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“To myself | seem to have been only like a boy playing on the sea-

shore whilst the great ocean of truth lay all undiscovered before me.”

Sir Isaac Newton 1643-1727
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HHEPIAHYH

O 106 g avBpomivng avocoaverndpkelog (HIV) givar o aitiodoyikdg mapdyoviog
ywo v emiktnm avocoroywkn avemdpke (AIDS). To kOpo yopakTnpotikd g
poéAvveng  pe  tov 10 elvar M eAdTTOON TOV U HOAVGHEVOV
evepyomompévav/avopvnotikov CD4/CD45RO T kuttdpov Katd TNV OGUUTTOUOTIKN
@aon mov odnyel otV OLGAEITOVPYIDL TOL AVOGOTOMTIKOL cvothuatoc. O akpiPng
unyoviopdg g eddrtoong tov CD4 T kuttdpov dev elvarl axdpo Katovontodg maporo
TOV OPKETOT UKol TapayovTes £xovv mpotabel va endyovv Tov BAvato TV KLTTAPOV.

[Mpokeywévov va diepeuvnbet n maboyéveon tov HIV ko va epevvnbel o
UNYOVICUOG PE TOV OToioV TPOKOAEL TOV KLTTOPIKO BAvaTO ETOYOUEVO OO EVEPYOTOINGT
TV evepyomompévov/avopvnotikov CD4/CD45RO T kuttdpov avortvéope évo in
Vitro GOGTNUO YPNOYOTOIOVTOS avOpOTIVO TPMTOYEVH] KVOTTAPO OO VYIElS OOTEC.
Epdcov 1 xopla Aertovpyio avtdv TOV KLTTAPp®V €ivol 1 aAANAETIdpacn Tovg e
OVTLYOVOTIOPOVGLOOTIKG KOTTOp peretnoape v waboyévela tov HIV and pa kabapd
avocoAoyikn okomid. Ilpoyevéotepeg PeEAETES TG epeLVNTIKNG MO opddag £0elEav OTL
Katd v OdpKel TG aviryovomapovsioong n tpitn petofant) (V3) mepoyn g
yhvkompoteivng gpl20 o6tov Ppioketol otV EMUPAVEIL TOV OVTIYOVOTOPOVGLOCTIKOV
KUTTOP®V, OAANAETOPE TOLVAGYIOTOV pe TOV vROdoyéo ynpelokwvov CCRS oty
emoeaveln tov T wouttdpov, Kor mpokoiel wvttopwkd 0Odavoto emayduevo amd
gvepyomoinon ota amaviovia T xottopo. Q¢ aviydvo, yio Tnv €vepyomoinomn Twv
KOTTapOV, £ixe ypnotponomoei To ToE0EBEC Tov TETAVOL pe e ovyvotnto 1 ota 10° -
10° T dtrapo.

Kevtpikdg 6t0)0¢ TG mopovcas SO0KTOPIKNG O0TpINg NTOV VO EVTOTIGTOVV Ta,
EVOOKLTTOPIKA povomdtio mov pmopel va dwadpapatiCouv onpoviikd poéko oto V3
eowopevo. To mpdTO HEPOG TNG HEAETNG NTOV VO OVTIKOTOOTOOEL TO TETAVOELIKO
oLOTNHA, AOY®D TNG HKPNG ovyvoOTTaG TOV amaviovviov T kuttdpov, amd 10 vrep-
avtiyévo SEA 10 omoio evepyomoiel mepimov 10 25% tov CD4 T kvttdpov. Mehéteg
TOALOTAOGLOGOD KOl HETPNCES TNG OMOMTOONG T®V KLTTapwv &det&av 6tL t0 V3

eowopevo dwnpeitar oto ovotnua v SEA. @awvotumikdg TPOoodopiopds  pe



KutTapopeTpion pong €9eiEe 0Tt 0 KOPLog vromAnbvopdc tov T kuttdpov elvar ta
CD4/CD45RO T xbttapa mov ekppalovv tov vrodoxéo CCRS kot aviiotoyodv ctov
VOTANOVGUO TV T KVTTAPOV TOV EAATTMOVETOL KOTA TV AGVUTTOUATIKY eaon tng HIV
poivvong. Iepdpato PeATioTOnONoNG TOV PAVOUEVOL GUUTEPIEAAPOV THV OTOUOVOOT|
tov CD8 T xuttdpov and too PBMC, kot v 1000 TOV KUTTAP®OV HE WTEPAELKIVI-2
(IL-2) xon wreprevkivn-4 (IL-4). E&outiog Tov TpoOTOL dpAonS TOL vIep-avTiydvou 1
EMMUGCT] TOV KLTTAPOV ElYE G amoTEAEGHA TNV gvepyomoinon Kot twv CD8 kot tov CD4
T wvttdpov. Amopdvoon tov CDS kuttdpov and to PBMC Beitictonoince 1o V3
QOIVOLEVO €VIGYDOVTOG TPONYOVUEVES TAPOTINPNOCELS OTL TO QUIVOUEVO TapoTNpEiToL
pévo ota CD4 T kottapa. Endoaon tov kuttapov pe IL-2, aAlda oyt pe IL-4, evioyvoe
TOV TOALUTAOGLOG O KOL TNV OTOTTOOT TOV KUTTAP®V.

[Mepoutépm mEWPAUATA Y10. TOV EVIOMIGHO TOV EVOOKLTTOUPIKOV LOVOTOTLOV TOV
V3 opawopévov €deiéav avénon tov vmodoyxéa g vtepAevkivng-2, CD25, kot tov
vrodoyéa Fas (CD95). Kot ot dvo vmodoyeig Bempoldvior o péptupes evepyomoinong
tov T KuTtdpov, 6Tav aVTd EvEPYOTonBovV amd TV avayvmdplon KATOI0L OVILyOVoL, Kol
Swdpopatilovy onUOVTIKO POAO OTOV TOAAATANGCLOGUO KOl TNV OTOTTOON TOV
Kuttapwv. Métpnon tov emmédmv mRNA tov petaypoaeuod mapdyovta YY1, o omoiog
exTOg TV GAA@V pLBuilel apvntikd v £kepaoct tov vrodoyéwv Fas kot CCRS, £deile
peioon tov emmédwv tov. Emiong kwvntik) avaivon tov emmédmV £vOOKVLTTOPIKOV
acPeotiov £de1Ee avénuéva enimeda 0oPESTION GE XPOVIKEG TEPLOSOVS TOVL TOPATNPEITAL
avénon tov vrmodoyéa Fas wor g péyomg amomtwons. H 1ocoppomion petad
TOALOTAOGLOG OV Kol OmOTTMOONG €ivan TOoAD €H0pavotn Kot TapoAo Tov avénon TV
emmédwv  oofeotiov  elvar  oamapaitnTn Yoo TNV EVEPYOMOINGOM TO®V  KLTTAP®V,
TOPOUTETAUEVT] AVENCT] 00N YEL OTNV ATOTTMOOT TOV KLTTAPWV.

Mo va gpgvviioovpe T TPOTOPYIKE GNUATOSOTIKG LOVOTATIOL TOV TPOKOAOLV TO
V3 oeoawvopevo mpoypatomombnkay pikpoovotolyies ocvpminpopatikod DNA. H
avdAvon Tov omotelecudtov ovédelEe 378 yovidwa pe avénuéva kot 61 pe petwpéva
eninedo RNA (p<0.05). H mhetoynoia tov yovidiov oxetiletor pe gvepyomoinon tmv
KUTTAP®V KOl o0ENOT TOV EMTESMV  EVOOKLTTOPIKOD acPeotiov. Amd avtd o
petaypapikoc mapdyovtag nuclear factor of activated T-cells 5 (NFATS), o omoiog extdg

TOV GAL®V gumAéKeToL 0TV gvepyomoinon Tov T kuttdpmv Katd tv diéyepon Tovg amd



avtyovikd epeBiopoto, mapovciase ONUOVTIKO £VOLLQEPOV KOl TO. OTOTEAEGUATO TOV
HLKPOGLGTOY(IMV ETOANOELTNKAV HE OAVGOOTH OVTIOPAGT TOAVUEPACNG TPOYLOTIKOD
xpoévov. Emiong oawotvmik avdivon emaAnfevoe  ta  omoteAéoUATO  TOV
HKpocvoToy OV Kot Yo Tov vrodoyéa CD38. O vmodoyéog CD38 oyetiletar pe v
avENOT TOV EMTEd®V EVOOKLTTOPIKOD aGPecTiov Kot To amoteléopata £de&av avénon
™¢ ékepaong Tov vrodoyéa oto. CD4/CD45RO T kuttopa o€ ¥povikés mePLOS0VG TOV
TapoaTPETOL AOENON TOV EMTEI®V EVOOKVTTOPIKOD 0GPECTION KAl LEYIOTY AMOTTOO.

H xatavonon tov pnyoviopod maboyévewng tov o0 HIV ocvuPdier otov
OMOTEAEGLOTIKOTEPO GYESACUO OVTIPETPOIKkNG Bepameing. Xe avtd TO PNKOG KOUOTOG
ouvOeTIKd TEMTIOW e 9 apVNTIKA POPTICUEVA TENXTIOW AVESTEIAOY TOV TOAAATAAGIOGUO
TOV KVTTAP®V TOL TPOKANONKE 0md T0 V3 pavOUEVO Kol EVOEYOUEVMG VO, OTOTEAEGOVV

HEALOVTIKO gpyaleio Yo TV amoteleopaTikn KataroAéunon e HIV poivvong.



SUMMARY

The human immunodeficiency virus (HIV) is responsible for the development of
the acquired immunodeficiency syndrome (AIDS). The hallmark of the HIV infection is
the depletion of memory/effector CD4/CD45RO T cells during the asymptomatic phase
that leads to the deregulation of the immune system. The exact mechanism of CD4 T
lymphocyte depletion is not well understood. Although several hypotheses have been
proposed to explain this aspect of HIV pathogenesis, the prevailing theory is that chronic
activation of the immune system by the HIV infection causes exhaustion of CD4 T cells
that die by activation induced cell death (AICD).

In order to investigate the mechanism by which HIV generates AICD to
memory/effector CD4/CD45RO T cells we developed an in vitro system using human
primary cells isolated from healthy donors. Since the major role of memory/effector
CD4/CD45RO T cells is to recognize antigens on antigen presenting cells (APC) and
regulate the appropriate immune response, we studied the pathogenic mechanism from an
immunological point of view. We investigated the effects of the third hypervariable
region (V3) of the envelope glycoprotein gp120 of HIV-1 during the antigen presentation
process. Using composite liposome particles with exposed V3 synthetic lipopeptides, we
demonstrated that during antigen presentation, when the V3 epitope was present on the
surface of APC, interacted at least with the chemokine receptor CCRS5, causing enhanced
proliferation followed by sharp apoptosis of the responding T lymphocytes.

The main objective of the present study was to identify the intracellular signals
generated by the V3 phenomenon. The responding tetanus-specific memory
CD4/CD45RO T cells have an anticipated frequency in the order of 1 in 10°-10° T cells.
This low frequency was considered unsuitable for the required intracellular signaling
studies and the V3 phenomenon had to be adapted using a more general antigen induced
activation system. For this reason the first part of this study dealt with the replacement of
the tetanus specific model by a superantigen (SEA) that activates up to 25% of CD4 T
cells to provide evidence that the V3 phenomenon occurred in the new system.
Proliferation and apoptosis studies indicated that in the presence of SEA, V3 generated
AICD. Phenotypic analysis of the cells confirmed that the main population affected was



the CD4/CD45RO T cells that express the chemokine receptor CCRS and are reported to
be the target cell population of HIV during the asymptomatic phase. Removal of CD8
cells, as SEA activates both CD4 and CDS cells, improved the observed V3 phenomenon
in terms of both clarity and repeatability indicating that this phenomenon is restricted to
CD4 cells. Addition of IL-2, but not IL-4, further improved the proliferation and the
apoptosis of the responding cells. PBMCs incubated with IL-2 in the absence of SEA
were also affected by the presence of V3 indicating a possible involvement of IL-2 in the
V3 phenomenon.

Further experiments were conducted in order to identify other cell surface
receptors for signal transduction. Our results showed an increase in the percentage of
cells expressing the IL-2 receptor, CD25, and the Fas receptor (CD95). Both receptors are
considered to be activation markers of antigen responding T cells and are involved in the
proliferation (CD25) and apoptosis (CD95) of T cells. In the same context, measurements
of intracellular calcium indicated that the presence of V3 increased the calcium levels at
time points where maximum apoptosis and Fas expression were observed. Proliferation
and apoptosis are dynamics states and although increase of intracellular calcium is
required for cell proliferation, sustained increase may also lead to AICD.

We finally investigated mRNA expression level changes in CD4 T cells after
exposing them to the above described SEA-V3 liposome system in relation to SEA-plain
liposome control. cDNA products were assessed by microarray analysis (Affymetrix
Human Genome U133 Plus 2.0 Array) with a panel of 47.500 transcripts of which 38.500
were genes of the human genome. Changes >2 (p<0.05) were considered as significant.
Our results showed that 378 genes were up-regulated and 61 genes down-regulated. The
major clusters of these genes are involved in the activation of T cells and the increase in
intracellular calcium levels. Nuclear factor of activated T-cells 5 (NFATS), which is a
transcription factor involved in the activation of T lymphocytes during antigen
presentation, showed an 18-fold increase in mRNA levels is considered to have a crucial
role in the activation of T cell induced by the V3 phenomenon. The microarray results
were further evaluated by real time PCR that verified the increase in the mRNA levels of
NFATS. Up-regulation of CD38 gene, which is involved in increasing the intracellular

calcium levels, was verified by phenotypic analysis on CD4/CD45RO T cells that showed



increased levels of CD38 expression at time points where increased levels of intracellular
calcium and maximum apoptosis were observed.

The above results indicated a possible mechanism for the V3 phenomenon.
During antigen presentation, V3 peptides positioned on the surface of APC, interact with
at least the chemokine receptor CCRS5 on the surface of CD4 T cells and generate AICD.
Because of the position of the V3 peptides on the surface of APC and the ionic
interaction between the V3 peptides and the CCRS chemokine receptor, it is believed that
this interaction strengthens the contact between APC and T cells, and prolongs the
duration of antigen presentation. This generates enhanced activation signaling on T cells
with subsequent increase in intracellular calcium that leads to the activation of NFATS
transcription factor. NFATS activates T cells leading to enhanced proliferation and
expression of activation markers such as CD25, CD38, CD95 and increased levels of
intracellular calcium. The abnormal enhanced activation produced by prolonged signaling
during the antigen presentation leads to the cell death of CD4 T cells by AICD.

Understanding the pathogenesis of HIV is crucial for the rational design of more
effective antiretroviral therapy. In this sense, the use of synthetic peptides with positively
charged amino acids that inhibited cell proliferation caused by the V3 phenomenon may
prove to be a useful tool for the battle against HIV. Additionally identification of the key
factors in the signal transduction system of the cells that are modulated by HIV may

assist in recognizing new therapeutic targets.
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1.1 I'eviké ywo Tqv poivvon tov HIV

To oVvdpopo g emikTg avocoroyikng oavemdpkelog (AIDS) avayvopiotnke
vy tpdt @opd 10 1981 otig HITA, xor ta mpodto tocopdtie tov HIV (human
immunodeficiency virus) omopovodnkav 2 ypdvia apydtepa, £ykovialoviog po véa
emoyN otV pdym evavrtia otovg Tafoydvous 10vg (Barre-Sinoussi, Chermann et al. 1983)
(Gallo, Sarin et al. 1983). Zoppwva pe to [pdypappe Hvopévov EOvav yio to AIDS,
onuepa avapépovtal tepimov 39.5 exatoppvpla AvOpmmotl poAvspévot pe tov 1o tov HIV
kot 1 wieloynoio avtav (63%) evioniletal oTic VO-Zodpleg TEPLOYES TG APPIKNG
(Ew. 1.1). Ztov EALodikd yopo, ocvppova pe 10 Kévipo EAéyyov wor ITpodAnymc
Noonudtov, o ocvvolkodg opiOpog HIV opobetikdv atopov péyxpt 1o téAn 10U
OxtoBpiov tov 2006 avépyetar oe 8080, ek Tov omoimv mepinov 80% etvar dvdpeg. Ze
TaykOco eminedo vmoioyileton 6Tt péco oto 2006 poivvOnkov 4.3 ekatoppvplo
avBpwmot evd méBavayv mepimov 2.9 ekatoupvplo acbevels, ek Tov omoiwv 380 yAtbdeg
nmawdia, kobotdvrag 1o AIDS v tétapt artia Oavatov Taykoopuimg.

O 16¢ HIV avnkel oty owoyévewn towv Retroviridae 1o yévog t®v Lentivirus, Kot
amoteleital amd 2 kopa €idn, tov HIV-1 ko tov HIV-2, 10 omoia mapovsialovv 40%
opoloyio 0TO YEVOUO TOLG OAAL OLPEPOVY TOGO OTIG HOPPOAOYIKEG OCO KOl OTIG
Aerrovpycég tovg wotteg. O HIV-1 elvan 10 emkpatéstepo amd to 00O €i0N OTIg
HOADVGES TOL  TOPATPOVVIOL OTOV OVTIKO KOO0, KOl VTAPYEL €VOG OCLVEXMG
avEAVOEVOS KATAALOYOS VTTOTUTT®V (VTdTLTTOL A gmg F kot n opdda O). H poivvon pe tov
HIV mpokaiel cofapég duoiertovpyie 6T0 AvOGOTOMTIKO GUGTNO TOV 0ONYOVV GTNV
exonAwon tov AIDS, pe tov opyoaviopd va yivetal EmpPeEN|G 08 EVKOPLUKES AOUDEELG
KOl GE OVATTLEN VEOTANCUAT®V, EVA TopdAAnAa gpeavifovror petad Tov GAA®V Kot

OPVNTIKESG EMMTMOGELS GTO VEVPIKO, GTO OULOTOUTIKO KO OVATVEVGTIKO GUGTILLOL.
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and Central Asia
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Ew. 1.1. I[IinOvopoxn kotavopr] TV eKTIpoOpuEVOV @opé®v tov HIV

naykoopiog (anyn : Haykoospog Opyaviepog Yyeiog, WHO)

1.1.2 Mope@oroyia Tov 100 HIV

To ocoudtio Tov 100 HIV, mapatnpoduevo 6e NAEKTPOVIKO UIKPOOKOTIO, EYEL
oxedov ewkooaedpikny ceapikny doun pe dwdpetpo 100-150nm ko amoteheite and To
Kayid1o, To voukAeokayido, 2 poplo povokhovov RNA ®g yevetikd vAKko Kot Tov 1Ko
eakeho. O @pdxelog anoteheiton amd o Auridokn SmAocToAd0 TPOEPYOUEVT OO TV

KUTTOPIKT HEUPPEVN TOV KLTTAPOL EeVIoTh Kol TEPIEXEL KVUPIOG 2 YAVKOTPMTEIVEG TOL
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00, ™mv gp4l ko v gpl20. Ot yAvkompwteiveg avTEG TPOEPYOVIOL OmMO TOV
KOTOKEPUOTIOHO UI0G HEYAANG Tpo-TtpmTEivNG, TV gpl60, kau eivor vrevbuveg yio v
€16000 TOV 100 01O KOTTOPO KOl TOV GYNUOTIGHO cLYKLTI®V. EKTog Tov dAAwv, 0 ukdg
QAKEALOG TEPLEYEL KOl TPMTEIVEG A0 TNV KLTTOPIKN HEUPPEvVN TOL KLTTAPOL EEVIOTN
oG avtiydva Tov Kupiov cvurAdkov peilovog iotoovppatotnrag (MHC) tééng I won 11,
to popra CD28 ko B7-2 (Arthur, Bess et al. 1992) (Bounou, Dumais et al. 2001) (Cantin,
Fortin et al. 1997)(Ew. 1.2A). To otpdpo Tov 100 omotereite amd 3 dOUIKES TPOTEIVEC,
v p24, v pl7 ka1 v p9, ek TV omoiwv N pl7 evdveTol Le ToV pAKEAO TOV 100, 1) p24
oynpatiCel to kayido péoa oto omoio givar khewopéva ta 2 popoe RNA kot to ukd
évlopa, ko n p9 stvan £va vovkdeokayidlo tpookoArnuévo ata popto RNA (Chinen and
Shearer 2002).

