultimately associated with el-
evated AGE presence contributing to chronic diabetic
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complications, senescence, and age-related diseases. At
the same time, molecular chaperones and ER-resident en-
zymes are altered by aging, further compromising UPR
adaptive properties (69). Two studies performed on Cae-
norhabditis elegans underline the role of AGE and ER
stress in aging. C. elegans either overexpressing glyoxalase
I homolog or being deficient in HIF-1, a hypoxic tran-
scription factor, showed increased life span due to ROS or
ER stress reduction, respectively (79, 80). The combina-
tion of both interventions may be the secret of cellular
homeostasis and longevity.

Targeting Advanced Glycation Improves
ER Homeostasis

The crosstalk of advanced glycation with ER stress sig-
naling underlies the pathophysiology of several disorders
related to metabolism as well as ischemic and neurode-
generative diseases. Current evidence indicates that some
inhibitors of advanced glycation may prove beneficial in
maintaining ER homeostasis through modulation of UPR
response (Table 1).

AGE Formation Inhibitors

Aminoguanidine, a well-established AGE inhibitor that
has the ability to sequester the toxic 1,2-dicarbonyl com-
pounds and render them into nontoxic triazines has been
currently tested in a rat model with diabetic nephropathy
(81). It was proven effective in up-regulating PERK, there-
fore alleviating associated ER stress and reducing inflam-
matory cytokine production (81).

Hypoglycemic Agents

The bisguanidine metformin is a glucose-lowering agent
with antioxidant properties and a common antidiabetic
drug. Previous studies along with our data have shown
that metformin acts as a moderate AGE inhibitor through
its reaction with methylglyoxal to form dihydroimida-
zolone, a less potent derivative (82, 83). Recently, met-
formin was found to reduce ER stress induction in hepa-
tocytes (HepG2) through blockage of GRP78, CHOP, and
XBP-1, suggesting its potential use in nonalcoholic fatty
liver disease (84). Furthermore, metformin has a protec-
tive role against dysfunction and ER stress-induced death
in pancreatic B-cells (NIT-1) (85). Another hypoglycemic
agent, pioglitazone, known to decrease AGE formation
(86), is also able to reduce ER stress in liver and reduce
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TABLE 1. AGE inhibitors targeting ER stress
Human/clinical
Action Compound In vitro studies In vivo studies trials (phase) Ref.
Inhibition of AGE Aminoguanidine | PERK (rat kidney) | Neuropathy | Nephropathy 81
formation
| Nephropathy | Retinopathy (IIl)
| Retinopathy
Antihypertensive  Olmesartan | CHOP (murine heart tissue) |, Heart damage 92
drugs
Hypoglycemic Metformin | GRP78, | CHOP, | p-elF2a, | Hyperglycemia Major antidiabetic 82-85
agents | ATF6 (HepG2, NIT1) | Insulin resistance drug
Pioglitazone | GRP78, | p-elF2a | Hyperglycemia Antidiabetic drug  86-88
(liver, murine B-cell) | Insulin resistance
| Apoptosis
Inhibition of AGE AST-120 (Kremazin) | CHOP (rat renal tubules) | Renal failure 89, 90
absorption | Uremic toxins
Antioxidant Manganese SOD | XBP1, | ATF6, |, CHOP | Nephropathy 66, 67
enzymes (porcine renal proximal
tubules)
Catalase | GRP78, | p-PERK (human | Atherogenesis 93, 94
endothelial cells) | Cardiac aging
Antioxidants N-acetyl cysteine | CHOP (porcine renal tubular |, Nephropathy 90
cells)
VIRE1, | p-PERK, | ATF6 | Atherogenesis 95
(human endothelial cells)
Troxerutin | PERK, | elF2a (murine | Neuropathy, | cognitive 63
brain) impairment
Curcumin | GRP94, | CASPASE 12 | Myogenic cell damage 96-99
(murine myoblasts)
| GRP78, | GRP94 (bovine | Atherogenesis 100
endothelial cells)
Carnosine | p-elF2a (SH-SY5Y cells) | Neuropathy | Cataracts 101, 102
Quercetin | ATF4 (HEK293) | Amyloid B production 103, 104
| Neurodegeneration
a-Lipoic acid | CHOP 105, 106
| BAX (FRTL5 thyroid cells)
ROS scavengers  TM2002 | ORP150 (rat brain) | Neuropathy 107, 108
| Cerebral ischemia
Tempol | GRP78, | p-PERK, | ATF6 | Atherogenesis 56

(bovine endothelial cells)

| Endothelial dysfunction

insulin resistance in diabetic mice (87) as well as in pan-
creatic B-cells of Wfs1-knockout mice (88).

AGE Absorption Inhibitors

A novel approach to reduce the deleterious effects of
AGE is to block their absorption with oral absorbents.
AST-120 is able to bind CML and decrease AGE levels
in diabetic subjects with chronic renal failure (89). The
same agent when administered in a nephrectomized rat
model with chronic kidney disease was able to decrease
tubular expression of CHOP, thus suppressing disease
progression (90).