To yovidiopo Tov 100 HIV eivan mepimov 9,2 Kbp kot mepiéyel avoiktd mhaicio
dwPaocpatrog (ORFs) ta omoio kwdikomowohv yuo Tig ddpopeg mpmteives Tov 100 (Ek.
1.2B). To mpotapykd petdypapo eivor éva popto mRNA 1o omoio petaypagpetal 6Tig
npo-mpwteiveg Gag wor Pol ot omoilec petd amd TPOTEOAVTIKO KATOKEPUOTIGUO
oynpatifovv Tig dopkég (p235, pl7, p9 kat p6) kot eviLKES (avTioTPOPN HETAYPUPAOT
(RT), v wreykpaon (IN) kot 11 mpotedoss (PR)) mpoteiveg avtictorya (Wu and Marsh
2003). Extog avtwv, o HIV dwbéter 6 pvBuiotikég npmreiveg, v Tat, Rev, Nef, Vif,
Vpu kan Vpr. H Tat kot n Rev puBuifovv v ukn petaypaen kabng n Tat Aertovpyet mg
peTaypapKoc mapayovtog kot 1 Rev petapépet ta pun poticpéva RNA and tov mopiva
oto kuttapomiacpa (Strebel 2003). H Vif evioydet v poAvopatikdtnta Tov 100, EVO 1M
Vpu, puOuilel v dadikacio TG GVYKPOTNONG TOV KOVOUPYIOV 10GOUATIOV Kot 1 Vpr
™V HeETAPopd tov vovkigokayidiov otov mupnva (Hout, Mulcahy et al. 2004) (Le
Rouzic and Benichou 2005). Téioc n Nef mapovcidletor cov pio TOAVAEITOLPYIKY|
TPOTEIV OV EKTOG TOV GAADV EVVOEL TNV HOAVGUATIKOTNTO TOVL 100 KOOOG TPOKaAEL
peiowon ™¢g ékppaong tov  vmodoxéa CD4 ko TOv  peYioTOL  GUUTAOKOL

otocvppatotnrog taéng I (Fackler, Alcover et al. 2007) (Geyer, Fackler et al. 2001).
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Ew 1.2. A) H dop] evog @ppov HIV-1 woeopatiov, B) To yovidiopa Tov 100 HIV

1.1.3 Kvttapikdg Tpomopdg

O 16¢ HIV petadidetonr kupiwg katd v ce£OVOAIKY] ETOPT 0OV LOCOUATIO

UTOPOVV VO TEPACOLY TO EMONALOKO PAeVvOYOVO Kol Vo, HOAVVOVV GUYKEKPIUEVOL

KOTTOPO. OV €YOLV oAV KOPLO YOPOKTINPIOTIKO TNV EKkepacn tov vrodoyéa CD4

(naxpo@dya/povokdtrapa Kot £vo vTocLVoAo TV T-kuttdpwv) (Bomsel 1997) (Ullrich,

Schmidt et al. 1998) (Dalgleish, Beverley et al. 1984) (Klatzmann, Champagne et al.
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1984). ITapdro mov apykég peréteg vrootplay 0tt 0 vrodoyxéag CD4 eivat 0 povadikog
vrodoyéag mov ypnoyomoteitoan and tov HIV-1, petayevéotepeg pekéteg anddei&ov Ot
etvar amapoitn 1 VmapEn CLVLTOSOYEWV Yo TNV EMTVYNUEVT €160d0 TOL 100 OTO
k0ttapo Eevioty (Rucker, Samson et al. 1996; Moore, Trkola et al. 1997).
Emwpatéstepor cuvumodoyeic yioo v €i60do Tov 100 €ivar o1 VTOJOYEIS YMUEIOKIVAOV
CCRS5 xor CXCR4, evdd mapdAinio €yovv mpotabel kot dAlot o omoiot Ou®g
¥PNOLOTO10VVTOL 0td Atyootd oteléyn Tov HIV kat eivon vd diepevvnon (Berson, Long
et al. 1996) (Deng, Liu et al. 1996) (Roderiquez, Oravecz et al. 1995; Dragic, Litwin et al.
1996).

O xoBopiopdg oV TPOMIGHOV, dNAadY Tow kVTTapo Oa poivvBodv amd ta
dtpopo UK oteréEyn, kobopiletar and TNV TPOGOETIKY TPOTIUNGT TOL OEiYVOVV GTOVG
GLVVTTO00YEIC. XTEAEYN TOV 100 oL Ypnoyorolovy Tov CXCR4 vrodoyéa ovopdlovtan
T-tpomikd (X4) xor porvvouv kvpiog T wottapa. Avtifétwg oteléyn tov 100 7ov
xpnoyomolovv tov CCRS vrodoyéa ovoudlovrar M-tpomikd (RS5) kot poAvvouv kupimg
paxpo@dya. EmmAéov Exovv avapepbel otedéyn mov pmopohv va YPNCULOTOCOVY Kot
tov CCRS kar tov CXCR4 vmodoyéa, war ovopdalovton dual-tropic. O mpotapykog
0100 TOVv 100 KATA TNV HETAO00N Omd GTOHO o€ ATOHO €ivol To HOKPOPAYQ TOL
emOnAakov PAevvoydvou ko emopévmg ta RS otedéyn emkpatodv oto apyikd otadia
™¢ poAvvong (van't Wout, Kootstra et al. 1994). T'ia avtd tov Adyo petaAldiels otov
CCRS vmodoyéa avaotéAhovv v poOAvvVen tev Kuttdpov pe tov HIV yopig va
VILAPYOLV EMMTMOCEIS OTO KVTTOPO OOV TIGTEVETOL OTL GAAOL VTOJOYEIG YMUEOKIVDV
KaAvTToLy TV Proroywkn dpdon tov CCRS(Moore 1997). Av kot vrdpyovv apketég
eEapéoelg (Schuitemaker, Koot et al. 1992; de Roda Husman, van Rij et al. 1999), xatd
Kavoéva 1 HETAPAOT TOV UK®V 6TeEAEYDV oL ypnoyonoovv 1o CCRS vmodoyéa oe
ekeiva mov ypnopomoovv Tov CXCR4 cuvumodoyéa £xel cuvdebel pe ™ petdfaon amd
™ AovOAVOVoH OCLUTTOUOTIKA PACT OTIG KMVIKEG EKONAMDGCELS TOV GLVOEOVTOL WE TO

AIDS(Richman and Bozzette 1994; Bjorndal, Sonnerborg et al. 1999).
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1.1.4 Ei6000¢ TOV 100 670 KOTTUPQ

H &icodoc tov 100 ota kvttapa mepiapfaver tpio dakpird Prpoto:l) v
aAnAenidopaon tov 100 pe Tov CD4 vmodoyéa tov Kvttdpov Egviotn, 2) Vv
aAAnAenidopaon tov 100 HE TOLG GLVLTTOdOYElS, Kot 3) TNV peuPpavikny cOVINEN TOL
QOKEAOL TOL 100 HE TNV KLTTOPKN pepuPpdvn tov Eevioti. To kbplo poéplo yw v
emtoyn ékPaocn TV 000 TPpOTOV Pnudtov elvar n yAvkompwteivn gpl20 n omoia
Bpioketor oty €£OTEPIKN EMPAVIE TOL UKOV QPOKEAOV KOL TPOEPYETOL OO TOV
TPOTEOAVTIKO KATAKEPUATIGUO TNG TPO-TPp®TEIVNG gpl60 o€ 30 Ae1toVpyIKEG TPOTEIVES
v gpl120 kou v gp4l. Ot dvo mpwteiveg yYAvkonAidvoviatr 6to cvpmieypo Golgi Ko
OTNV OULVEXELD UETAPEPOVTIOL GTNV KLTTOPIKN HePPpdvn O6mov Bo amotelécovv otnv
OULVEXELDL OOUIKO GLOTOTIKO TOL PAKEALOVL TOV 100 KaTd TV £€£000 TOL amd TO KOTTAPO
(Leonard, Spellman et al. 1990). O uK0G PAKELOG TEPIEYEL TPLUEPT] TTOV ATOTEAOVVTOL OO
etepodipepn g gpl20-gp4l, 6mov 1 gp41 eivan 10 dopepPpavicd Koppdrt ko n gpl20
10 eEmpepuPpovikd ukd edxero (Yang, Farzan et al. 2000) (Ew. 1.2).

H gp120 amoteleiton and 5 petapintég (V1-VS) ko 5 cuvinpnpéveg meployég
(C1-C5) (Farzan, Choe et al. 1998). H npdcdeon g yAvkompwteivng gpl20 otov CD4
VIOOOYEN  EMTLYXAVETOL HEC®  OAANAETIOPACTG  OCULYKEKPIUEVAOV — GUVTNPNUEVOV
apvoééov g mpoteivng (Ew. 1.3) pe v de0tepn CLUTANPOUOTIKA-KAOOPIGTIKT
neployn (second complementary-determining region, CDR2) tov CD4(Olshevsky,
Helseth et al. 1990; Kwong, Wyatt et al. 1998). And povn g avti n ahAAnieniopacn dev
elvatl apKeT Yoo vo TPOKOAEGEL TNV €{GOO0 TOV 10V OTA KVTTOPO, OAAAL EIVOL GNUOVTIKN
YL TNV OVOYVAOPLGT] TOL KLTTAPOL GTOYOL KOt Y10 VO LENGEL TNV GLYYEVELD GE AALDL UKEL
GLGTOTIKA YloL TNV TPOGOEST| e TOVG cuvuTtodoyeic. H mpocsdeon g gpl20 pe tov CD4
vodoyEa mPoKaAel aAloyn oty ywpodidtoEn g doung g gpl20 étor wote 1
petapintéc mepoyés V1/V2 petaxkivodvior TpokoAmvtag TV TpoekPoin g Tpitng
petafintmg V3(Sullivan, Sun et al. 1998). H tpitn petafint) meproyn V3 g gpl20
etvar vevBovn Y TV TPOGAEGN TOL 100 UE TOLG GLVVLTOSOYEIG KOl TAPOLO TTOV O
aKPPNG UNYAVIoHOG TNG AAANAETIOpOCNC OV eival TANPWS Katavontdg, Exel Bpedel 6TL N
aAnAienidopaon ¢ V3 mepoyng pe tov vmodoyéa ynpetokiveov CCRS eival ovtiknig

@VOoewc(Baritaki, Zafiropoulos et al. 2002). TTio ocvykekpéva, Betikd @opTiGUEVA
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apwvo&éa g tpitng petafintng mepoyng e gpl20 gaiveror vo aAANAETIOPOVY UE TO

APVNTIKA GOLAPOLVP®UEVE apvocéa 6to apvoteAkd dkpo tov CCRS.
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Ewk. 1. 3. Aopn} ™ YAvkompoTeivng gpl120 tov 100 HIV-1.

To tehevtaio otdo0 Yoo TNV €i0000 TOL 10V OTO KVTTAPA vl 1| GVVINEN TOV
pepPBpavav Tov oakEAoL Kot TG Kuttapikng pepppdvng. H gp4l givon veedtBovn yo v
ocLVINEN TOV HeUPpavdv Kot amoteAeital and Tpelg KOPLEG TEPLOYEG: TNV EVOOKVLTTOPIKTY),
™V dwpepPpavikn Kot v eEwkuttapla. H evdokvttopikn mepoyn eivar onpovtikn yuo
™V oOvInNén Kot amotereiton amd pio vopoPofikn TEMTOKN aAAniovyion cVVINENG OTO
apvoTeEMKO Gkpo, dVo VOPoPofikd emavarapupavopeva entanentiow ( HR1 kot HR2)

070 KapPo&uAkd AKpo NG TPOTEIVNG, Kol pio TePLoyn apdpwaong 0mov dnUovpyovVIaL
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dtoovApIKol decpol avapesa oTo dVO VOPOPOPIKE ETAVOAAUPAVOUEVO EMTATERTIOW
Katd v dpkela g cvvtnéng (Bernstein, Tucker et al. 1995) (Chambers, Pringle et al.
1990). Otav n gpl120 mpocdévetar otov CD4 vmodoyéa cvpPaivovv Tepattépm aAlayEg
oV Y®Podataén g TPOTEIVING TOoV 0dMYel 6TV amocsvvdeon g gp4l amd v gpl20.
H gp4l Eedmhdveton kot 1 vIPoPOPIKN TENTIOKN aAAnAovyio cVvINENG TpoekPdAleTon
TPog TV pepuPpdvn tov kuttdpov. H gicodog tov mentidiov oty Kuttapiky pepppavn
mpokaAel emavadimiwon g gp4l oe doun eovpkétog ( hairpin-like structure) €161 wote
T dV0 VOPOPOPIKA eMavOAAUPAVOLEVO, EXTATENTIOW VO, TOTOOETOHVTAL OVTUTOPAAANAL
oynuatifovrog po decpida 6 ehikwv ( 6-helix bundle formation) (Lu, Blacklow et al.
1995) (Weissenhorn, Dessen et al. 1997)(Ewc. 1.4). Avtf 1 doun povpkETos moTeveToL
ot gtvot vrevBuvn Yo TV oHvnén TV pepPpavav kot v eicodo tov HIV 610 kdTTapo

Eevion.

Cytoplasm

1. CD4 Binding 2.Co-receptor Binding  3a.Fusion Peptide Insertion  3b.Six-Helix Bundle Formation
and Membrane Fusion

Ewk. 1. 4. Zynpoat) weprypar] T €16600v Tov 100 HIV-1 610 kvTTOpO

1.1.5 BroAoyikdg KOKAOG TOV 100

H oovmén mg peuPpdvng tov @okEAOL pHE TNV KLTTOPIKN HEUPPAvN Kot

KOTEMEKTOON 1 €10080G TOV 100 GTO KVTTOPO €ival TO apYKO 6TAS0 TOL ProAoYKov
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kokAov tov HIV. Apéowg petd mv €icodo tov 100 10 ukd Koyidlo erevbepdvel to
vevoukd RNA kot 6dec Tig mpwteiveg péoa oto kuttapdmiacua (Freed and Mouland
2006). H avtiotpoen petaypapn tov RNA oto cvuninpopatiké oo DNA (cDNA)
TPOYLOTOTOLEITAL YPNCLOTOIOVTAG Mo KVTTaPIKn Avcivn tRNA cav exkkivnt) vrd v
emidpaon ¢ ukng RNA-eCaptopevng DNA  molvpepdong  (avtiotpoon
petaypagdon)(Cen, Khorchid et al. 2001). Koatd tv Sidpkeo e oaviioTpoeng
HETaypOaPnG M ToALUEPASN Tov 100 tomobetel 1 AavOaouévo vovkieotido avda 1500 pe
4000 Baoeic, yeyovog mov e€nyel tov peydio apOud petodrdcemv (Tantillo, Ding et al.
1994). v ovvéyela to cvumAnpopatikd DNA petapépeton pe v Ponbeia 600 ukmv
TPpOTEIVOV, TNV Vpr ko v Vif, 6tov mupiva Tov KuTTtdpov, OTOL EVOMUATMOVETUL LE
mv Ponbela g ukng wieykpdong (IN) oto DNA tov Eeviom)(Farnet and Bushman
1996). Xe avtv Vv @don o 10¢ ovopdleTor TPoidc Kot pumopel vo dtatnpnbei oe vtV
TNV KOTAGTAON Y10 OPKETO YPOVIKO OLAGTN L.

Metd and v eveopdtmon tov ukod cDNA 6to DNA tov kuttdpov amoatteitor n
TOPOLGIOL KVTTOPIKAOV UETAYPOPIK®OV TOPpaAyOVTOV Yoo TNV &vapén NG HETOYPAPNG
opwopévev yovidiov pe v Ponbewa ¢ kvttopiky RNA molvpepdong II. Térotot
petaypapikoi moapdyovteg eivor o NF-kB, o NFAT kot o AP-1. 'Etor &nyeiton
avénuUévn Topay®yn ICOUATOV TOV TopaTnpeital og evepyomompéva T Kupiwg KoTTOpO
OOV 01 GLYKEKPIUEVOL LETAYPOPIKOL TAPAYOVTES EIVOL AELTTOVPYIKA gvePYOl. XNV apyn M
petaypaen tov ukov DNA eivar peuopévn ko meplopiletor oty dnuovpyio Kpov
patiopévov mRNA mov kowdikomolovv Tig pudotikée mpoteiveg tov 100 (Tat, Rev and
Nef). 'Exppaon ¢ Tat tpmteivng kat 1 erakoAovdn tpdcsdeon g 610 5° dKpo Tov KOV
DNA éxet ®¢ amotélecpo TV EMOTPATELOT TNG KLTTOPIKNG KLukAivng T1 m omoia
npokaiel avénon g petaypoaeng katd 1000 eopég (Parada and Roeder 1996; Wei,
Garber et al. 1998).

Ymv ovvéyela ta ukd potiopéva petaypago mRNA petagpépovior and v Rev,
pe v Ponbewr ¢ wuvtropwikng mpwteivinig CRM-1, oto kvttapdmiacpo  Omov
npoypatomoteiton  petdappaon tovg (Fornerod, Ohno et al. 1997; Neville, Stutz et al.
1997). Mg eEaipeon to mRNA tov env yovidiov mov m petdepacn yivetalr ©To
EVOOTAAGUATIKO OTKTVO, TOL VTOAOUTA LETAYPAPO. peTappalovtol oto ptlocodpato. Metd

TOV TPOTEOATIKO Kotokeppatiopd g gplo0 otig gpl20 kot gp4l, axorovbel m
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HETAPOPE TOVG GTNV TAAGUOATIKY HEUPPAVN OTOL Kol GUUTAEKOVTOL UE TIC TPOOPOLES
npoteiveg Gag ko Pol, tig Vif, Vpr, Nef kot pe 1o RNA. IIpoteoivtikn Katepyasio Tov
Gag kot Pol onuatodotet v exPfrdaotnon (Viral Budding) tov opuov 106opdtov kot

™V amopdkpovven tov 10V and to kutTapo (Tritel and Resh 2001) (Ew. 1.5.).

Replication

mingle-stranded RNA aach containing revemss
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Ewk. 1.5. BloAoyikog kokrog Tov 100 HIV
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1.1.6 IaBoyévera Tov 100

To xbpo yapoaknpiotikd g polvvong pe tov HIV-1 eglvar n ehdttmon tov
apBpod tov CD4 T AeppokvTTapmV TOL 00MYEL GE SVCAEITOVPYIN TOL OVOGOTOUTIKOV
GLOTILLOTOG KOl TNV eUPavion g vocov tov AIDS. And v otiyun g polvveong puéypt
™mv ekdiwon tov AIDS n Aofpwén pe tov HIV mapovciblel Tpelg xopaktnpioTikés
oaoelg (Douek, Picker et al. 2003) (Ew. 1.6). H mpot @don, yvoot| g oéela @don
(acute phase), opiletor amd TV oTIyuUn ™G HOAVVONG HEXPL TNV ERPAVIOT] OVTICOUATOV
Kot TOL 100 Kot dopkel pepkég efdopnadec. Ta mpoTapykd KAMVIKO COUTTOUATO Eivol
Opole e aVTA TNG AOUMS0VEG LOVOTLUPIVOCTG KoL YU LTO TIG TEPICCOTEPEG POPEG OEV
yivetonr  emtoyng  ddyvemon. Katd v odbpkewon g ofelog @dong, o 16¢
TOAATAOGLALETOL SLOPKDG OMOVGI0 OTOGONTOTE EOIKNG OVTI-UKNG OVOGOTOUTIKNG
amavInong Kot dvvatal va mopayfovv mive ard 100 exatoppdpla aviiypapo ukov RNA
avéd ml. IMapdrAinia, mapatnpeitoan gldttowon otov apud tov CD4 T kvttdpov, pe
TapdAAnin avénon tov apBpod twv CD8 T kuttdpmv mov akoiovBoldv v avénon tov
ukov @optiov(Cooper, Tindall et al. 1988; Kaufmann, Cunningham et al. 1998). H
dvorertovpyio twv HIV ewdwkav CD4 T xvttdpov mopatnpeitor moAd vopig oty
dubpreta g o&elog Pdong Kot ovTd MGTEVETOL OTL OQEIAETOL GTNV TPOTIUNGT TOL 10V Vi
poAvvel Tpwtapyikd to. cvykekpiuéva kouttapa (Altfeld, Rosenberg et al. 2001) (Douek,
Brenchley et al. 2002). Zmv ocvvéyeia o apBpdc twv CD4 T kvttdpwv mapovctdlet
emovakopy” 0AAG 0 apliuog dev PTavel TOTE Ta apyKd emineda v o apBpog towv CDS
T xuttdpov mapapével ELappmg avENUEVOG.

Metd v oelo pdorn moapatnpeital pio 10oppomios avaUESH oToV aplind TV
CD4 T Aepeokvttdpmv Kol TOL UKoV QOPTIOL TOL YOPAKTNPILEL TV OGLUTTOUOTIKN
edon. H aovountopotikny @daon Stopkel apketd ypovia He KOPLO YOPUKTNPIOTIKO TNV
amovGio. KAWVIKOV CUUTTOUATOV Kol HE OTUOWOKY] KOTOGTOAR TOL OVOGOTOU|TIKOV
ocvotiunatoc. O ypdvog nulong evog 1ocmpotiov givor mepimov 30 Aentd Kot 0 GLVOAKOG
apOudg MUEPNOLOG TOPAYMYNS LOCOUATOV o€ Evay 0cbevn pe xpovio. LOALVGT PTAVEL
nepimov 1o 10" wowpdria (Ramratnam, Bonhoeffer et al. 1999; Simon and Ho 2003).

[Ipog 10 téh0g TG acvumTepATIKNG edong kot eoutiag Tov pkpov apiBuod CD4 T
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KLTTAPWYV, 01 POPELS TapoLG1ALoVV OPKETE KAVIKE CUUTTOUOTO TOL TOPOUOALoVY avTd
pog tomikng iwong. Otav o apBudc tov CD4 T kuttdpwv Técel KAt amd 10 0plo TV
200 KutTtdpv ava PIKpOAITPo TOTE 0 POopEns Bempeital 6TL £xl TAEOV TEPAGEL GTO TPITO

0TAd10 TG poAvvong ov eivan 1 ekdnAwon tov AIDS.

1250 =107
Asymptomatic phase > {AIDS}
o 8
1000 10
cDat lymphocytes &
"E‘ j=
£ E
© 750 10° g
a =
= CD4* lymphocyfa [
=) 2
* 500 10* &
s o
= <
3 e
550 Plasma virus load 10° Ecjn
Primary ;
infection
1 /A I I I 1 I
6 127 2 4 6 8 10 12
Time (weeks) Time (years)

Ew. 1.6. Zynpoatiknq avorapaotact g npoodov pog tomikng HIV porvvens. To
oyeoaypoppa ociyvel Tigc arhayéc otov apifpé tov CD4 ko tov CD8 T kvttdpov
TOV TTEPLPEPIKOV 0ipaTog Kol To uko @optio. (Munier, immunology and cell biology

2007, 85:6-15)
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1.1.7 EAdttoon tov apiOpod tov CD4 T kuttapov

[Maporo mov ot kOpieg autieg exdnimong tov AIDS €yovv kobopiotel omd Tig
TPOTECG KIOAAG HEAETEG WG M eAdTton Tov apBpov tov CD4 T kuttdpov Kot 1M
dvoAettovpyios TOL  AVOCOTOMTIKOD GULOTUOTOS, €Ml TOL TOPOVTOG Oev  LEAPYEL
ovykekplévn Bewpia yioo tov axpifn pnyoviopd ovtig g moboyévelas. [Nevikd
moteveTal 0Tt 0 pelwpévos apliudg twv CD4 kuttdpmv opeileton gite GTOV KLTTOPKO
0avoto TV CULYKEKPUEVOV KLTTAP®V €ITE GE OVLGAETOVPYIDL TOL OMOIOCTOTIKOV
HUNYOVIGHOD TOL OPYOVIGHOU TTOV TOV KAHoTA avikavo Vo avamAnpdcel Ta amobavovta

KOTTOPO.

A) Kvtrapwkdg 0avatog tov CD4 T kuttdpov

H outio g ehdttoong tov CD4 T kuttdpov amoterel i6mg Tov peyaldTepO
ypipo mov KaAoHVTAL Vo, ADCOLV Ol VTAPYOVOEG EPEVVNTIKEG UEAETEC APOV VTAPYEL
HEYAAN Sl0l@®VIOL OTNV EMGTNIOVIKY KOWOTNTA Yo TOV oKPn pnyoviopd Bavdtmong
TV KuTTapV. O puéypt Tdpa Bempieg KaTatdooovy Ta aitia TG EAATTOONS TOL aplBoD
o€ O0VO  OWPOPETIKOVS  PUNYOVICHOVS MOV  EUMAEKOLV  GUECT] KOl  EUpECN
kuttaporaboyévela. Tlpotapyicés peléteg mpodTevav OTL N EAATTOOT TOV KLTTAPOV
OQEINATOV OTNV KLTTAPOTOEIKOTNTO, ONANOT OTNV AUECT EMOPAoT TNG HUOALVONG T®V
KUTTAPWV amd ToV 10 KVTTapOAvon AOGYo TG avEnpévng mapaymyns oopatiov (Lifson,
Reyes et al. 1986; Ferri, Jacotot et al. 2000). Emiong onpavtikdc apBuodg poivopévov
KUTTAP®V LILOKELTOL TNV EMLOPOGT] TOV OVOCOTOTIKOV GUGTHUOTOS KOl KOTAGTPEPOVTAL.
Me oyetikd mpdoQATEG TEYVIKEG LETPNOELS LIKOV POPTION KOt KLTTOPIKOL Bavdtov £yive
EUPAVES OTL 0 aplBUOG TV KLTTAP®Y oV Ttehaivouy e&attiog Tng TopovGiag Tov 10V gival
oAV peyoahvtepog amd tov aplfpd Tov KuTTtdpmv mov givan poAvcopéva omd tov 10. g €K
TOVTOV NTAV TPOPAVEG OTL 1 KLTTAPOTOEIKN Bewpia dev pmopovoe vo eENYNOEL ETOPKMG
TOV KLTTOPIKO OEVOTO TOL TAPATNPEITE GTNV ACVUTTOUATIKY PACT).

H e&nynon g éupeong kataotpoen twv CD4 T kuttdpov, xopig avtd va govv
nponyovpéveg poAvvlel amd tov HIV, cvykataAdéyeton o¢ po oand T peyordtepeg

TPOKANGELG onpepa. Apyika elxe mapatnpndel 4Tt 1 KOTAGTPOPY| TOV KLTTAP®V TOV OV



Ewoaywyn 15

éxouv poivvlel opeileton oe mpPoypoUUOTIGHEVO BAvato amd amdnTmor.  Aldpopot
punyovicpot £xovv mpotabel yuo va e€nynoovy v taboyéveld Tov 100 OAAG 1 EUTAOKY
UKDV TPOTEIVOV TOL TPOKAAODV TNV ATOTTMOGCT TOV KLTTAPOV Kol O EXOYOUEVOS BAvaTog
amo evepyomoinon ivarl ot kupldtepeg autieg andntmong (Picker and Watkins 2005). H
Tapovoa SOoKTOPIKN dtpifetl pedetdel Evav mBovo pnyovicpd EToymyNns omoOTTOONS

U1 HOAVGUEVOV KLTTAPMV KOl O TPOTEWVOUEVOS UNYavicros Ba cuintmbel oto kePdAaio
3.

B) Avoiertovpyia opol06TATIKOD PN AVIGHOV

Extog amd v avénuévn KotaoTpopn TV KLTTOAPOV TOV TOPATNPEiTOL GTNV
hoipwén pe HIV, évag emmAiéov onpavtikdg mopdyovtog €ivor 1 avikovotnto Tov
OPYOVIGHOD VO OVOTANPMCEL TO KVTTOPO oL yavovtal. KOplo yopaktnpiotikd g
OTOAEWG TOV KLTTAp®V €lvar 1 eAdTTon tov oplfuod tev mophevikdv KLTTapOV
TOPOLO OV TOPATNPEITAL ALENUEVT] OMOTTMOOT KOl TPOTIUNGN TOL {0V GTO V. HOAVVEL
evepyomompéva kottapa pviung CD4/CD45RO T kottapa (de Martini, Turner et al.
1988). H e&nynon avtod tov @atvopévou €ykettal 6to yeyovog Ot e&outiog g xpoviog
evepyomoinong moapbevikd kvttapa (CD4/CD45RA) evepyomotodvior Kot TpOPOd0TOvV
tov TANBuopd tov evepyomompéveov CD4/CD45RO T kuttdpmv to omoio 6Ty GLVEYXELD
nebaivouv (Murray, Kaufmann et al. 1998).

To onuavtikdtEPO OPYOVO TTAPUY®YNS TOPHEVIKOV KLTTAp®V givan 0 OO0 evd
OTOV EVIAIKEG Exovv avagepBel kot copmAnpopatikd eEobopkda kévipa tapaywyng. O
106 HIV mpoxaiel dvciertovpyio tov Bopov aArld OG0 vopic koTd TV O1dpKeELD TNG
poAlvvong emrvyydvetonr ovtd eival akopo vro ocvlftnon. Mepikéc peléteg €dei&av
euolohoyikn mapaymy] CD4 T kuttdpov Katd TV SdpKELD TOV TPLOV TPAOTOV UNVOV
™¢ poAvvong(Sempowski, Hicks et al. 2005). AAAec, peléteg €dei&av dvoiettovpyio pe
peimon tov gvdobupikov moAraniaclacpod Tov T kuttdpmv péca otov TpmTo YPOHVO TNG
poéAvveng(Dion, Poulin et al. 2004). TTapora avtd, yvopilovtoag 6tL 0 OOpoC ydvel v

TOPUYOYIKOTNTO TOL KATA TNV d1dpKela TG epnPeiag, n cvufoir g SusAettovpyiag Tov
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Oopov omv eldttwon tov aplBpov twv CD4 T xvttdpov miotevetal OtL givat
erdyotn(Wolthers, Schuitemaker et al. 1998; Hazenberg, Hamann et al. 2000).

Ta devtepoyevn AepQIKd Opyova, OTMG 01 AEUPASEVES, Eivat cuvuTevBuva Yo TV
adLVOIC TOV OPYOVIGHOD VO OVOTANPOGCEL To. KVLTTOP TTov mebaivouv efontiog g
poivvong. Katd tv  aovuntopotiky @don, mov  yopokmmpiletor and  xpoévia
EVEPYOTOINGT] TOV OVOGOTOUTIKOV GULOTNUATOS, £xel mapatnpndel 6t 1 dopnq TV
Aepopadévav dwatapdacoetar (Pantaleo, Graziosi et al. 1994). Avtd emtvyybvetor AOy®
TOV OTL L0COUATIO TaY1OEHOVTOL oTo BAaKoEN devoprtikd kvuttapa (follicular dendritic
cells, FDC) ta omoia otnv cvvéyeia poivvovv 1o CD4 T kbdtropa mov otpatoroyovviot
exel AOY® ™G xpoOvIog evepyomoinomg. ZuvERELDL oVTOD vl 1) KATOGTPOPN TNG OOUNG
TOV AEUPASEVOV TTOL 0ONYEL TEAKA GE GLVGAELTOLPYIDL TOV GVOGOTOW|TIKOD GUGTHUATOG

(Schacker, Nguyen et al. 2002).

1.1.8 Avcirertovpyio TOVL AVOGOTOMTIKOUV GUGTI|LOTOS

"Extog and v eldttmon tov apfupod tov CD4 T kuttdpov Kot v avikavotnto
TOV OPYOVIGUOL VO OVOTANPOGCEL To KOTTapo mov mebaivovv, dvoAertovpyion TOv
OVOGOTOMMTIKOD GUGTAWOTOS OQEIAETOL KOl OTNV  UEIOUEV]  AETOLPYIKOTNTO TMV
poAvopévov pe HIV T xuttdpov 6Gov a@dpa TV avoyvopion ovilyoveov Kot Tnv
avocoroykn armdvinon. H pewwpévn Aettovpywodmra tov CD4 T kuttdpov opeiletan
KUpImg TNV HEWOUEVN EKEPOCT] HOPIOV OV OETILOVTAL LE TNV OVTIYOVOTTAPOLGIOGN LE
OMOTEAEGLOL TAL KVTTOPOL VO, 0LOVVOTOVY VO OVOLYVOPIGOVV ETAPKMG TO AVTIGTOLYO OVTLYOVOL
TOVG. XapoKTNPIoTIKO Tapdderypa eivar n peiwon g Ekppaong tov CD4 vmodoyéa ota
KOTTOpO OV €ivarl poAVGUEV amd TOV 10 Kupimg Adyo ¢ dpaong g Nef mpmteivng
(Fackler, Alcover et al. 2007). TéAog, ota KOTTOPA OV deV £XO0VV HOAVVOEL Omd TOV 10,
emdpovv dapopes mpwteiveg tov 10O Omwg m Tat ko n gpl20 Kot TPOKAAOVLV
dvorertovpyion twv T KLTTApOV pHE CLVEREWL Vo YGAVOLV TNV OVOCOTOUTIKY TOVG

KOVOTNTO.
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1.1.9 Avtiperpowkn) Oepancia Tng porvveng HIV

A6 TV TPpOTN ATOPOVOST] TOL 100 PEXPL TIG NUEPES LOG TPAOTAPYIKOS GTOYOG GTO
nedio g épevvag tov HIV eivar 1 avakdAloyn QopUOKEVTIKOV GKELOCSUAT®V Tov Oo
KOTOTOAELOVV  OMOTEAECUATIKA TNV poAvvon. Ilpog avtiv tnv katevBuvon Exet
napatnpnOel avoromtikny Tpdodog Kot tepimov mhve and 20 avti-HIV @dppoka £xovv
napeL TV €ykpron Tov Apepikavikov opyaviopob eapudkov (FDA) (De Clercq 2004). H
TAsoYNeio. oVTOV TOV QOPUAK®V oyetileTon pe TV Tapeunddlon TG OodIKaciog
aVTLYPAENS TOL 100, YEYOVOG OV LTOOEIKVVEL OTL 1| LOALVGN TOL KLTTAPOL £)xel NOM
emrevytel. Méypt mpdoeato, GKOTOC AOMOV TMV GLUYKEKPUEVOV QOPUAK®OV NTAV VO
TOPEUTOOICOVY 1 VO HEDCOLY TNV TEPOUTEP® HOAVCUOATIKOTNTO TOL 10V. Ta
OVTIPETPOTKG QAPLOKO KATNYOPLOTOIOVVTOL OVAAOYO LE TOV UNYAVIGUO dPACNG TOVG O
Tpelg opadeg : 1) voukAeoodkol avaoTolelg TNV avTioTpoeng petaypapdong (nucleoside
reverse transcriptase inhibitors, NRTI), 2) pn vovkAieoodikoli avactoreic 1ng
avtiotpopng petaypagdong (non-nucleoside reverse transcriptase inhibitors, NNRTI)
(Imamichi 2004; Zapor, Cozza et al. 2004)kon 3) ovactoAielg mpwteacov (protease
inhibitors PI) (Dunn, Goodenow et al. 2002). Ta televtaio ypovio Ta QAPLOKO
XOPNYOLVTOL GE GLVOVACUO YL VO VTTAPYEL O emTLYNUEVT Oepomeio kot ovoudleton
HAART (Highly active antiretroviral therapy). Ilapoio mov 1 BvnoyodtTo 68 TAYKOGUO
eminedo €xer pewwbel onpoviikd, o peydrog oplBudc petoaAddemv tov 100 ExEl
ONUOLPYNOEL OVOEKTIKG OTEAEYN TO OTTOT0L AVTIGTEKOVTOL OTNV Oepameia.

H véa yévia eappakov KaAeitor vo KATOTOAEUNGEL TNV VYNAY TOEIKOTNTO KoL TV
avOeKTIKOTNTO TOV TOPATNPNONKE GTA TPADTO PAPHAKEVTIKA GKEVACTUATA. MEYpL onpepa
dev €xel Ppebel amotedespatikny Oepomeion Kol To VEAPYOVTO PAPLOKA ATADS OVEAVOLY
10 mpocdokipo Cong tov acbevov. H véa tdon otov oxedlacpd Qoppikov &xel
emkevTpwhel kuplog oty avantuén eapudkov mov Bo epmodilovv v €ic0d0 TOL 10V
010 kOTTapPo. Ot 0vaoTOAELG TNG €10000V TOL 10V TOTEVETAL OO TOAAOVS OTL glvan TO
EMOUEVO PO Y100 TNV KATATOAEUNON TNV AGOEVELNG APOV EKTOG TMV GAA®DY dVVOTOL VO
TOPEUTOOICOVY Kol TNV PETAd0oN TOL 100 og véoug @opeig(Stone 2002; Shattock and
Moore 2003). To Tp®dTO T€T010 PAPLOKO €ivarn TO Enfuvirtide (T-20) To omoio £xel mhpel TV

éykpion tov FDA ko ¢ Evponaikng emitponng yo v Ogpancio tov AIDS. Eivon éva
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ouvletikd memtidoo 36 opvo&émv to omoio eumodiler v €icodo Tov oL KO TO
GLYKEKPIUEV TOPEUTOSICEL TNV GOVINEN TOL EAKEAOL TOL {ov pe TV HeEUPpdvn Tov
KUTTAPOL OTOYOL, HE TO VO TPOCOEVETOL GTO  VIPOQPOPIKO  ETOVOAOUPOVOUEVO

entanentido (HR1) e gp4l (Ew. 1.7).

Y . . . .
W Six-helix bundle formation
and membrane fusion phase
HSJ.'U
Hlﬁb;b, . \ S
”’0;; —
Fusion peptide sequence insertion phase
pep d P Enfuvinidel

Inhibition of six-helix bundle
formation- No fusion

Ew. 1.7. Mnyoviepog avastorg s £16060v Tov 100 HIV-1 610 kOTTOpO amd 10
ovvleTikd mentiowo enfuvirtide.
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1.2 ANOXOAOI'TA

1.2.1 Avtiyovommapovciocn

O vopog g @vong emrtdoosl €vav cvveyn ayovo yw. TV emiPioon tov
wyvpodTEpoL opyavicpov. ‘Etot o avBpomivog opyoviopds €xet eelytel kot avomtoéet
TOVG OTAPOLTITOVS UNYOVIGLOVS TTOV TOV ENMTPENTOVY VO CLLDVETOL ETLTUYMG EVOVTIOV TOV
emPrapov opyavicumv. H avayvopion maboydveov opyaviopdv Kol 1 01K 0VOCLOKN
amdvtnon  evavtiov  Ttovg  emtuyydveror  Kupliwg pécm NG ddKacio NG
avtryovorapovsioons. H dadikacio avty mephapfaver v moapovsiocn avityoveov,
OMNAadN KPOV KVPIWS TETTIOIMV TOV TPOEPYOVTOL OO TOVG HIKPOOPYAVIGHOVG KOl TNV
avadeln tovg oto HEyoto ovumioko totocvpPatdétrag (MHC). Ymapyovv 600
dpopeTikég Taéelg popiwv, yvootés wg MHC 1aéng I xon MHC taéng 11, pe apketéc
OMOLOTNTEG OTNV YEVIKY] TOVG SOUT| OAAGL SLOPOPETIKO UNYAVIGUO TOPOVGIOONG OVTLYOVOU.
Ta MHC té&nc I mpoodévovian oe mentidn To omoio TPoEPYOVToL amd KOTAKEPLATIGUO
TPOTEIVOV Tov cuvtédnkav péoa ota kuttapa eved to MHC 1aéng II mpocdévovion oe
TEMTIOWL OO TOV KOTOKEPUATIOUO EEMKVLTTAPIOV TPMOTEIVOV OV £X0VV YKOAT®OEL omd
ta kutTapo pe evookvttwon (Madden 1995). Metagopd tov cvopmidkov poli pe to
avTiyovo GTNV EMPAVELD TOV KVTTAPOV £ival TO TPMOTO PrHol Yoo TV TOPOLGINGT TOV
avtiyévov M omoic TPOYHOTOTOEITOL KUPImG amd KOTTOPH EWOIKEVUEVO YO QLTIV TNV
Aertovpyia (antigen presenting cells, APC), 6mmg ta devdpitikd KOTTOpa, TO LAKPOPAyo
kot o B xottapa. Ta aviryova avayvopilovior amd ta T kdttapa, pécm tov T vrodoyéa
(TCR), ta omoior otV cvvéyelo puOBuilovy v €101K1 0VOCIOKY OTdvINGn EVAVTIOV TOL
GLYKEKPEVOL TTalfoydvov.

H apywn npdcdeon tov T kuttdpov pe ta APC emitvuyydvetor pe pn edkég
mpocdécels petaly vmodoyéwv mov Ppiokovior oty empdveln tov APC, 6nwog ta
ICAM-1 (CD54) ko ICAM-3 (CD50), kou vrodoy€wv oty emeavela Tov T KuTtdpav,
omwg 1 wreykpivn kot to LFA-1 (lymphocyte functional antigen-1). Me avtdv tov 1pOMO
ta T wottapo aviyvevovv OAN TNV EMQAVEID TNG KLTTOPIKNG HeUPpdvng kot otav
avayvopicovv kémoo avtryovo/MHC ocdumioko 10te mpaypatomotleiton aArlayn otnv

yopodiataén tov LIF-1 vrodoyéa n omoia £xel ™G OmOTEAEGA TNV 1GYVPOTEPT] TPOGOEST
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pe tov ICAM-1 ko v moapatetapévn arnieniopaon tov T kuttdpov pe to APC. H
npocdeon Tov TCR pe 10 péyioto cvpmrioko iotocvufatdtrag akoAovdel Tnv Tpdcdeon
tov CD4, ota CD4 T xvttapa, 1 tov CDS, ota CD8 T kottapa, pe to aviictoryyo MHC
popto. Ta CD4 T kodttapa avayvopilovv aviyova mpocsdedepévo oto MHC 1aéng I evod
ta CD8 T wuttapa oto MHC 16éng 1. Amotéleopa g mpocdeons eivan mn €vapén
LLOVOTIOTUOV TOL OTTOT0L OPLMG OEV EIVOIL PKETA Y10 VO EVEPYOTOTGOLV TANPMOS TOL KOTTOP
Kot gtvor amapaitnmn Omapén evog devtepov deyeptikoy ofuatoc (Shaw and Dustin

1997).