Antihypertensive Drugs

Antihypertensive drugs (angiotensin type 1 receptor
blockers and inhibitors of angiotensin-converting en-

zyme) acting on the renin-angiotensin system reduce ox-
idative stress through ROS scavenging and at the same
time inhibit advanced glycation (91). In parallel, ER stress
is induced by angiotensin II, suggesting an interaction be-
tween these pathways. In the study by Okada et al. (92),
apoptosis of cardiac myocytes during hypertrophy and
heart failure of mice subjected to transverse aortic con-
striction may be mediated through prolonged ER stress.
The angiotensin type 1 receptor blocker olmesartan pre-
vented ER stress induction and proapoptotic cascade in
this model, improving heart damage (92).

Antioxidants

Various antioxidant compounds have been studied rela-
tive to their action over reduction of advanced glycation.
Their potent reducing effect is attributed to reduction of
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ROS formation mainly through scavenging of free radicals
and inhibition of glycoxidation. The scavenging activity of
these agents is also capable of modulating UPR. In addi-
tion to SOD, catalase, an antioxidant enzyme involved in
H, 0, detoxification, has been found to reduce AGE levels
in cardiomyocytes during cardiac aging of transgenic mice
overexpressing the cardiac isoform of the enzyme (93). In
parallel, in human endothelial cells, catalase was effective
in blocking UPR activation induced by tunicamycin and
HIV-1 Tat (ER stressors) (94).

The precursor of the anti-oxidant glutathione, N-acetyl
cysteine inhibits ER stress-mediated apoptosis through in-
hibition of CHOP activation in tubular cells of patients
with end-stage renal failure, therefore stabilizing ER ho-
meostasis (90). In addition, N-acetyl cysteine inhibits li-
poxidation- and oxidized LDL-induced ER stress in hu-
man endothelial cells implicated in atherogenesis (95).

Troxerutin, a natural flavonoid, is able to decrease
AGE levels and concomitantly reduce oxidative and ER
stress in cholesterol-induced cognitive impairment in mice
(63). It reduced PERK and elF2« as well as NF-kB acti-
vation due to ER stress in the hippocampus and enhanced
insulin signaling, thus preventing obesity and restoring
blood glucose levels. The antioxidant and antiinflamma-
tory effects of troxerutin make it a possible candidate for
prevention of cognitive deficits in T2D and Alzheimer’s
disease.

Curcumin, a natural polyphenol with antioxidant ca-
pacity, acts through scavenging of superoxide anions and

N L

«—Extracellular Stress
> Inflammatory Cytokines

7 \ = AGEs

-

J Clin Endocrinol Metab, July 2012, 97(7):2231-2242

hydroxyl radicals, being effective in reducing AGE levels
and collagen cross-linking as well as decreasing oxidative
stress and inflammation in diabetic rats (96, 97) and hu-
mans (98). Recently, curcumin has been associated with
induction of the ER stress chaperone, GRP94, in myogenic
cell damage where it restores calcium levels and protects
from apoptosis (99). Lead-induced ER stress in endothe-
lial cells of bovine aortas is inhibited by pretreatment with
curcumin that specifically increases GRP78 and GRP94
expression (100).

Other antioxidant agents such as carnosine (101, 102),
quercetin (103, 104), and a-lipoic acid (105, 106) have
been found effective in reducing advanced glycation in
vivo as well as inhibiting ER stress response in indepen-
dent studies. However, their concomitant action in these
processes and estimation of physiological relevant doses to
achieve antioxidant capacity seek further evaluation.

ROS Scavengers

Newly synthesized ROS scavenging compounds, such as
TM2002 and tempol, were the first to be tested in experi-
mental models. TM2002, being a derivative of edaravone, is
a nontoxic scavenger of low molecular weight that inhibits
AGE production by reducing oxidative stress. TM2002 has
been tested in rat models of cerebral ischemia with neuro-
protective properties that were attributed to its ability to re-
duce advanced glycation, oxidative
stress, and ER stress (107). Although the
clinical use of this agent is prohibited due
to severe side effects, several new deriva-
tives have been synthesized and are under
testing (108).

Another scavenger of free radicals,

Extracellular space

High Glucose

AGE
formation

namely tempol, mimics the effects of
SOD and presents antioxidant proper-
ties in vitro and in vivo (56). Tempol is
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FIG. 3. Parallel and linear induction of AGE and ER stress in the pathology of metabolic
diseases. Extracellular stress, AGE-RAGE signaling, intracellular hyperglycemia, or
mitochondrial respiration by-products induce ROS generation that directly or indirectly affect
ER homeostasis and protein folding. Alteration in redox status or overproduction of ROS is the
primary and central event in the pathogenesis of diabetic/metabolic complications.
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Several chemical chaperones that alle-
viate ER stress with protective role to-
ward ER stress in liver have been found
useful in protecting animals from obe-
sity-induced ER stress (109). Adminis-
tration of the chaperones in obese mice
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established normoglycemia and thus reduced advanced
glycation, increased insulin sensitivity, and reduced fatty
liver disease. The treatment suppressed inflammatory sig-
naling along with ER stress and accelerated signal trans-
duction through insulin receptor in liver and adipose tissue

(109).

Conclusions

Current evidence indicates the mutual induction of AGE
and ER stress in the pathology of various metabolic dis-
eases. Key mediators of this crosstalk seem to be oxidative
stress generated in mitochondria or ER, inflammation,
and hyperglycemia (Fig. 3). Maintenance or enhancement
of ER proper function through concerted up-regulation of
protein-folding chaperones, metabolic hormones with
protective effects, and direct targeting of the implicated
transcription factors in metabolic active tissues may prove
powerful in treating chronic metabolic diseases.
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