" chz
A PD-1 LFA-3

U B7-HY/BT-IM

L2 TCR
L 3
‘w pMHC
Cytokine & Lraa
Chemaoking T CDBNCDAEs
Receptors
LFa-1
[
1!- & -] o ICAM-1
i ‘ l .
Cytokines &
Chemokines LA
CDe0/CDa6

Ewk. 1.8. Avocoroyikny oOvayn (immune synapse) petav OvVTIYOVOTAPOVOLUCTIKOD

Kvttdpov ko T wkvtrdpov. ( apikd oynua amdé To 0moio NETUCYNUATICTNKE TO
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napamwave oxeddypoppo and Ginzalez et al. Cytokine and cytokine growth factors.
2007;18:19-31)

To ocvvdieyeptikd ofpua mpoépyeTol omd VLOdoYElS o1 omoiol Katd TV ddpKeln
™¢ aviryovomapovsioons Ppiockovion oe kovtiv amodotacn amd to TCR dnpiovpydvrog
[ ovocoroyikn cvvoyr (immune synapse, 1S). To CD28 kot to CTLA-4 (CD152) etvan
01 KuP1OTEPOL GLVILEYEPTEG OTNV eMPaveln Tov T KLTTAp®V Kot 0AANAETIOPOVV LE TOV
vrodoyéa B7-1 (CD80) xar B7-2 (CD86) oty emodavein tov APC (Viola and
Lanzavecchia 1996). To CD28 &ivai 0 kOp1og cuvdleyEptng oTa TapheviKd KOTTOPO Kot 1)
Aertovpyio tov €xel cvoyemOel pe mapoTeTAPEVN KOl ALENUEVT] TOPAYDYT KLUTOKIVOV
a6 T koOtrapo. Avilétog to CTLA-4 mapovcidler ovaotoATikn Opdomn g
EVEPYOTOINOTG TOL KVLTTAPOL UE UEWUEVT TTopaymyn kutokveov (Gonzalez, Carreno et
al. 2007). T'evikd motedeTon 6t 1 otabepn ékepaon tov CD28 ota mapbhevikd kdTTOpPL
g€uvoel TNV evepyomoinon TV KLTTAPWOV TO Omoio HETE amd TNV KOpOEMOON 1TNG
evepyomoinong avéavoov v €kepaocn tov CTLA-4 mov odnyel o€ avactoAn Tng
gvepyomoinong.

O apBuds Tov popiov Tov EUTAEKOVTIOL GE Pl OVOCOAOYIKT) CUVOWYT] GUVEX®DG
avEAvETal Kol 1 AElTovpyikn onpacio tov ke popiov eivor akdpo ved peiétn (Ew.
1.8). "Etot vmodoyeig oty empdveia tov T kuttdpov 6ntmg to CD45RO, to CD2 kot 10
CD3 ¢yovv gumhakel 6TV oNUATOSOTNON TOV KLTTAPOL £V AAAOL VTTOJOYEIS, OTMG Ol
vrodoyelc ynuewokwvaov CCRS kot CXCR4, eumiékovior omnv octabepomoinon g

GUVOEDTG LETAED TOV KLTTAPOV.
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Ew. 1.9. Evdokvttopikéd ofpoata mov gumiékovror otnv gvepyomoinoen tov T
KUTTapOV Kotd TNV owapkewe g avriryovomapovoioons. (KEGG PATHWAY
database, http://www.genome.jp/kegg/regulation.html)

H avayvopion tov cvpmidkov avtryévo/MHC oand tov TCR vrmodoyéo xai M
OTPATOAOYNOT TOV S10POPOV VTOOOYEMY GTNV AVOGOAOYIKT] GOVOYT £XEL OG OMOTELECLLOL
™V onovpyio copmieypatov (clustering) tTwv VTOd0YEMV Pe GUVETELD TNV EVOPEN TOL
onuatoc evepyomoinone (Ewx 1.9). To odumieypo TV  vIodoxE®V  TPOKOAEL

EVEPYOTOINOT KIVOCMV TLUPOGIvIG amd TNV Opacn t®v Src Kwvacav, Lek kot Fyn, v
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Zap70 xou péAn g owkoyévelag Tov Tec kivaodv (Chu, Morita et al. 1998) (Schaeffer,
Debnath et al. 1999). Avtd 10 TPOTO KOUA EOCEOPVAIMONG TPOKOAEL TEPUITEP®
EVOOKLTTOPIKE oNuaTo oL odnyohv otV avENon TOL EVEOKLTTOPIKOV acPectiov,
gvepyomoinomn g npoteivikng xkwvaong C (PKC), tov petaypapukod napdyovia NF-kB
kot g MAPK (Ras-mitogen-activated protein) mpwteivng (van Leeuwen and Samelson
1999). Avtol Ot KOTAPPAKTEG LOVOTATIOV OO1YOUV GTIV EVEPYOMOINGT UETAYPAUPIKOV
napoyoviov, 0nmg ot NFAT (nuclear factor of activated T cells), to AP1 (activator
protein 1) kor ot Rel mpwteiveg, ot omoiot eréyyovv v Ekepocn yYovidimv Tov
EUTAEKOVTOL GTOV TOAAMTMANGLOGHO, GTNV JPOPOTOINeN KOl THV OmOTTOoN TV T

kuttapwv (Rao, Luo et al. 1997) (Kuo and Leiden 1999).

1.2.2 Evrepotoivy A

H evtepoto&ivn A (SEA) aviketl og pio peydAn owoyévela eviepotovdv Tov
TOPAYOVTOL OO TOV GTAPVAOKOKKO S. Aureus kol Bewpovvtor vrebOuveg yia va peyaio
aplOpd OAAEPYIK®OV aVTOPAGE®V KOl TPOPIK®V dnAntnprdcewv (Johnson, Russell et al.
1991) (Balaban and Rasooly 2000). Edwd ot Tpo@ukcég SNANTNPLAGELS TOL TPOKOAOVVTOL
00 TOV GTAPVAOKOKKO OTOTEAOLV TO OEVTEPO O KOWO 0OiTI0 TPOQPIKNG dnAntnpioong
ot1g Hvopéveg molteieg ko 1 eviepotolivn A givar vrevBuvn yio v TAgloymeio avtdv
Tov kpovoudtov (Levine, Smart et al. 1991) (Bunning, Lindsay et al. 1997). Axopa kot
pikpég mocdtreg SEA eivor apketéc yio va mpokaAécovv OnAntnpiaorn agold ot pio
emdnpio otic HITA o pésog 6pog mTocoOTNTOG TOV EVTOTIGTNKE GTO YAAa ftav povo 0.5
ng/ml(Evenson, Hinds et al. 1988). H evtepotoivn givor moAd dVGKOAO Vo KOTAGTPOPET
EMELON EYEL OYETIKA LKPO UEYEDOG, eivol avOEKTIKN GE AMEVEPYOTOINGT OO TPOTEACES
TOV YOOTPEVIEPIKOV GLOTNUATOG Kol eivat TOAD avlekTikn ot VYNAEG Beprokpacieg
(Denny, Humber et al. 1971; Hernandez, Goyache et al. 1993).

H Buoroyn dpdon tov eviepoto&ivdv, Ol 0Toieg oLVl avaeEPOVTUL Kol MG
VIEP-AVTIYOVA, EYKETOL OTNV  1010TNTOL  TOLG VO EVEPYOTOOLV  UN €WK  TOV

moAlamAacloopd Twv CD8 kot CD4 T Aeppokuttdpmv pe Evav EVOAAAKTIKO Unyavicuod
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avtryovorapovoioong(White, Herman et al. 1989). Ev avtifecer pe to ocopPotikd
avtiyoéva, ot evtepotoiveg mpocsdévovtal cav dbikta poplo oto tééng II popro tov
Kuplov cvuTAOKOL 1oTocLUPATOTNTOG EEMTEPIKA TNG OWANKAG 7oV Ppioketar ToO
avtyévo, ko otnyv petafint VP mepoyn g P aivcidog tov vrodoyéa tov T kuttdpmv
(TCR) (Ew. 1.10.). Z10 avBpomivo pemeptopto Tov T Kuttdpwv vdpyovv nepimov 24 VB
neployég tov T vmodoyéa kot epdcov 1 SEA pmopet va mpocdedel og mapamdve and pio
VB meproyn tote dvvatar va evepyomomoet péxpt Kot 10 25% tov T Aepgoxvttdpwv
(Champagne, Huchenq et al. 1993) (Hudson, Robinson et al. 1993) (L1, Llera et al. 1999).
H oAAnenidopaon avt) @épvel mo Kovtd ta avtryovomapovsilaotikd kuttapo (APC) pe
o T Aep@okvTTOpO KOt TO GNUOL TNG EVEPYOTOINOMG aEAVETAL e TNV OAANAETIdpaOT
TOV GUVOIEYEPTIKMV HOPI®V TOL amevToHVTOL KOl GTNV GUUPBOTIKY] 0VTIYOVOTOPOVGIaoN.
Yvvemokorlovba, 1 EKKPIOT TPOPAEYUOVMOIDV KUTOKIVAV, OTMOG O TOPAYOVTOS VEKPMONG
tov 6ykov (TNF), wrteppepovn-y (IFN-y) xor n wiepievkivn 2 (IL-2), odnyodv 10
avocomomtikd cvotnua mpo¢ pio Thl avoclokr amdvinon mov mpokaAel €viovn
evepyomoinomn tov T kuttdpwv akoiovBovpevn ond andmtwon(Norrby-Teglund, Norgren
et al. 1994) (Wang, Zhu et al. 1997) (Gorak-Stolinska, Kemeny et al. 2002).

Albpopeg pehéteg £0e1E0v OTL VILAPYOVY JLAKPITES OOPOPEG OTO EVOOKVLTTOPIKA
ONHOTO TOV SETOVY TO KAUGGIKO HOVTEAO OVTIYOVOTTOPOLGIOGNG KO TO EVOAALOKTIKO TOV
XPNOWOTO0VV Ta. VIeP-avTrydva. Katapyds ta vrep-avitydvao dgv mpokaAovv avénon
TOV EMTESOV EVOOKVTTOPIKOV AGPECTION Kol UTOPOVV VO EVEPYOTOMGOLY TNV p56le
(Liu, Lampe et al. 1991) (Yamasaki, Tachibana et al. 1997). Exniong, vrdpyovv apketd
EPOTNUOTIKA OGOV 0popd Tov Pabud otov omoio T VIEP-UVTIYOVA YPTCLUOTOIOVV T
ocuvoleyeptikd pope B7/CD28 evd dAdeg peréteg vmédei&ov v eumhokn tov STAT3
kot Ot tov STATS oty evepyomoinom twv CD4 T Aepgpoxvttdpov (Gerwien, Nielsen et

al. 1999).
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T cell stimulation by superantigens

antigen superantigen

e

= MHC oass | = WHC olass I

Pa il
recognition of antigenic peptide recognition of VB alone
in MHC grcove - requires

Va, Ju, VB, DB, Jp

low frequency of antigen- high frequency of antigen-
specific cells (<0.01%) specific cells (=10%)

Ew. 1.10. Avo@opég petald KLOGOIKIG AVTIYOVOTAPOVGIOONG KUl TG EVOALUKTIKNG
AVTLYOVOTTUPOVGIOGNC 0md Ta VAEP-avTIYOva. (oyfpa omé: Immunology. Roitt. 6™

edition)

1.2.3 An6mTTOOoN KOTTAPOV

O xvttapkog Bdvatog pmopel va emédbel gite pe vEKp®ON TOV KLTTAP®V ElTE pE
amontoon. H vékpwon mpokadeitor and ewtepikd epebiopata mov e&avaykalovv to
KOTTapo o€ Eupvikd Bdvato ywpig cuvNOOC Vo EVEPYOTTOIEITOL GUYKEKPIUEVO LOVOTTATL
Kot etvor pn avaotpéylnoc. Avtifétwg, 1 amomtoon Oswpeitol TPOYPUUUATIGUEVOS
KUTTOPIKOS BAvaTOC OOV TO KVTTOPO EVEPYOTOlEl  E0MTEPIKOVS UNYXOVIGHOVS TTOV
odnyobv oe opyovouévo Bavato. O Bdvatog avtdg apopd Kupimg KOTTOPA TO OToia
TPETEL VO AVATANPOVOVTAL GUVEXDS OTTMOC TO KOTTOPO TOV AVOGOTOMTIKOD GUGTNLOTOG,
Avolertovpyieg GTOV PUNYOVICHO TNG OMOTTOONG €lval vrevbuveg Yoo TNV EUEAVION

OPICUEVOV  HOPO®V  KOPKIvOv, TNV avamtuén ovTtodvoomv Kot VELPOEKQLMGTIKAOV
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acBeveldv koG kot moAAd cvvopopo avocoavemdpkelag(Steller 1995; Arch and
Thompson 1999). Mopeoroyikd m amdTTOON dSEEPEL omd TNV VEKPOGN aPov
nopoatnpeitolt  ovumdkvoon Kot - amodounon  tov  DNA, ocvppikveoon  tov
KUTTOPOTAAGLOTOG KOl TOV TUPTVA, XOPig S1d6macn TG Kuttopikng pepppavng (Vermes,
Haanen et al. 2000) evéd otV vEKpwon Tapatnpeital SIOYK®GT TOL KLTTAPOL OV 00T YEl
o€ J10TOoT TNG KVTTUPIKNG HeRPpavng Kot AVon Tov KuTttdpov. Bloynukd n ardmtwon
yopaxktnpiletar omd peimwon ToL evdokvtTapikoy pH, evepyomoinon peA®V NG
OKOY£EVELNG KAOTOoMV Kot Tapaymyn ceramide(Budihardjo, Oliver et al. 1999).

Ot pnyaviopol evepyomoinong g amOnT®OoNg TEPLAUPAVOLY ol GEPE amd
HOVOTTATIO. TOV 00MYOoVV GToV KoTokepHatiopd tov DNA kot teMkd TOvV KLTTOPIKO
0dvato. AEITOLPYIKH O1 UNYAVIGLOTL ATOTTOONG LTOPOLV VO, SLWPLGTOVV GE OVTOVG TOV
EVEPYOTOLOVV UEATN TNG OKOYEVELNG KAGTOGMV KOl GE OVTOVS OV lvan aveEdptnTot TG
evepyomoinong tov kacmacdv(Nicholson 1999; Mootha, Wei et al. 2001). O debtepog
pnyoviopds ompiletor oe PETOPOAES TNG HITOXOVOPLOKNG VTOGTOCNG OV TPOKOAEL
peiowon g moapayowyns ATP ko tehkd kvttapwd 0Odvato. ITopdia ovtd o
OLYKEKPUEVOG  UNYOVIOUOG OV amOvVTATOL OLYVO Kol  EMKPATESTEPOS  TPOTOG
TPOYPOUUATICUEVOD KVTTOPIKOV Bavdtov elvarl p€ow NG evePyomoinong TV KAGTUGMY.
Ot kaomdoeg eivor TpoTEACEG KLOTEIVNG Ol omoieg Ppiockoviol QULGIOAOYIKA GTO
KUTTOPOTAOGOL G OVEVEPYEG TPOKAGTACES KOL 1| EVEPYOTOINGN TOLG EMITVYYAVETOL
VOTEPE. OO TPMOTEOAVTIKY dpdon Tov Wiov 1 dAlov mpoteacov(Mehmet 2000).
Agrrovpykd yopilovtor og 600 KATNYOPIES: TNG EVOPKTNPLES, OTMC Ol KAOTAGES 2,8 Kot
9, Ko ot ekteAeoTIKEG O 01 3,6, Ko 7(Green and Kroemer 1998).

To povomdTio IOV EVEPYOTOLOVV TIG KAGTAGES LITOPOVV VO, SO MPLGTOVV GE QLT
oV EEKIVOVV Ol £EMTEPIKE ONUATO HECH KLTTOPIKAOV VTOO0YEMV (EEMTEPIKO LOVOTATL)
KOl G6€ OVTA 7oL EEKWVOUV OO €0MTEPIKES UETAPOAES (e0mTEPWKO pHOVOTATL). XTO
eEmTEPIKO POVOTATL £Y0oVV avayveoplotel 6 kvplot vodoyeic Bavatov (Death Receptors):
o FAS (CD95) , o TNFR1 ( tumour necrosis factor receptor) , o DR3 (APO-3), TRAIL-
R1 (APO-2, DR4), TRAIL-R2 (DRS5) kot 0 DR6, mov £0vv @¢ KOO YOpaKTNPLOTIKO
evookvTTapikd apvoéikd potifa Bavatov (Death Domains, DD) (Ashkenazi and Dixit
1998; Schulze-Osthoff, Ferrari et al. 1998). Otav ot vrodoyeic mpoodévoviar ©1o

(QLGIOAOYIKO TOVG OEGUELT, oYNUATICOVY TPYEPT] GUUTAOKO TO. OTTOi0L TPOKOAOVV TNV
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otpotoldynon g npwteivng Fas associated death domain (FADD) (Siegel, Frederiksen
et al. 2000) (Chan, Chun et al. 2000) (Chinnaiyan, O'Rourke et al. 1995). H FADD
amoteleital amd dVo Asrtovpyikd pépn: to death domain (DD) kou to death effector
domain (DED). To vrmdpyov poviého mpovmobétel tv mpodcdeon tov FADD, eite
angvbeiog elte pe v pecordfnon evog driov popiov (TRADD), ctovg vmodoyeic
Bovdtov péow tov death domains twv V0 popiwV Kol TV TPOGOESN HE TNV
mpokacntion-8 péow tov death effector domain. H npdcdeon ¢ mpokacmione-8 oto
FADD odnyet oty autd-TpmOTE0AVTIKY] KOTEPYATIO TOV 00MYEL OTNV €vEPYOTOINOT NG
KOoTAoNG-8 M omoia 6TV cvuvEyeln EEKIVAEL £vol LOVOTITL EVEPYOTTOINGNG KAGTOCMV TOV

mpokarohv Tov kKuttaptkod Bavato (Ewc. 1.11)(Salvesen and Dixit 1999).

APOPTORIZ

rtrinsic Pathway 8 08 Mesmel———————————— Cleawage of __
E Fatirey ;: (aspase Snbstiate _,\l
Death Ligand Adaptor L |
ey
CAl |
Fas-L Faz e |
— | FADD ‘. |
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Ewk. 1.11. Amewkévion tov cootepikov (intrinsic) kor eEotepik@v (extrinsic)
UTOTTTOTIKAOV JLOVOTTATLOV. (KEGG PATHWAY database,
http://www.genome.jp/kegg/regulation.html)
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To e0®TEPIKO POVOTATL EVEPYOTOINGNG TNG OmONTTM®ONG dev Eekiva amd eETepKd
onpata oAld Paciletol o daTopoayég NG MTOXOVOPLOKNG AElTovpyiog. Xe GLVONKESG
£VTOVOL OTPEG TPUYUATOTOLEITOL ATELEVOEPMOT LITOYOVIPLUKDV TPOTEIVOV, KUPIMG TOV
KLTOYPOUOATOG C, 6T0 Kuttopdmiacuo. H anehevBépwon mpoaypatomoteitor povo oOtov
TPO-ATONTOTIKEG TPMTEIVEG TNG owkoyévelag Bel-2, dnwg n Bax kot np Bak, mpocdévovton
KOl OTEVEPYOTOLOVV OVTI-OMONTMOTIKEG TPpmTEIveG TN 010G owoyévelng (Huang and
Strasser 2000) (Cory and Adams 2002). To xvtdéypopo ¢ otav Ppioketar ot0
KuTTOPOTAQGHO OAANAETOPA pe TV Tpwteiv APAF-1, v mpokaondon-9 kot popio
ATP, dnpovpydvtog £va amontotikd copmioko (Li, Nijhawan et al. 1997). Avto €xel og
OMOTEAEGLLOL TV TPMTEOAVTIKY| KOTEPYAGIM TNG TPOKOCTACNG-9, Kol KoT’ €MEKTACT] TNV
gvepyomoinom ¢ kaondons-9, n omoia pe TV GePA TG evepyomolel v Kaomion-3

TPOKOAMVTAG TOV KLTTAPIKO OAvaTo TOL KLTTAPOV.

1.2.4 Kvttapikog 0avotog emayopevog oo evepyonoinon

Yta T Aepgoxvttopa €xel moapatnpndel £vag 1O010HOPPOS UNXOVIGHOG ETAYWOYNS
™G andnTmong mov mpokaAeitar amd to deyeptikd onua tov TCR kot ovopdleton
Kuttapikdg Bdvatog emaydpevog amd evepyomoinon (activation induced cell death,
AICD). Avtm n dadwacio Oempeital TOAD oNUOVTIKY Yoo TNV pOOUIGT TG OVOGLOKTG
OmAVTINONG KoL TNV OmoeLYN VREPPOMKNG EVEPYOTOINONG TOL  OVOGOTOUTIKOV
ovotnuotoc(Freitas and Rocha 1999). H evoicOnoia tov kvttdpov otov AICD
eCaptdtar and 10 WOGO OvvoTtd elval TO oNUOL EvePyoTOinomg Kol TO GTAO0
gvepyomoinong t®v kuttapwv. Etol xdttapa mov €xovv pHOMG avoyvepicel KATOlo
avtiyévo etvar mo  ovOeKTIKG eved  KOTTOpa 1oL €xouv dgxbel Mom éva onua
gvepyomoinong etvor  mo  evaicOnto otov  kuttapikd Odvato  emayodpevo  amd
gvepyomoinon.

H anéntoon tov kuttdpov endyetol Kuping amd Tov vrodoyéa Fas evd kot aAlot
unyovicpoi, 6nwg péow tov TNF-R kor g perforine/granzyme, éyovv mpotabel g

evaAlakTikol emaymyeig g andmtwong(Dhein, Walczak et al. 1995; Zheng, Fisher et al.
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1995). Ta evepyomompéva T kottapa €govv avénuévn ékepacn tOG0 Tov vodoyéa Fas
660 Kot Tov deopevtn Tov FasL (Fas ligand) kot emopévag givat evaicnta o€ amodmtmon
elte amd puévo toug ( pecw tov dkov Tovg FasL) site amd aAAniemidpaon pe Giia
kottapo. H avénuévn éxepaocn OG0 ToL VTOd0YEN OGO KOl TOV OEGUELTH &ival
amotéleopo ¢ evepyomoinong and tov TCR. H ékppaon tovg pubuileton amd
LETOYPAPIKOVS TOPAYOVTEG TOL EUTAEKOVTOL GTHV gvepyomoinon tov T kuttdpov KoTd
™V SudpKeEw TG avtryovomapovsioons, ontmg o Egr ( early growth response genes),
NFAT (nuclear factor of activated T cells), NF-kB ( nuclear factor kappa B), c-Myc, AP-
1 ( activator protein-1) ko IRFs (interferon regulatory factors) ( Ew. 1.12). ITo
OLYKEKOUUEVA, 0 PeTOYpaPtkog Tapdyovtoc NFAT evepyomoteiton amd v d1€yepon Tov
TCR kot etvor onuavtikdg puBpietig g ékepacng tov FaslL, g wvrepievkivng-2 kot
GAAOV KLTOKIVOV CTMUOVIIK®OV Yo TNV gvepyomoinon tov T kuttdpov. AVOGTOA NG
dpdong Tov petaypaptkod mTopdyovta e kKukloomopivi A (CsA) eunddice v Ekppoon
tov FasL (Latinis, Norian et al. 1997) (Holtz-Heppelmann, Algeciras et al. 1998).
Yvvenmg, Otav éva T wuttapo ovoyvopicel €va ovtiyovo €KT0¢ omd TO OYUd
EVEPYOTOINONG TOV OEYETAL, YIVETOL TOLTOXPOVA €VLOICHNTO CE OMOMTOTIKA GHLOTO
€QOCOV Ol UETOYPOPIKOl Tapdyovteg mov puBuilovv v gvepyomoinom Tov KLTTAPOL

pLOlovV TaVTOHYPOVA Kol TNV EKOPOGCT] ATOTTMOTIKAOV LOPImV.

Ewk. 1.12. O¢ogig mp0coEoS TOV HETAYPUPIKAOV TOPAYOVTIOV TOV EPTAEKOVTOL OTNV
gvepyonmoinon tov T kvttapov mave otov vmoxivnty ( promoter) tov FasL

yovidiov.
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1.3 ZKOITOX KAI XTOXOI AIAAKTOPIKHX ATATPIBHX

Eikool €€ ypovia €xouv mepAcel amd TNV avVOyvVOPICT TOL GLVOPOLOL TNG
emikTnING ovocoloywkng avemdpkelog kot to AIDS cuveyilelt va amotelel éva amd ta
peyodvtepo mpoPAnuoato dnuoctog vystog maykoopiog. O 10g HIV, o attiodoyikdc
napdyovtoag Yo to AIDS, mpokaiel otadwaky| peiwon tov CD4 T Aeppokvttdpwov mov
oonyel otV SLGAEITOVPYIOL TOL AVOGOTOMTIKOY GLOGTAHOTOG Kot KoO1oTd TOV 0cOevn
EVOAMTO GE ELKOIPLOKEG HOADVGES Kot oykoyéveon. H vrmdpyovca avtipetpoikn
Oepameion Exel peidost onuovtikd v Ovnodmro oe moyKOGUo eminedo oAAd M
EULPAVION OVOEKTIKMOV GTEAEYMV TOV 100 Kol 1 VYNAN ToEIKOTNTA OTOTEAOVV GNUOVTIKA
EUMOOI0. YloL TNV EMTLYNUEVN KatamoAéunon tng HoAvvone. T tov oyedlaopo
KOWVOUPYIOV  OTOTEAEGHOTIKAOV QOPUOKEVTIKOV OKELOOCUATOV givol amapaitntn 1
KaAvTEPT Katavonon g taboyéveong Tov w0 HIV kou 1 cuoyétion g pe 1o AIDS.

Koatd v acvuntopotikn eaon o tAnduopog tov CD4 T kuttdpov ghottdvetal
apyd oAAd otabepd To omoilo TeMKA odnyel oe avoosemdpkela Kot tedka to AIDS. ITwo
OGLYKETKPIUEVA, TOPOUTNPEITE EMAEKTIKN OMMAELD TV Un poAvopévov CD4/CD45RO T
KUTTAPWV OAAG 0 axkpiffg unyaviopog eival axopo vmd depevvnor. Aldgopot UK
TopAYovTeS £xovv mpotabel va emdyovv TV amdOTTOCT TOV KLTTAP®OV OTMG 1 TPOTEIVT
Tat xou n Nef. IIpocpatec peréteg £xovv eotiactel oty tpitn petapint (V3) mepoym
™G yYAvkompwteivng gpl20 n omolo cLUUETEXEL OTNV OAANAETIOPAGT) TOV 100 HE TOVG
GLVUTOJOYEIC.

Epdcov o mpotapykog otdoyog tov HIV elvar ta evepyomompévo/ovapuvnotikd
CD4/CD45RO T «0ttapa Kot KOpl  Agitovpyio ovt®dvV TV KLTTApV  gival
OAANAETIOPOGT TOVG UE OVTILYOVOTOPOVCIOCTIKG KVTTOPO, HEAETHGOUE TNV Tafoyéveln
tov HIV and pia kaBapd avocoroykn okomid. [lpoyevéotepeg HEAETES TG EPELVNTIKNG
pog opadag ypnoonmoinoav €va ocuvletikd moivmentidoo 15 apwvoléwv and v Tpit
petafAnt meployn g YAvkompmteivng gpl20 to omoio evempatdOnke oy emipaveln
TOV OVILYOVOTOPOVGIICTIKOV KLUTTAP®V He TV Ponbeia Mmocopdtov. 10 £00TEPIKO
TOV AMTOCOUATOV NTav €YKAEIGUEVT N To&ivn TOov TETAVOL €161 MOTE Vo €16€PHEL OTO
EOMTEPIKO TOV KLTTAPOV KOl VO, TOPOVCIOCTEL GTNV GLVEYEL OTNV EMUPAVELD TOVG

npoodepuévo pe éva taéng I MHC popro. Xpnowomotdvog avtd 1o povtédo £dei&ay Ot
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t0 V3 mentidowo 6tav Ppiokovror oty emedveln tov APC, katd v obpkela g
OVTLYOVOTOPOVGIOoNG  TOL  TETAVOV, TPOKOAEL EVIGYLUEVO TOAAOTAACIOCUO  TOV
aroviovvtov CD4 T kuttdpwv akorovBolduevo and avénuévn andntwon (Zafiropoulos,
Baritaki et al. 2001) (Zafiropoulos, Baritaki et al. 2001) (Baritaki, Zafiropoulos et al.
2002).

Kevtpog 6td306 ™G mopovcsas StdaKToptkng datptPhig NTav vo eVIomioTohv o
EVOOKVTTAPIKG HOVOTATI. ov pmopel va dadpopotilovv onuoviikd polo oto V3
eowvopevo. Emeidn ot puéypt Tdpa HEAETEG XPNOYLOTO0VGAV TOV TOEOEIEG TOV TETAVOL
oav €KO avilydvo mov evepyomowovse kpd aplBud CD4 T kuttdpov €npene va
avtikataotadel and €va mo yevikevuévo onua. To mpdTo PEPOG NG HEAETNG NTaV VL
avtikataotadel To teTavoeldikd poviélo amd to SEA kot va anoderyBel o1t dotnpeiton
T0 @awopevo Tov V3. 10 0e0TeEpo UEPOG TNG WEAETNG NTOV VO, TOPATNPTICOVUE TO.
EVOOKVLTTAPIKE LLOVOTATIO TTOV 0OTYOUV GTNV £VIOVI EVEPYOTOINGT TV KLTTAP®V KOl TNV

OmOTTMOT] TOVG,.

Ta Bacikd epotpato Tov T€nKav givor:

e Av datnpeite 0 V3 QovOUEVO KATA TNV OVTIYOVOTOPOLGIOGT 0veSapTNT®MS TOV
TETAVOEIOIKOD GNHOTOG KO YOPOKTNPIGHOG TOL KOLVOVPYLOV i1 Vitro GUGTHUOTOC.

o Extevéotepn pedétn g oAAnAemidpacng Tov ovvbetikod memTdiov  pe
mpotdyevvn T kidTTOpOA Kol SlEPELYNON TNG OAANAETIOPAONG HE TOL VTOJOYELS
ANUELOKIVDV.

e AVOOTOA] TOL QOIVOUEVOL ULE GULVOETIKA TEMTIOW KOl OLGieg e OeTikd Kot
OpPVNTIKA PpopTia.

e Jlow &ivor M emidpacn TOL TEMTIOIOL GTOLG PALVOTLIIKOVS VITOTVTOVG TV T
KLTTAPOV

o Tnv évopén kot pvbuion g petafifoacnc evOOKLTTOPIKOV GNUATOV TO OToin

0d1yovV 6TV evepyomoinon-amdmtmon v CD4" T-AeppokuTTdpay.
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2.1 Kvttopiko viiko

2V mopovca SB0KTOPIKY daTpiPn xpnoomombnkay avlpdmiva TpmToyEVH
neplpepkd povorvupnva kuttapa (PBMC) 1o omola amopovdbnkav and Buffy coats,
HIV-1 kot CMV 06po-apyntik®v S0TdV Tov mapoy@pinkay amd to TUHo opodociog
tov Bevileheiov Nocokopeiov (Hpakieio Kpnng). Eniong ota meipdpota yio v perém
™G OAANAETIOPAONG TOV TENTIOIWV UE TOVS VITOJOYELS YMUEWOKIVOV YPNOLUOTO 0KV
emOniokd kdtrapo e Kuttaptkng oepdc US7 ta omoio Tov €VYEVIKY TPOGPOPA TMV
Dr Littman, Dr HongKui Deng ka1 tov Centralised Facility for AIDS Reagents.

Ta kottopa kalhepynnkav og Oeppokpacio 37 °C kat ot atpdspapa 5% CO,.

2.1.1 Opentikd YMka

1. I'ie ta PBMC

o Opentikd vAkd RPMI 1640 (Gibco), eumAOLTIGUEVO HE TO TOPOKATO
CUUTANPOUOTOL:

5 % avBpomvo opd opddog AB [human AB serum, HS[

50 pg/ml gentamycin ( Sigma )

Ix Non essential amino acids (Gibco)

Ix Sodium pyruvate (Gibco)

AN NN

2mM L-glutamine (Sigma)

e  Awdhvpa dwyopiopod PBMC og dwapdduion mokvotntag euoing (Ficol Paque,
Pharmacia Biotech, Uppsalla, Sweden)

e Awdivpa 1x PBS (Phosphate Buffered Solution): NaCl 9 gr/L, KH,PO4 0,21 gr/L,
Na,HPO4-7H,0 0.72 gr/L, pH 7.3
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2. T emBnAokd U7

e  Opentiko vAkd Dulbecco's Modified Eagle's Medium (DMEM)

» 15% Heat inactivated Foetal calf serum (FBS)

» 300 pg/ml Geneticin (G418)

» 1 pg/ml Puromycin (UOVO OTIG KLTTOPIKEG GEWPEC OLOUOAVOUEVES UE TOVLG

VTOJOYEIG YNUELOKIVDV)

e Dymethy Sulfoxide (DMSO)

Olo to TEYWNTA VAKA KOU OVTWOPOOTHPL YO TS KLTTOUPOKOAMEPYEIEG

anootelpdinkav gite pe OEpuovon otovg 125 °C gite pe yprion eidtpov 0,2pum.

2.2 Ientiow

v Tmopovca  PEAETN  ypnolpomomdnkoav cuvleTikd memtid TG Tpitng
petafAnmg mepoyng (V3) g yAvkompwteivng gpl20 and oto otéhexoc LAI tov 100
HIV-1. To 15-pepég ouvBetikd mentidio Tov V3 dwbéter 5 Betikd poptiopéva apvoléa,
eved ovvtédnkay mopariayés tov mentdiov pe 1 ( V34y) ko 9 ( V3i9) Betikd popticpéva
apwvo&éa ( ITv. 2.1). Tw v pelétn g OAANAETIOpOONG TOV TENTIOI®V UE TOVG
Vrodoyelc ynueokvav cvvtédnke 20-pepéc ovvletikd mentido g mpwteivng MUCI(
[Tw. 2.1). Ta mentidw cLVTEOMKAV ¥PNOYLOTOUDVTOS TNV CTPOTNYIKY TNG ETMOVOANTTIKNG
CLUTVKVOONG TPOooTateLUEVOV TenTwiov (Fmoc/tBu chemistry) otov avtopato 430A
Peptide Synthesizer (Applied Biosystems) (Krambovitis, Hatzidakis et al. 1998). Ta
@Bopilovta memtidw mopackevdoTnKay ypnolonoldviag fluorescein-O succinimide
(FLUOS) ot¢ otepeny @domn ( solid phase) emAektiki yioo TNV OUIVOTEAKY] TEPLOYN
(Hatzidakis, Tsatsakis et al. 2002). Ta nentidio amopovaOnkay e vypn YpOUATOYPAPi
vynAng mieong (HPLC) kot apov Avogpiromomdnkay, anobnkedtnkav otovg -20C.
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Mivakog. 2.1 Apvoikég aArnrovyies 6UVOETIKAOV TEXTIOIMV.

[Memtido Apwvo&ikn aAAniovyio

V3 LAI RKSIRIQRGPGRAFY
V3 4 VGSILIQRGPGAAFY
V3 4 RKSIRRQRRPKRAKY
MUC1 PAHGVTSAPD TRPAPGSTAP

2.3 Hopaokev] MmoTERTIHIOV KOl MTOCOPATOV

Ta HIV-1 gpl120/V3 (LAI) mentidio petotpdnnkoy o€ AMOTERTIOW e
OLOIOTOAIKT) TPOGdEST TOL popiov  serine-S[2,3-bis (palmitoyloxy)-(2rs) propyl]-n-
palmytoyl-(r)cysteine (Boehringer, Manheim Biochemica, Germany) axoAovBmvtag Tig
oonYieg TOV KOTAOKELOOTH. [0 TNV TOPACKELT] TOV ATOCOUATOV YpNCIoTomonKe N
pébodog apuodtmon-gvoddtmon 1M omoio €yl meprypagtel ond tov Kirby et al
Yvvortikd, 0.5umol ewcseatidvrioyorivn (100mg/ml, Sigma), 0.5umol yoreotepOANng
(10mg/ml) ko 50pg memtdiov (AMmoV3 LAI) avopeiybnkov oe SidAvpo opyoviK®v
dwAvtov (1/2 yhopopopuo oe pebovorng). To didlvpa oteyvodnke oe otabepn pon
al®dtov Kol T0 MTOmPMTEIVIKO piypo emavadorivdnke oe 0.5ml amovicpévov vepov
(dH,0) xon 0.5ml (1X)PBS. Opoyevomoinon Tov SADUOTOS TPOYHOTOTOmONKE LE
VIEPNXOVG (sonication) yuo 2 AETTA KO GTIV GUVEXELL TO OAAVUA PLYOKEVTPNONKE OTIC
14000 otpogéc ywoo 30 Aemtd. Tehewwvovtag, To ddhvpo Yyoyxdnke oe vypd AlmTo Ko
wogponordnke otoug 18°C  yur 18 dpec.  AvooHotaon TOV AMTOGCOUATOV
npaypoatoromOnke pe v tpocHnkn 100 ul PBS (1X) kou ta Mimocodpato enodotnkoy
yio: 30 Aentd otovg 4°C. AxorovOnoav 3 uyokevipiioels pe 1ml PBS (1X) otig 14000

oTpoPEG Yo 10 AemTd Y10 ToV KaBopiopd Tmv MITocoUaToy.
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Xnuika / padrevepyd vaka

e Eviepoto&ivn A tov otagpurdkokkov ( Staphylococcal enterotoxin A, SEA)
(Sigma-Aldrich Chemical Co)
e “H 0vwdivy (Amersham, U.K.)

2.4 ATopovemon TEPLPEPIKAV HOVOTUPNVAOV KVTTAPp®V ToL aipatog (PBMC)

Buffy coats and HIV-1 kot CMV 6po-apvntikoig d6teg mopoympndnkay and 1o
Tuquo opodociog tov Bevileheiov Nocoxopegiov. Kébe delypo uyokevipnnke otig
3000 otpopég Yo 30 Aemtd oe Oeppokpacio dwpatiov £€1o1 dote va emttevydel
S®PIOHOE TOV  KLTTOPIKOV TANOvoudv. Ta Aevkokvttapo (pecaio  oTifdda)
avapeiyOnkav pe odivpe (1X) PBS ®ote va ddcovv cvuvoiikd oyko 25ml. Xtnv
ocvveyeio emoTpoOnKoyv mTave amd ddAlvpa EoANg (25ml) ko euyokevipnOnkay oTIg
1500 otpoeéc yio 30 Aentd oe Beppokpacio dopatiov. O dy®PICUOS TOV KVTTAPIKOV
TANOVGUOV aVAAOYO, LE TNV TUKVOTNTO TOVG, £XEL MG OMOTEAECUN TNV ATOUOVOCT] TOV
TEPLPEPELOKDV LLOVOTUPVAOV KLTTAP®V TOV OHULATOG To 0Toio LETAPEPONKAY Gg d1dAvL
PBS (1X). AkorovOnoav 3 guyokeviproelg pe 1X PB, otig 1500 otpo@éc yio 10 Aentd
oe Ogepuokpocio dopatiov, yo tov kaBoplopd TOV KLTTAP®V 0omd VROAEippOTH
TAAGLOTOG, PIKOANG Kat arponetorliov. To Aapfoavouevo kottapikd kKAAopa oe kabopn
Katdotaon amoteleite Katd 90% and meprpepcd Agppokvtrapa (PBL) ko koatd 10%
povokvtrapa. Ta kbdtrapa otnv cuveyeio KaAlMepynOnkav oe kaAlepyntikd vikd RPMI
nov eptetye 5% avOpomvo opd. Ta kdttapa enmdlovtar 3 pHEPES e TOL ATOGMUOTO KO

oTNV cVVvEYELN TPpooTifeTon 1) evtepoToLivn.
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2.5 Anopdvoon CD8 kvttdpov pe payvntikd owwyopiopd (magnetic cell sorting,
MACS)

H anmopdovoon CD8 T Aevkokuttdpmv TpoylatomoOnKke Le LayvnTIKY| €TA0YN
kuttdpov (MACS, Miltenyi Biotech, Germany) epoppolovtog Oetikn emroyn pe v
XPNON AVIICOUATOV oL deopevovy To. CD8 kittapa. Zvvomtikd, emBountdg apBuog
KutTapwv QuyokevipnOnkav otig 1300 otpogéc yio 10 Aemtd Kou otnv GLVEXELN
enodomkav otoug 4 °C yie 10 Aemtd pe 10pl anti-Human CD8-RPE «at 40ul MACS
Buffer ya xdfe 107 cvvolucod apiOpod kodttopov. Metd v emdaon ta KoTTAPO
evyokevpnOnkav yio 10 Aentd otig 1300 otpo@éc kor akoAovOnce emmaon 15 Aentdv
pe 20pul anti-RPE MicroBeads kot 30ul MACS buffer yu k60e 107 suvolucod optOpod
kottapwv. Ta kottapo euyokevipnOnkav pe MACS Buffer 10-20x tov labeling 6ykov
otg 1500 otpopég v 10 Aemtd kou apod emavadiaAvbdnkav oe 500ul MACS buffer.
2TV GuVEXELD LE TNV YPNoN TG KoAdvag doywpiopov CS (Miltenyi Biotech, Germany)

emMTEVYONKE HLayvNTIKOG S1oPIoUOG TOV KLTTAP®V.
Xnuika / Avwddpata

» pubuotikd sidivpa MACS Buffer: PBS,pH 7.2, 0.5% BSA, 2mM EDTA
» anti-Human CD8-RPE (BD Pharmigen, Greece)
» anti-RPE MicroBeads(Miltenyi Biotech, Germany)

2.6 Métpnon 10V TOALUTAUGLOGHOV TMOV AERQPOKVTTAPOV HE EVOOUATOON ['H]

Oopdivng

o Tig peléTeg T0L TOAAATAAGIAGHOD TmV Aspgokvttdpoy, 10° katepyaopéva
PBMC avd ml otpddnkav o mhakeg 96 mnyadiov eninedng Pdong (Costar). H mpocOnin
TOV KOTAIAANA®V MITOCOUATOV £YIVE GTNV OPYN TOV TEPAUOTOS KL 1] EVEPYOTTOINGN T®V
KOtTapmv mpaypatorodnke pe v tpocsdnkn SEA (staphylococcal enterotoxin A) xatd

mv Tpitn pépa tov mepdpatog. H pétpnon tov moAlomiociocpod TV KLTTAp®V
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emtedyOnke pe TV TPooHnkn padievepyorv Bvudivng oe kabopiopévo  ypovika
dwotnuato ( pépeg 3,5, 7,9, 11 ko 13). Metd and 18 mpeg endaong pe 1 pC Bopudivng/
Nyadt To KOTTOpa GLAAEXONKAY o€ €1d1Kd @iltpa ( Scatron Instruments, Norway) kot m
podevépyelo petpinke oe PB-petpntm padievépyelag (LS1701 beta counter-Beckman,
USA).

2.7 ®awvoTomkog TPOoGdoPIopds KuTTadp®V pe kuttapopeTpio porg (fluorescence
activated cell sorting, FACS)

o T TEPGUOTE  QOVOTVLTKOD TPOGSOPIOHOD TmV Acppokvttdpmv, 10°
katepyacpévo PBMC avd ml otpodnkav oe midkeg 24 mmyoduwv eminedng Paong
(Costar). Z11g emBountéc ypovikég otiypés , 0,5 x 10° KOTTOPO PUYOKEVTPHONKAV 2 POpES
pe 1 x PBS otig 1500 otpo@éc yuo 10 Aemtd yio tov kaBapiopd tovg omd to VAKE Tig
KOAMEPYELDG. XtV ouvEew Tto KOTtopo emmdctnkav pe 20ul tov katdAAniov
avtiodparog ( . 2.2) kot 100ul PBS, mov mepieiye 2% FBS, yuo 20 Aentd otovg 4 °C.
Y10 mewpdpota pe o V3 Fluo mentido ta kdtropa enwdomkay yuo 20 Aentd pe 100
ng/ml mentidiov. AkoAovOnce euyokévipnomn tov kvttdpov pe 1 x PBS otig 1300
61poég yia 10 Aemtd otovg 4 °C yia Tov Kabopiopd TOV KVTTEP®Y 0o TO, OVTICOUATO!
oV Tpoodédnkav atov vrodoyeic. Ta kittapa eravadioAivdnkav oe 500ul 1x PBS ot
petpnOnkav otov kutrapopetpnty pong FACS Scan (Becton Dickinson, Germany) pe
™mv xpnomn tov Asttovpykov mpoypdupotoc CELL Quest 3.3 (Becton Dickinson,

Germany).

Xnuka / Avwiopato
e Auwivpa 1x PBS (Phosphate Buffered Solution): NaCl 9 gr/L, KH,PO4 0,21 gr/L,
Na,HPO4-7H,0 0.72 gr/L, pH 7.3
e 2% Heat inactivated Foetal calf serum (FBS)
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ivexkag. 2.2. Avticopota

TPOGOLOPIGUO TOV KVTTAPMV.

OV  YPNGHOTOMONKAY YW TOV  QUIVOTUTIKO

Edoc avticopotog KAdvoc Etoupio mpoéievong
anti-Human CD4 RPE-Cy5 RPA-T4
anti-Human CCRS RPE 2D7/CCRS
anti-Human CXCR4 RPE 12G5
anti-Human CD45RO FITC UCHL-1 (BD Pharmigen, Greece)
anti-Human CD8 RPE HIT8a
anti-Human CD95 RPE DX2
anti-Human CD25 RPE M-A251
anti-Human CD38 RPE HB7 Daco,Copenhagen, Denmark
anti-Human CD3 RPE MT310

2.8 Métpnon anéntoong

H pétpnon mg andntoong mpaypatorodnke ypnoponoiwvtag Annexin V kot
1wO100Y0 TPOTIS10 (Yo TOV SYWPIGHO TOV VEKPOTIKMOV KVTTAP®V OO TO OTOTTOTIKA).
AxohlovBdvTog v Poctkn mepapatikn depyacica, Pe TV TPocHKn MTOCOUATOV Kot
SEA, 0.5 10° KOtTapo puyokevipriOnkav 2 eopég pe 1 x PBS otig 1500 otpogég yuo 10
Aemtd. XNV ovvéyxeln to KotTopa emmdctnkav pe 2ul Annexin V kot 2ul  1wdiovyo
npomioto oe 100ul drwAvpatoc mpodcdeong (Annexin-V binding Buffer) yio mepimov 15
Aemtd. Metd TV enddoon o KOTTOPO apotdOnkay o€ Tehiko oyko 500 pl ko n andnTmon
TOV KLTTOpOV peTpndnke otov kutrapopetpnty pong FACS Scan (Becton Dickinson,

Germany) pe Vv ypnon tov Aetrtovpyikov mpoypaupatog CELL Quest 3.3 (Becton

Dickinson, Germany).
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Xnuika / Avwiddpata

Annexin V-Fluos (Boehringer-Mannhein Biochemica, Germany)

Iwdrovyo mponidio (ICN Biochemicals Inc.)

Avdopa mpdcdeong Annexin V-Fluos: 10mM Hepes/NaOH, 140mM NaCl, SmM
CaCl, inpH 7.4

Awdopa 1x PBS (Phosphate Buffered Solution): NaCl 9 gr/L, KH,PO4 0,21 gr/L,
Na,HPO4-7H,0 0.72 gr/L, pH 7.3

2.9 MeTpi6Elg EVOOKVTTUPIKOD AGPEGTION GTOV KUTTUPOUETPNTI PONS

Mo 11 perpnoelg evéokvtTapkol acPectiov, 0.5 10° KOTTOPO. PLYOKEVIPHONKAY OTIG

1300 otpogéc yio 10 Aemtd ko emavadioddOnkav ce RPMI-1640 pe 2% FBS ko 4uM

FLUO-3 acetoxymethylester. Ta kottopa enwdotnkov ywo 45 Aentd oe Oeppokpacio

dopotiov kol Katd v didpkelo ot Tpootédnke kot avticopa anti-human CD4 PE-

Cy5. Zmv ocvvéyela ta kOttapo puyokevipndnkav 2 @opég ot 1300 otpoég yio 10

Aentd pe Hank’s balanced solution. Metd v televtaio guyokévipnon ta kOTTOPO

enwdomkay yio 10 Aentd oe Oeppokpacio dopatiov Kol okoAovONce aviivon GTov

kuttapopetpnty por|g (Callibur, Becton—Dickinson, US).

Xnuika / Aveiopato

RPMI-1640 (Gibco)
anti-human CD4 PE-Cy5 (Mouse IgG1,k, RPA-T4) (BD Pharmigen, Greece)
Agiktng Ca*" : Fluo-3 AM (acetoxymethylester) (Molecular Probes, Leiden, The
Netherlands)
Ca’" Flux assay buffer : Hank’s balanced salt solution, 20mM HEPES, 0.2%
Bovine serum albumin (BSA), pH 7.4

Hank’s balanced salt solution:

» 0.137 M NaCl

» 5.4 mM KCl

» 0.25 mM NaH POg4
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0.44 mM KH, PO,
1.3 mM CaCl

1.0 mM Mg SOy
4.2 mM NaH COs

YV V V V V

0.1% glucose

2.10 adinieniopaong Tov V3 wentidiov pe T00g VT000YEIS YNUELOKIVAOY

[Ma va mapoatmpnoovpe v aAinieniopacn tov V3 mentidiov pe toug vrodoyeig
ynueoKvov ypnotporomdnkav U87 wvttapa dtapoivouéve pe tov vrodoyéa CD4
(KoAMépyewo eAéyyov), kar pe tovg vrodoyels ymueokwvov CCRS kot CXCR4. Ta
KOTTOPO KOAAMEPYNONKAV KaTd TNV StdpKeLn TG VOYTAG 0 TAGKES 12 Tnyadidv enimedng
Baong (Costar) otig omoieg eiyov TtomoBetnBel amootepopéveg koivmtpideg. Tnv
EMMUEVN HEPOL TOL KUTTOPO QLEOPIoTKAY EXAVE otV KaAvmpida pe 2% @opraideiion
(Polysciences Europe, Germany) yio 15 Aentd. v cvvéyeia kobopiotnray pe 1 x PBS,
Yo vo amopakpuvlel n eopuaideion, Kot emwactnkav ywoo 10 Aemtd pe 1pg/ml V3-
FLUOS vy MUC-1-FLUOS mentidw. "Yotepa and éva ypnyopo mAdowyo pe 1 x PBS,
tonofetbnke Mounting solution (Sigma-Aldrich Chemical Co, M-7534) o1
KOALTTTPIOEG KO TO KOTTOPA TOpOTN P ONKAY GTO GUVEGSTIOKO PKPOGKOTIO [E TNV HéB0do
Nomarsky (Bio-Rad, Radience 2100 confocal with a krypton—argon laser linked to a

Zeiss Axioskop 2 plus microscope)

2.11 Hmmoootikn 0AvodmT1] avtidpact molvpepdaocng mpaypatikov ypovov (q RT-
PCR)

H Real-time PCR mpaypatomombnke otov avaivt) Stratagene MX3000P (La
Jolla, CA, USA) ypnowomoidvrag v ypwotikn Brilliant SYBR green QPCR Master
Mix (Stratagene) kot v ROX ocav mafntkn ypwotikn. Ot avidpdoelg
mpaypoatoromOnkav oe teMkd oyko 20 pl pe 1 pl detypatog cDNA. Zav yovidio
avagopds ypnowonombnke to yovidolo GAPDH. Ot ekkivntég tov  yovidimv
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napovoidlovral otov mivaka 2.3. Ta v wvrepAevkivn-2 ypnoyomomdniay 0.4uM amod
KGOe exkvith. Apyikd éywve Ogppichi amodidtaln tov DNA otovg 95 °C yi 10 Aemtd
kot akohovOnoay 40 kdkhot yi 30 Ssvteporenta otovg 95 °C (amodidroén), 30
devteporenta  otovg 56 °C (VBPWOIOHOC TV eKKVITOV) Kat 30 SEVTEPOAENTA  GTOVG
72°C ( mohvpepiopde). T tov YY1 ypnotpomoridnkay 0.3uM amd kGbe exkvith ka
napépevay ot 1dteg ovvinkeg oty avtidpacn PCR onwg ko oty IL-2 ektdg amd v
Beppoxpacio vBpdomoinong mov Nrav ctovg 58 °C. T'a Tov HETAYPOAPIKO TTaPAyOVTOQL
NFATS ypnowomombnkav 0.4uM amd kaOe exkkvir kot 1 Oeppokpocio vppidonoinong
fitav otovg 57 °C yia 1 Aentd. To to Kras ypnowonomdnkay 0.4puM omd kdbe exkvien
Kot 1 Oeppokpacio vPprBomoinong frav otovg 60 °C yu 30 devtepdrenta. TENoG Yia TO
yovioro avaeopds GAPDH ypnowomombnkav 0.4uM oamd «dBe exkkvity xor 1

Beppokpacio vBpomoinong firav otove 57 °C yia 30 devtepdiento.

Mivakoeg 2.3. AAAnrovyieg EKKIVITAOV

Zgoyn Exkivit@v Alinrovyia (5°- 3%)

FWD: TCACCAGGATGCTCACATTTAAGT

IL-2 RVS: GAGGTTTGAGTTCTTCTTCTAGACACTGA

NFAT FWD: CAGAGGCCGGGGGTCAA
RVS: AGGGCTCTTCTTTACTCCAGTTCC

YY1 FWD: GGAATACCTGGCATTGACC
RVS: TCTTTGTGCAGCCTTTATGAG

Kras FWD: GGGGAGGGCTTTCTTTGTGTA
RVS:  GTCCTGAGCCTGTTTTGTGTC

GAPDH FWD: GGAAGGTGAAGGTCGGAGTCA
RVS: GTCATTGATGGCAACAATATCCACT

2.12 Antopévoron oikod RNA a6 TpmToyev) Aep@okvTTapO
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H amopdvoon olikov RNA amd ta Tp@toyevy AEUPOKVTTOPO TPAYLOTOTOWONKE e
ta avtidpaoctplo RNeasy (QIAGEN, Germany). Xvvontikd to KOTTOPO GUAAEXTNKOV LE
ovyokévipnon ot 1300 otpopég vy 10 Aemtd Ko otnv cuvéxew AvOnkav pe v
npocdnkn 600 ul RLT buffer yia kdOe 5 x 10° kottapa. Akodovdnoe opoyevonoinon tov
detypdtov pe ovpryya 20G ko mpootédnkav 600 pl 70% oBavoing. To deiypota
petapéptnkav oto €01kéG Kohwmveg tng Qiagen kot @uyokevipnOnkov otig 10000
oTpoPEC Yo 15 devtepodrenta £tol wote T0 RNA vo mapapeivel ota ed1kd giltpa Kot to
VTOAOUTO VAIKO va mepdoet. v cvvéyela mpootébnkav 500 ul RW1 buffer kot ta
detypata euyokevrpnOnkov otig 10000 otpopég v 15 devtepdrenta. AkoiovBovv 2
ovyokevtpnoelg pe 500 pl RPE buffer otic 10000 otpopég yo 15 dgvtepdrienta | mpdTn
Kot 2 Aemtd 1 devtepn. 1o téhog tpootébnkay 40 ul  dH,O katepyacuévo DEPC kot ta
detypata euyokevipriOnkay yw 1 Aemtd otig 10000 otpopég Yo va GuALEYTEL TO OMKO
RNA.

H ovykévipmon ko n kabapdtnto tov RNA mpocdiopictnke pe potopéTpnon o€
VIEPIDOES PACHATOPOTONETPO ota 260nm ko 280nm. H oakepordotnta o0 RNA

a&loroynOnke pe niextpodpnon ce 2% mKTdRUTOS oyapOlne.

Awrdpato amopdvemons RNA
e RLT buffer (QIAGEN, Germany)
e RWI1 buffer (QIAGEN, Germany)
e RPE buffer (QIAGEN, Germany)
o B-pepxamtoonfavorn (Sigma-Aldrich Chemical Co)
e DEPC (Sigma-Aldrich Chemical Co)
e dH,0 xatepyoaspévo DEPC
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2.13 Mikpocvstoryicg copminpopatikov DNA

O1 kpoovotoryieg copmAnpopatikod DNA mpaypoatonomdnkoy and v etoupio
Aros Applied Biotechnology (Denmark) ypnowomoidviag mAatQOpleg TG €Toupiog
Affymetrix ( Human Genome U133 Plus 2.0 Array) mov mepieiyav mévo amd 47.000
petdypapa copmeprappovopévev kot 38.500 yovidiov tov avlOpdTIvoL YOVISUDUTOG.
[T ovykekpipéva, ohkd RNA amopovodnke 8 dpeg petd v mposdnkn tov SEA and
avOpdmva Tpmtoyevi Aeppokittapa and ta oroia elyav agapedel o CD8 kdTTOpa pe
poyvntikd daywpiopd. Kotrapa mpoepydueva amd tov ido 60t KaAlepyndnkov oe
mAakeg 12 mmyoadwwv emimeong Paong (Costar). 6 mnydow mepieiyov KOTTOPO TOL
EMOACTNKAY LE ATOCOUATO OV £Pepay TO0 V3 menTidlo kot 6 myddte He KOTTOPO TOV
EMOACTNKAY e Amocouate yopig 1o mentido. Kdbe mnyaddxkt koaAlepyndnke o
emeepydotnre OpopeTikd pe amotédecpo va amopovenbel RNA and 12 dwpopetikd
myado. Yotepa ond gOTOUETPNON O VIEPUDOES PAGHOTOPMTOUETPO Kot a&loAdynon
g akepardtnto Tov RNA pe niektpopdpnon 3 detypota amo kabe mepimtmon pe
mocoTTo, TAVE omtd 1ug oTtdAOnke otV etopion Aros Yo TEPOUTEP® OVAALON.

Y10 gpyactnplo TG Aros mpaypatorombnke avdivon g modtntoag tov RNA
HEe NAEKTPOPOPNOT GE TNKTOUO ayopOlng Kol TV GUVEYEWD TPAYLLATOTOWONKE in Vitro
transcription Tov derypdtov RNA yo v mopaymynq peyaddtepng nocottog cDNA.
AxolovOnoce 0 VPG HOG TV pepPpavdy Kot 1) GVAAOYN TOV omoTeEAEcUATOV. Y otEpal
omd TNV KOVOVIKOTOINGN TMOV OTOTEAECGUATOV KOl TNV OTATIOTIKN OVOALON To

amoteAécaTo oTAAONKAY 6TO EpyaoTtnplo Lol pe OAa Ta OEOOUEVO OO TIG LETPNOELC.
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3. Amoteléouata
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3.1 Mehét ¢ emidpaon g V3 mepoyng tov HIV-1 ota T

KOTTOPO KOTE TNV OLEPKELD YEVIKEVUEVIC OVTLYOVIKNG O1EYEPONG
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3.1.1 Ewayoy

H poivvon and tov 10 HIV-1 yapaxtmpiletor and ) Babuaio anoien tov CD4
T xvttdpov mov odnyel otV ovAmTLEN TG EMIKTNTNG OVOGOTOMTIKNG OVETOPKELNG
(AIDS) (Clerici, Stocks et al. 1989; McCune 2001; Mohri, Perelson et al. 2001). Av kot 0
akping unyxavicpog erdrtoong tov CD4 T xkuttdpov eivor akdpo vmd dlepguvnon
(Roumier, Castedo et al. 2003) (Dockrell, Badley et al. 1999) (Petit, Arnoult et al. 2003),
N OLGAEITOVPYIO TOL OVOGOTOMTIKOD GLGTNATOG £xEl cLVOEDEL e TV eEapavion TV
un poAvouévav gvepyomotmpévov/avapvnotikov CD4/CD45RO T kvttdpov katd v
dbpkela ¢ acvpntopatikng eaong (Heinkelein, Muller et al. 1997; Sloand, Young et
al. 1997). Awdpopeg ukég mpwteiveg €xovv gumhakel otv maboyéveon tov wov HIV
(Akari, Bour et al. 2001; Gulow, Kaminski et al. 2005{Yang, 2003 #14; Yedavalli, Shih
et al. 2005), pe v yAvkompwteivn gpl20 tov UKoy QEaKEAOL VO EEPETOL OTL
Swdpaparilel Paocwkd poro ot peimon twv CD4 T kuttapov (Laurent-Crawford, Krust
et al. 1993; Ohnimus, Heinkelein et al. 1997; Krambovitis, Porichis et al. 2005).

Agdopévov 6tL 0 16¢ HIV poivver kotd mpotipnon ta evepyomomuévo CD4 T
kottapo (Rosenberg, Billingsley et al. 1997; Hazenberg, Hamann et al. 2000), kot n
Boaotkn Aertovpyic oVTOV TOV KLTTAP®V €ival vo. OAANAETIOPOVV UE ETOYYEAUATIKA
OVTIYOVOTIOPOVGLOOTIKG KOTTOPO, E£YOVUE TEPLYPAVYEL, GE TPOYEVESTEPES WUEAETEC, ML
dvoAettovpyion oV SodKAGIOL TNG GVIIYOVOTOPOVGIOONG TPOKOAOVUEVT] OO  UKEG
npoteiveg (Zafiropoulos, Baritaki et al. 2001; Zafiropoulos, Baritaki et al. 2001). ITwo
ovykekpléva, mn tpitn petapint) mepoyn (V3) mg  yAvkompwteiving gpl20, otav
Bpioketar oty emedveln evog HOKpOEAYoL, epeaviletor vo, GAANAETIOPE TOLAN(ICTOV
pe 1o vrodoyéa ynuetokvav CCRS evog amokpvopevov avapvnotikod CD4/CD45RO T
TPOKOAMVTAG VIOV EVEPYOTOINOT OKOAOLOOLUEVN OO oLENUEVO KLTTOPIKO OAvaTo
(Baritaki, Zafiropoulos et al. 2002). 115 cvykekpluéveg PEAETEG YPNOYLOTOMONKE TO
TOEOEWEG TOV TETAVOV MG OVOUVIOTIKO avTlydvo Kot emOpéVmg o mAnbuopdc tov T
KUTTAPWV TOV EMNPEACTNKAY OTO TO (QOIVOUEVO TEPLOPLOTOV OTO  CVOUVIOTIKA
CD4/CD45RO T kHTTap0 TOV TETAVOV PE [io TPpocdokduevn ovyvoma 1 ota 10° -10° T

KOTTOPOL.
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Av Kol M TPOGEYYION TNG EWOIKNG OVTIYOVOTOPOLGIOGNG TOV TETAVOL — TTOV
EMOPKNG Yoo vo  ovadeybel to @owvopevo Ttov V3 Kotd NV SGpKE NG
OVTLYOVOTOPOVGIOoNG, 1 YOUNAN cvyvotnta g anavinong tov CD4 T kuttdpov
neplopilloy TNV MEPOUTEP® UEAETN] TOL GCULGTAMOTOC Yo TN  OlEPELNON TV
EVOOKLTTAPIKAOV povomatidv Tov V3 eowopévov. Ilpokeyévov vo Eemepaotel 10
GUYKEKPIUEVO EUTOO10, EMAEEAE VO XPTOUOTOWCOVUE EVOL VITEP-OVTIYOVO TO OTOI0
ypnoyomotet tov TCR vrodoyéa kot £xet avapepBel 0TL evepyomotel peyaAdTEPO TOGOGTO
KUTTOPp®V HECH €VOG YEVIKOV yevdo-avtryovikoy ofuatoc. (Llewelyn and Cohen 2002)
(Proft and Fraser 2003)

[Mpwtapykds o©10x0¢ TG TOPOLGOG HEAETNG NMTAV VO UEAETNICOVUE  TIG
TOPAUETPOVS TOV KOVOLPYIOV TEPAUATIKOD LOVTEAOD Kol VO, SIEPEVVHGOVUE EGV TO V3
nentidlo eEaxoAovBel va Tpokalel KuTTaptKd BAvaTo enayopuevo amd evepyomoinon katd
TNV SLIPKELD L0G TTLO YEVIKELUEVNG evepyomoinong Tov T Aeppokvttdpov. [a tov okond
OVTO TPOYHOTOTOWONKOV TEPAUATO TOAALUTAAGIOCHOD TOV KVLTTAP®OV, (POIVOTVTIKN
avéivon tov vromAnbvucuov tov T kuttdpov, HETPNOELS OMOMTOONG Kol TEPAUATO
BeAtiotomoinong tov gawvopévov pe amopdkpuvon twv CD8 xuttdpov kot mposOnkn

wtepAevkivng 2.

3.1.2 Emidopaocn g V3 meproyg KOTA TNV SLAPKELD TIS UVTIYOVOTAPOVGIOONG

H mapodoa perlétn elxe oG o100 TNV OVIIKATACTOON TOV TETOVOELIKOV
povtélov oamd €vo Mo  YeEVIKELUEVO oNuo mov Ba odnyel otV  gvepyomoinom
neprocotepav T kuttdpov kat Ba datnpel mapdAinia to eowvopevo tov V3. T tov
oKomd avtd ypnoiponomdnke mn eviepoto&ivp A (SEA) mov mopdyston amd Tov
OTOQLAOKOKKO Kot gvepyomotel mepimov 25% tov T kvttdpwv(Hudson, Robinson et al.
1993; Li, Llera et al. 1999). H meipapotikn dwadikacioo TepIAApPAvEL TV ETMOACT TOV
KUTTAP®V [LE MTOCOUOTO TOL PEPOVY 1} OYL TO MOTENTIOW V3 6TV EMPAVELL TOVG £TOL
wote T V3 mentidia va tomofetnBohv otnv enpaveln TV LoKPOPAY®Y VOTEPO OO TNV
oLvVTNEN TG KLTTOPIKNG HEUPpavng pe to Amocouata. [lepduato mtoAAarAaciocon

TOV KLTTAPAOV LLE EVOOUATOOT padievepyoy Bupidivng oto DNA, édei&av 0t1 1 Tapovcia
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oV V3 TEnTIOI00 TNV EMPAVELD TOV HOKPOPAY®V KOTE TNV OEPKELN EVEPYOTTOINGONG LE
10 SEA, mpokdAiece eVIGYLUEVO TOAAOTANCIAGUO TV KLTTOPOV GE GUYKPLON WE TIG
KOAMEPYELG EAEYYOL TOVL EMMACTNKAV HE AMTOCOUATO YOPIS EMUPOAVEINKT] KAALYN
nentdiov (Ew. 3.1). Kottopoa mov dev emmdotnkov pe TV  €vigpotolivn dev
TOPOVCINGOV GNUAVTIKY EvEPYOTOinom kot 1 wapovsio Tov V3 dev giye xopio emppon
OTOV TOAOTANGIOCOUO TOV KLTTAP®OV. XVVETMSC, TO QOWOUEVO TOVL EVIGYLUEVOL
TOALOTAOGLOOHOD oV TpokoAel to V3 memtido Koatd v Sdpkew NG EWOKNG

OVTLYOVOTOPOVGTOoT G S10TNPEITOL KOl GTO KOVOUPYLO LOVTEAO LLE TO LVITEP-AVTILYOVO. .

60000 - 1) —e—cells

2) —O— Lipo(0)

3) —&— Lipo(V3)

4) —— SEA+ Lipo(0)
5) —m— SEA+ Lipo(V3)

50000 -

40000 -

30000 -

20000

10000 A

3H-Thymidine Incorperation (CPM)

DAY 3 DAY 5 DAY 7 DAY 9 DAY 11 DAY 13

Ew 3.1. Métpnon moALOTAAGLOGHOV TOV KUVTTAP®V PE EVOOUATMOOCTN PUOIEVEPYOV
Ovpdivng oto DNA. 1) Kvtrapa, 2) Kittopo etooaocpéve pg MTocOPAT. Y OPLS TO
V3 nentiowo, 3) Kuttapo erwaocpéve pe Mmoocopata mov gEpovy to V3 memtiono,
4) Kottopo enooopéve pe Mmoocdpato yopis 10 V3 nention, mapovsio Tov vrep-
atviyovov SEA ko 5) Kvtrapo enooopéve pe Aamoocopote wov @gépovv 170 V3
nENTION0, TAPOVGia TOV VTEP-aTVIYOVOL SEA. O TIpnéS avTImpoomnEVHOVY TNV TUTTIKY

amokion (= SD) and tpia aveCdpTnTa TEWPANOTE GE TPELS OLAPOPETIKOVS HOTEC.

O unyaviopodg evepyomoinong tov T kuttdpwv amd 1o SEA éykerton oty pun

ek mpdcdeon ¢ ToEivng pe TOo TAENG 2 popo ToL  KVPIOL  GLUTAGKOL
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otoovpPatotroag, mov  Pploketor  OTNV EMQPAVEW  TOV  EMOYYEALOTIKAOV
OVTIYOVOTIOPOVGLOCTIKMV KUTTAP®V, Kol LE TNV HETOPANTY TEpLoy g B-aAvcidag tov
vrodoyéa Tov T xuttdpov (TCR) (Champagne, Huchenq et al. 1993). H npdcdeon avty
€xel og amotéAespo v evepyomoinom oyt povo tov CD4 T xuttépov ALl Kot TV
CD8(White, Herman et al. 1989). Avti 1 00Tt TNG TOEIVNG £XEL APYNTIKEG EMMTMOGELS
oTNV HEAETN TOL PAVOUEVOL AOYO TOL OTL To V3 @awvopevo £xet mapatnpnbei povo ota
evepyomompéva CD4 T kidtrapa kot Oyt oo CD8. I'Y’ avtd 10 okomd ta CD8 xvttapa
OTOLOKPOVONKAY pE HayvnTIKO Sloy®PIGHO TETVYAIVOVTOG EUTAOVTICUO TMV KLTTAPWOV
pe CD4 xbtrapa (mepinov 80%) (Ewc. 3. 2 A). Metd and endoon pe v eviepotolivn
10 1060610 TV T kuttdpwv ayyilet to 90% pe to CD4 va anotehovv mepinov 10 85%

(Ew. 3.2 B).

E 100 - A .gx
= a0 - ]
= 80 -
& 701
£ 60
5 504 I
9 40 1
= |
= 30
=20
& 101
S , [
PBMC MACS
= 1001 B mcoe
L a0 A CO4-COG
“ 80 I
= I
5701
(e ]
& 60
=1 50
s
[Z 40
& 30 o
& 201
£ 10
0] T
CELLS SEA

Ew. 3. 2. A) ®awotvmiki] avdivon tov CD4 kov CD8 kvttapov og meprpepika
povomvpnve  kvtrape Tov aipatogc (PBMC) mpwv kor petd omé poyvintiko
owyopiopdé (MACS). B) ®awvotvmikn avaiven tov CD3 kor CD3/CD4 kvttdpmv

RETA OO payvITIKO SLu®PLoPo vd TV mapovsia 1| Oyl Tov vagpavtiyovov SEA.
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Ov Tpéc avTmmpocsmTELOVY TV TLVMIKN amdkien (= SD) amd dvo aveCaptnra

TEPAPRATO, 6E 0VO0 OLUPOPETIKOVS OOTEC.

H amopdxpvvon tov CDS kuttdpov giye og amotéleoua v PeATioTonoinor tov
(QOVOUEVOL 0OV 1M SLAPOPO. TOV TOAAUTAAUGIOGHOD TOV KLTTAP®V OV EXNWACTNKOV LE
10 V3 o€ ovykpion pe Tig KOAEPyEleg Edeyyov €xet avéndet ( Ew. 3. 3). Emouévac, yio
va pedetnOel ektevéotepa 0 V3 @ouvOUEVO GTO in vitro GOGTNUO Kol Vo dlepevvnovy
T EVOOKVTTAPIKG LOVOTATIO TOV EUTAEKOVTAL GTNV EVICYLUEVN gvepyomoinon twv CD4

T xvttpov elvar emtoktikn n aropdkpovvon tov CD8 T xvttdpov pe poyvntikod

S @PIGHO.
W LIPO (0)

30000 - LIPO (V3)
25000 4 I
20000 -
15000 - I

10000 -+

5000 -

0 -
PBMC MACS

Ew 3.3. Métpnon morlAomA0cLOGROD TEPLPEPIKAV HOVOTUPNVOV KUTTAP®OV TOL
aipatog (PBMC) ko peta amd poyvntiké swyopiopd (MACS) onog petpndnkav
pe evoopdtmon padievepyov Qopdivng oto DNA. Ta kOTTOPO ETOAGTNKAY PE TO
vaep-avtiyovo SEA, mapovoia i 61 Tov V3 aeatidiov. O Tipég ametkovilouv Tig
RETPNGELS KATA TNV NUEPO PE TO PEYIGTO TOAALUTAOGCLUCUO KOl GVTUTPOCOTEVOVY
™mv TtumKy omokhon (= SD) omdé tpio ave€dptnrte mEWPOpOTO OF TPES

OLLPOPETIKOVG 0TEC.
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3.1.3 Métpnon g anomtoons Tov T kuttapov

H evioyvpévn evepyonoinon tov TOAAATAAGIAGHOD TV KLTTAPWOV TOL TPOKOAEL
10 V3 mentidto axolovbeite amd o amdToU HEI®mON TOV TOAAATANGIAGIOV 1) OTTOI0 GE
UEAETES TOV TETAVOELIKOD GLOTNHOTOG £lxe amodobel oe awénuévo Kuttapikd Bdvato
AOyo amdntwong. o va peletnoovpe Tov KLTTOPIKO BAVATO GTO TEWPAUATIKO HLOVTELOD
TOV LREPAVTIYOVOL, TPOAYLATOTOMONKE OVOAVOT TOV KVTTAP®MY GTOV KLTTOPOUETPNTN
PONG XPNOYOTOIMVTOS annexin-V, g OmOTTOTIKO HOPTLUP, Kol 11000 TPOMId0 MG
vekpoTikO poptupd. H annexin-V eivon pia pBopilovsa ovoia mov €xel v 101010 VL
TPOGOEVETOL GE POPLL POSPATIOLAOGEPIVNG, N omoio &ivan €va POGEOMTIO OV
e€épyetal oV eEMTEPIKN EMPAVEIDL TNG HEUPPAVNIG TOV KVLTTAPOL KOTO TO TP
OTOTTOTIKA GTAd. To 1031000 TPomidlo £xel TNV 1W1OTNTO Vo TPocdévetal 6to DNA
TOV VEKPOTIKOV KLTTAP®V OTOL 1 TAAGHOTIKY HeUPpavn €xel amodtopyavmbel wot
Kkaf1otd dvvat) TV €16000 TG ovcing oto KOTTapo. Emopévamg, kKittapa mov paivovrol
OTOV KUTTOPOUETPNTN PONG VA €ivOl ONUAGUEVO KOL HE TNG OV0 YPOCTIKES ATOTEAOVV
VEKPOTIKG KVTTOPO EVAD OWTA oL gival onuacpéve pe v annexin-V omotelodv to
OTOTTMOTIKA KOTTAPO.

Ta amoteAéopota tov perpnoewv £oeiCav 0Tt 10 V3, mapovcio tov SEA,
TPOoKaAel QVENUEVO TOCOGTH OMOTTOTIKMOV KVTTAP®OV GE GUYKPION UE TIC KAAMEPYELES
éleyyov (Ewk. 3.4). Ta avénpévo moGooTd TOV OMOTTOTIK®V KVTTApwV, eEottiag tov V3
TENTIHI0V, TAPUTNPOVVTAL TIG YPOVIKES TEPLOGOVS TOL TOPOLGLALETOL 1| ATOTOUN UEIWON
TOV TOAAOTAAGLOGHOV TV KLTTApwV (Ek. 3.1) yeyovdg mov amodeikvieL OTL 1| AmdTOUN
EMITTOON GTOV TOALUTAOGIOCUO TOV KUTTAPWOV OQEIAETE GTNV EMAYWYN TNG OUTOTTOGCNC.
2116 KOAEPYELEG TTOV OV TPOoTEDMKE N TOEIV, TOL TOGOGTA TOV AMOTTOTIKAOV KLTTAP®V
elvar petwpéva kol n tapovsion tov V3 mentdiov dev mpoxkaiel évrovn andmtmon. Ot
CUYKEKPYEVEG TOPATNPNONG EPYOVIOL GE GLUE®VIOL HE TO OTOTEAEGUOTA TOV
TETOVOELWOIKOD HOVTEAOL KOl EVIGYVOVV TO  MPOTEWOUEVO HOVIEAO TOL KLTTOPIKOV

Bavdrtov emaydpevo amod evepyomoinon ( AICD).
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Ew. 3.4. Kwntuki] avaivon g an0nTOoNns TEPLPEPIKAOV HOVOTVPNVAOV KVTTAP®V
TOV GIPOTOS META OO payvinTIKO Swuympiopd. Ov peTpnoeg mpaypatomomnkay
OTOV KUTTOPONETPNTI] PONS YPNOLUOTOLOVTOS annexin-V Kol 1wdovyo wponiowo. 1)
Kvtrapa, 2) Kotrapo enooocpéve pe  Mmocopote yopls to V3 memtiowo, 3)
Kvttapa enoaopéve pe Mmocopato mwov @épovv to V3 memtiowo, 4) Kutrapa
EMTMOOUEVE NE MTOGONATE YMPIS TO V3 mentiolo, Tapovsio TOv LVAEP-TVIYOVOL
SEA xm 5) Kvtropo eroocpéve pe Mmocopata wov gépovv 10 V3 memtiouo,
napovcia. Tov vEeP-aTviyovov SEA. Ov TIpéS OvVTITPOGOTELOVY TNV TLTIKY

amokion (= SD) and Tpio aveCdpTnTo TEWPANOTE GE TPELS OLAPOPETIKOVS OOTEC.

3.1.4 ®awotvmiki) avdivoen tov CD4 T kuttdpmv

Ye o mpoomdfela vo LeEAETIGOVE TOVG bTomAvOncpovg tov CD4 T kuttdpov
mov  emmpedlovior  amd 1O V3 QavOUEVO  TPOYHOTOTOWONKE  QOIVOTLTIKOG
TPOGOOPIGUOG TPOTOYEVAV TEPIPEPIKMY KLTTOP®V UE KVTTapoueTpio pong. H pétpnon
Eytve TNV MUEPA HE TNV UEYIOTN €VEPYOTOINoM Kot M ovdivon €0eie OTL 0 KVPLOG
vromAvOnopnog tov CD4 T kuttdpwv mov ennpedleton TepiocoOTEPO amd t0 V3 mentioo
elvar ta tputhoBetikd CD4/CD45RO/CCRS. O @ouvotumog avtdg OvTIoTOlXEl oTa
evepyomompéva CD4 T kdtrapa mov eépovtat va gival 0 KOPLog KVTTapikodg TANBVGHOG

ov emnpealetar kotd v HIV-1 péivvon omv acvpmtopotikny ¢dacn (Rosenberg,
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Billingsley et al. 1997) (Hazenberg, Hamann et al. 2000). H mopovcia tov V3 o¢
GLVOVLAGUO LE TNV EVEPYOTOINGT TOV LTEP-OVTIYOVOV TPOKAAEGE UEYOADTEPN aHENOT
0V 10606ToL TV CD4/CD45RO/CCRS T kuttdpov e GOYKPIOT UE TIG KOAMEPYELES
eréyyov (Euc 3.5 A). AvtiBétwg mopatnpeitar peimon tov mocoostov tov CD4/CD45RO
KUTTAP®V 7oV PEPOVV oTNV emipdveln Tovg Tov vrrodoyéo CXCR4. Eivar a&loonpeioto
ot mepimov 20% twv CCRS T kuttdpov gépovv eniong kot tov vrodoyéa CXCR4 (Ewk.
3.5 B). To pawvopevo avtod €xet mopatnpnbet oe mponyoOUeveG LEAETEG e TNV oNUEiwON
6t ) mhetoymeio Tov CCRS™ T xuttdpmv ekgpdlovv kot tov CXCR4 vrodoyéa (Roy,
Schweighardt et al. 2005). Eivat yevikd amodeytd 61t o vmodoyéag CXCR4 amavtdtol
Kuping ota mapbevika CD4 T kdtrapa evdd o CCRS oe gvepyomompevo/ovopvnotikd T
kottapo (Bleul, Wu et al. 1997) (Maier, Bartolome-Rodriguez et al. 2000). Eropévag,
po mhovn eENynom TV amoTEAEGUATOV Eval OTL 1] GUVOTTAPEN TV SVO VITOSOYEWMY GTA
CD4 «ottopa evogyouEVMG Vo TEPLYPAPEL £Vl LETAPATIKO GTASIO0 EVEPYOTMOINONG TMV

napOevikov T KuTTApOV GE EVEPYOTOMUEVOL.

>
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Ew. 3.5 A) ®awvotomiki] avaivon Tov vrodoxiov ynpeokivaov CCRS kot CXCR4
og CD4/CD45RO T kvttapo ypnoiponot@dvrag Kotrapopetpio ponc. B) llocostiaia
Kavovikormoinon tov CD4/CD45RO vromivOnopov. CD4 T kiotTrapa aropovednkay
pe poyvntiké owympiopd (MACS) kor cuv-kKeAepynOnkay pe povokVTTOPE TOL
amopovadnkav and 10° PBMC NE EMAEKTIKN TPOOKOAANON oTN 6TEPEd Paon. Or
RETPNGELS TPAYLATOTOUONKAY TNV YPOVIKI] OTIYUN] NUE TO HEYLOTO TOAALOTAOCLOCNLO
kuttapov. O Tipés avrimpoconevovy TV TVMIKY omdékion (= SD) amé tpia

aveEapTNTO TEPANATE GE TPELS OLAPOPETIKOVS OOTES.
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Emumhéov pavotumikég peléteg mpoypatomombnkay pe okomd vo depguvnbei n
nocootwon twv CD4/CD45RO/CD25 T kvuttdpov. O empavelakog paptopog CD25
OVOQEPETAL  OTOV LIOJOYXEN TNG WWVTEPAEVKIVIG 2, KOl 1 €KOPACN TOV AVEAVETOL OTO
evepyomompéva T kdtrapa. Ta amoteléopata g eikdvag 3.6 deiyvouv 0Tl ETOACT TOV
KUTTAPWV UE TO VEP-aVTIYOVO Ko To V3 Temtido elye g amotélespo TV adENcn Tov
nocootov twv CD4/CD45RO/CD25 T kuttdpwv oe cOykplon pe ta KOTTOPO TOL
enmdoKay pe Avrooopata yopic to V3 mentido. Epdcov adénon tov mocooton tev
KUTTAP®V TTOV PEPOLV TMOV GLYKEKPLUEVO LITOOOYEN OVTIGTOWEL 6 aLENUEVO TOGOGTO
EVEPYOTOMUEVOV KVLTTAP®V TOTE TA GLYKEKPUEVO OMOTEAEGUOTO eMPERatdvovy TV
W To T0V V3 mentidiov va mpokadel Evrovn evepyonoinom tov CD4 T kuttdpmv katd

TNV SLIPKELD TNG AVTLYOVOTAPOVGIOOTG.

< 70-
< 70 W LIPO (0)
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Ew. 3.6 Kivntikn] @awvotvmiky) avdivon tov vrodoyéa wreprevkivig 2 (CD25) o¢
CD4/CD45RO T kittopa ypnolpomoldvTas Kuttopopetpio pons. To kvrtrapa
ETMASTNKOY pnE To VIeP-avTyovo SEA, mapovsia 1 0y Tov V3 wentidiov. O Tipég
OVTITPOGMOTEVOLY TNV TUVTIKI andkiion (£ SD) and dvo avedptnro mewpapate o€

000 OL0POPETIKOVS O0TEG,
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3.1.5 Merétn g emidpaong TGS LVTEPAEVKIVIG 2 6TO Qarvopevo Tov V3

[Tpoxeévou va LEAETNGOVILE TEPALTEP® TO POLVOLEVO KOL VO KATOVOT|GOVLLE TOV
pnyoviopd  maboyévelng tov V3 katd TV OdpKEW NG  OVTIYOVOTOPOVGIOoNG,
Tpoypatomombnkay mepdpate mopovsio wrepeAvkivng 2, 1 omoia mpootédnke ota
KOTTOPO dVO PEPES TPV TNV TPocHN K™ Tov vVep-avtrydvov. H IL-2 &xel mapatnpndei 611
avEAveL TV €KPpacn Tov vtodoyEa ynueokvav CCRS ota Thl kdtrapa kot e1dikdTepa
oe eketva mov €yovv evepyomomBei amd avtryovo (Loetscher, Seitz et al. 1996; Yang,
Tomura et al. 2001). O vmodoyxéag CCRS givar 10 kOpo yoapaktnpiotikd twv Thl
Aeppokvttdpov kKo exepaletar oto CD4/CD45RO T wottopo pviung mov givor o
KOp1og mAnbvoudg mov emnpedleton and to V3 powvopevo (Loetscher, Uguccioni et al.
1998). Ta amoteléopata €£dei&av OTL M Topovsio TG wrepAevkivng Peltimoe v
emppon Tov V3 6ToV TOALOTANGIOGHO TV KVTTAPWOV GE GUYKPION UE TIG KAAAEPYELES
eréyyov (Ew. 3.7A). [Mopopoimg, petpnioelg andntmong pe v yxpron annexin-V kot
1O100Y0L TPOTIdiov, £deEav OTL 1| TPOoHNK™ TNC wTEPAELKivNG 2 abENCE TO TOGOGTO
TOV UTOTMTOTIKOV KLTTAPWOV TOL TPOKANONKe amd ta V3 mentidio Katd v ddpkelo g
avtryovorapovoioong (Ew. 3.7B). Ta aroteAéopata ovtd vtodnAdvouy 0Tt 1] TOPOoLGio
™G wviegpAevkivig 2 Peltiotomoince 10 @owvopevo tov V3 katd v ObpKew Tng

QVTLYOVOTOPOLGIAoNG.
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Ew. 3.7. Mehétn ywo TV gmppon TS wrepievkivig 2 610 V3 @arvopevo vwo tnv
ermpon} tov SEA. A) Métpnon moAAOTAGGLOGHOD TEPLPEPIKAOY HOVOTUPNVEOV
KUTTAP®V TOV 0ipaTog VOTEPU OO PAYVITIKO Soympiopd 0memg peTtpnOnkav pe
gvooudtmon padievepyod Ovmdivig oto DNA. B) Kiwvntikny avdivon g
OOTTTOCNS GTOV KUTTUPOUETPNT] PONS YPIOIUOTOLAOVTOS annexin-V Kol 1wo1ovyo
aponiow 1) Kvtrapa ermwaopéva pe Mmocopata yopis to V3 nentiowo, 2) Kutrapa
ETMOOUEVE PE AMTOSONOTO TOV PEPovy To V3 memtiowo, 3) Kitrapa erwaopéva pe
Mmoocopata ympic 1o V3 mentiow, mtapovsio Tov vaegp-atviyovov SEA ko IL-2 ko
4) Kittopo enoaopéve pg Mmocopate wov eEpouvy 10 V3 TEnTioo, Topovsia Tov
vagp-atviyovov SEA ko IL-2. O Tipéc avrimpoommedovy TNV TVmIKY andkAiion (+

SD) am6 Tpia aveEapTNTO TEPARATO OE TPELS OLAPOPETIKOVS O0TES
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Me okomd va diepevviicovpe ektevéotepa Ty emidpaorn g IL-2 oto V3
QowoOpEVO, TpaypotomomOnkay peAéTeG amovoio Tov vmep-avtiyéovov. H IL-2
napdyeton kupiog amd ta Thl T Aeppokdtrapa 6tav avtd evepyomomBovv and avtrydovo,
Kot 1 mpdcsdeon g otov vmodoyéo CD25 onuatodotel tov TOAAUTAAGIOGUO TMOV
KUTTAPWV. METPNOES TOALATANGIOUGHOD TV KLTTAP®V £3€Eav OTL TAPOoLGio TNG
wtephevkivng 2, to V3 mentidlo mpokAAese EVIGYVUEVO TOAATAACIAGUO TOV KLTTAP®V
oe oOykplon pe T kaAMépyeteg eAéyyov. Ta amoteAéopota g ewovag 3.8A delyvouv
OTL M wrepAevkivn 2 mpokoAel GUVEYT TOAATAACIOAGUO TOV KVTTAP®OV Y®PIC VoL LITAPYEL
amoTou”n EAATTMON, v avtifécel pe To TPoPil Tov moAlamiaciacpol e&attiog Tov SEA
OOV TOPATNPNONKE EVIGYVUEVN EVEPYOTOINGOT TOV KLTTAP®V 0KOAOLOOLUEV AT
amOTOUN EAATTIMOON TOL TOAAATAOGCLOGUOV. X meEpdpata mov oaeapédnkav ta CDS8
KOTTOPO. HE HOyVNTIKO Oloy®Popd, O TOALOTAAGLOGHOG OV TPOKANONKE omd v
napovoia Tov V3 evioybnke, 0nmg ko oty mepintwon tov SEA (Ew 3.8B). Emiong,
HETPNGELS TOV TOCOGTOV OMOTTOTIKMY KLTTAPWV £de1&av 0Tt 10 V3, mapovsio g IL-2,
TPOKAAEL LEYAAVTEPO TOCOGTO AMONTMOTIKAOV KVTTAP®V GE GUYKPIOT UE TIC KAOAMEPYELES
eléyyov. ITopdia ovtd m Opopd avt dev €ival HEYOAN KOl TO. TOGOCTH TWOV
OTOTTOTIKAOV KVTTAPWOV OV TOPOLGLALovy avénon o€ GuvapTnon LE TIG NUEPEG O
OGULVEPN e TO TEWPAUATA TOV VTEP-OVTLYOVOU.

SOUTEPUAGUOTIKA, TOPOAO TOV TO GO, EVEPYOTOINGNG TOV OIVEL 1] IVTEPAELKIVN
2 ota kotTOpa oiveror vo dtatnpel To V3 powvopevo, 1o péyebog tov atvopévou dgv
elvar Opolo pe TO ONUO NG avtryopomapovsioons. Emopéveg, umopovue va
ooumepdvovpe OTL M wrtephevkivy 2 dwdpopotilel KAmowo pOAO GTO  PNYOVIGHO
naboyévelng tov V3 aAhd mapoAd avTd eivol amopoitnTa To, EVOOKLTTUPIKG LOVOTATIOL
OV EVEPYOTOLOVVTOL KOTA TNV SIAPKELD TNG CVTIYOVOTOPOVGIOGNG Yo Vo Tapatnpnoel
10 V3 @ovopevo g £vtovng evepyomoinong mov 0dnyel € avEnNRéEVo KuTTapikod Bdvarto

twv CD4 xuttdpov.
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Ewk. 3.8. Merétn 1o v emppon] g wreprevkivig 2 610 V3 garvopevo amovcia
Tov vepavTiyovov SEA. A) Métpnon moALATAAGLOGHOD TEPLYPEPIKAY HOVOTVP VOV
KUVTTAPOV TOVL aipoTog PETA 0m0 PoyvVNTIKO Owuyopiopd 6mmg peTpiOnkav pe
gvooudtmon padievepyod Ovmdivic oto DNA. B) Kiwvntmikny avdivon g
OOTTTOONS OTOV KUTTUPOUETPNT] PONS YPIOHOTOLAVTOS annexin-V Kol 1»wolovyo
aponiow 1) Kvtrapa ermaopéva pe Mmocopata yopis to V3 nentiowo, 2) Kutrapa
ETMOONEVE PE AMToocONOTO oL PEpovv To V3 memtiowo, 3) Kitrapa erwaopéva pe
Mmoocopatae ympis To V3 mentiow, napovoia IL-2 ko 4) Kdtrapa erwacpéve pe
Mmooopatae Tov eEpovy 10 V3 mentiono, mapovoia IL-2. O tipéc avrimpoommedovy
™V Tkl anokion (£ SD) and V0 aveEdpTnTe TEWPARATE GE VO OLHPOPETIKOVS

00Teg

3.1.6 Merétn g emidpaong TG wvreprevkivng 4

H wrephevkivn 4 mopdyetor and toug Th2 kuttapikovg vromAlvdnopote dtav

avtd evepyomombBovv amd kdmowo ovriyovo. H mpdcdeong g wrephevkivng pe tov
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aVTIGTOLYO VTTOJOYEN EXEL OC OMOTEAEGLOL TV EVEPYOTOINOT KO TNV O10LPOPOTOiNGCT TOV
napBevikov T kvttdpov oe Th2 wottapa. [epopotikés peléteg 6mov mPpmTOYEVN
KOTTOPO. EMOACTNKAV UE vTEPAELKIV] 4 Kol Aumocopato Tov GEpovy 1 Oxt 0 V3
TENTIO0 YOPIg avtryovodieyeptikd epébicpa, €6ei&av 01t T0 Qoavopevo tov V3 dev
dwnpeitat. ITo cvykekpéva, 0 TOALUTAAGIOGHOG TOV KLTTAP®V TOpovcio. Tov V3
TeNTIO0L 0V Sl0PEPEL GE GUYKPION UE TOV TOAAATANCIOOUO TOV KLTTAPOV OTIG
kaAMépyeteg eréyyov (Ew. 3.9). To amoteléopota avtd emPePoatdvouv TIG OpyKES

TapoTPNoEl; 6TL 10 V3 @avopevo tapatnpeite povo oto Thlkdtropa.

Sl A 1—e—LIPO (0

2500 | 2} LIPO (V3
3)——LIPO (0) + IL-4
4)—=—LIPO (V3) + IL-4

2000

1500

1000 -

500 +

3H-Thymidine Incorperaticn (CPM)

DAY 3 DAY 5 DAY 7 DAY 9 DAY 11

Ewk. 3.9. Métpnon moALOTAOGLOGHOV TEPLPEPIKAOV HOVOTUPNVOV KVTTAPOV TOL
0ipoTog METE OO POYVITIKO OwWyMPopd Omemg peTpfidnkoav pe evoopatoon
padevepyov Qupdivng oto DNA. 1) KVttopo enmacpéve pg MTocoONaT. Y OpLws To
V3 nentiowo, 2) Kottapo ermaocpéve pe Mmoocopate mov gEpovy to V3 memtiono,
3) Kitrapo enoaopéva pe Mmocopota yopig to V3 neationo, napovsio IL-4 ko 4)

Kvtrapa enowaopéve pe Mrocodpato wov Epovv to V3 nentidono, mapovoio 1L-4.
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3.2. Melét ¢ aAdnAenidopaonc tov V3 mentidiov pe tovg

VTOJOYEIC TOV KLTTAPWV
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3.2.1. Ewayoyn

[Moporo tov OTL TPONYOLUEVEG UEAETEG amO TNV OUHAdO HoG EXOLV dei&el OTL TO
RANTES, to omoio givar 0 puolohoyikog decpentig tov vrodoyéo CCRS, eunddice 1o
V3 powodpevo ko emiong peréteg mov mpaypoatonomdnkav pe SPR ( Surface Plasmon
Resonance) é6ei&ov 01t 10 V3 memtido oAAnAemidpd pe ovvheTikd memTIOW TOV
QpVOTEAMKOD AKpov Tov vmodoyéa ynuewokwvav CCRS, dev vmipye kapio dpeonm
TOPOTPNON TNG CAANAETIOpaoT G 68 KLTTaPIKO eminedo. Emopévmg, mpaypatomodnkoy
peréteg pe V3 ovvBetikd mentidwn onpacuéva pe ehopilovra popio FLUO (Fluorescein)
v va dtepevvnOei 1 GAANAETIOPOGN S TOV TEMTIOIOL TOGO GE TPOTOYEVN KOTTOPA OGO Kot

0€ KUTTAPIKEG GEPEC.

3.2.2 AMnieniopaon V3 TEXTIOIMV PE TPMOTOYEVI] KOTTAPO,

H oMnieniopaocn tov V3 memtidiov pe ta kdtrapo elxe deyybel éppeca oe
TPONYOVUEVEG LEAETEC IOV TTEPIEYPAPAY TNV EMLOPAUCT TOV V3 GTOV TOALATANGIOGHO KO
mv anomtoon tov T kuttdpov. Me okomd vo TopoTnpnoOVLUE Aueso TNV
aAAnAentiopaon tov V3 mentidiov pe TpmToyevn KOTTAP, £YIVE QOIVOTLTIKY OVAALGN
0€ MEPLPEPIKE LOVOTUPTNVE KOTTOPO TOV OPLOTOG T OTTOi0 EMMACTNKAY 1e V3 cuvheTiKa
nentidw onpacpéva pe ehopifovia popre FLUO. H avélvon pe kuttapopetpion pong
£0e1ge 011 10 V3 adAniemdpd pe 6Aa ta T xottapa (CD3) mov amotehovv mepinov to
80%(Ew. 3.10 A) tov xuttdpov kabng emiong kot pe 6ha ta CD4 xor CCRS5/CD4
kotrapa (Ew. 3.10 B) dedopévov 611 avtd amoterovv mepinov to 40% Kot to 10% tov
KUTTAPWV aVTIOTOL(0. ZVVETMG, T0 V3 menmtioo @épetor va oAANAEmOpa pe OAa too T
KvtTapa, Toco to. CD8 6co kot ta CD4, kabdg eniong kot pe to cvhvoro twv CD4/CCRS

T xotTapa.
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Ew. 3.10. ®awotvmki avdivon TpoToyevay KVTTapov enmacpéve pe V3-FLUO
aentiown. A) CD3 T kotrapo onpeopéva pe V3-FLUO mentiown 6€ o10.Q0opeTIKOVS
1povovg enwaocng B) CD4 kaw CCRS T kvttapa onpacpéve pe V3-FLUO mentiow
TaPOVSia Kol amovsia vep-aviryovov SEA. O Tipég avTimpoommedovy TV TUTIKY

anmokion (= SD) amd dvo aveEaptnTto TEPANATE 6E 300 OLAPOPETIKOVS OOTEC.

3.2.3 Alnreniopaon V3 TEXTIOIMV PE TOVS VTOO0YEIS YNUELOKIVAOV

Mo va emPefordoovpe v aAinieniopacn tov V3 mentidiov pe tovg vwodoyelg
wpeokvov CCRS ko CXCR4, ypnopomomnkav cuvBetikd mentidw V3-FLUO ko
MUC-1-FLUO (mentidw édeyyov). Ta mentidia enmwdomkay pe emBniokd KOTTopo e
Kuttapikng oepdg U7 ta omoia tav dtapoAivopéva pe tov vrodoyéa CD4 (kodMépyeia
EAEYYOV), Kol HE KVUTTOPO OlpOALGUEVE pE Tov vTodoyéa CD4 kot Tovg LTodoyEis
wnuetokivov CCRS ot CXCR4. Ta «kdttapo mopatnpndnkov oTo  GLVEGTIOKO
HKPOCKOTIO Kot To amotelécpata £de1&av 0Tt 10 V3 TenTidoo oAANAETIOpA e KOTTOPO
dwaporivopéva pe tov CCRS kar tov CXCR4 vrodoyéa oAk Oyt pe kTTOPO TOV £ivorn
dwpoivopéva pe tov CD4 vrodoyéa (Ew 3.11). Ev avtiBéoer ta MUC-1 mentiow
OAANAETOPOVV e OAES TIC KVTTAPIKEG GEWPES aveEOPTNTMOS EXLUOAVLVONG Kot 0 POOPIGHOG

toug evromiletoan Kvpiwg otov mopnva. To amoteAéspota VITOdEKVHoLY 0Tl T0 V3

WCELLS
SEA
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TENTIOW0 TPocdéveTanl Kupimg pe tovg vrodoyeic ynuelokivaov CCRS kot CXCR4, evo

OTOVGI0 TOV CLYKEUEVOV VTOOOYEWMV 1] TPOGOEST GTO KOTTOPA EIVOL TEPLOPICUEV.

U87-CD4-CCRS U87-CD4-CXCR4 U87-CD4

Ew. 3.11 U87 xitrapa Swuo)mcusva pe Tov vrodoyxfo CD4 (kaiMépyera EAEYYOV),

V3-Fluo

MUC-1- Fluo

Kol pe tovg vwodoyeic ynuewkivaov CCRS ko CXCR4, enwdaotnkav pe V3 ko
MUC-1 ovvOetikd nentiown onpacpéva pe @Bopilovra popro FLUO. Ta xkottapa

nopaTNPNONKAY 6€ CVVESTIOKO PIKPOOoKOTLo pe TNV péBodo Nomarsky.

3.2.4 Ileypdpota avaotois Tov V3 garvopevou

H aAAnienidpaon tov V3 mentidiov pe tov vmodoyéa ynuetoknvav CCRS €yet
onydet Ot givar 10vTikng eVoemg Adyo tv Betikd @opticuévav apvoéémv tov V3
TENTIOOL KOl TOV OPVNTIKA POPTICUEVOV CpIVOEEMY 6TO apvoTeMKO dkpo tov CCRS
(Baritaki, Zafiropoulos et al. 2002; Galanakis, Spyroulias et al. 2005; Morikis, Rizos et
al. 2007). Avt] n WOTTa Tapovcldlel TEpAoTIO PloAoyikd evOlLPEP®V Aoy gival
BeopnTikd QKT M YpNon BeTikd Kol apVNTIKE QOPTIGUEVOV OVGUDV HE CKOTO TNV
OVTOYOVIOTIKY TOpeUTOOIon ™S aAinienidpaong tov V3 pe tov CCRS vrodoyéa won
EMOUEVAS TNV OVOGTOAN TOL V3 patvouévov.

Mo tov oxomd avtd ypnoipormomdnkav cuvheTikd mentiow g V3 meployng mov
ogpovv 1 ko 9 Betikd popticpéva apvoséa. Ta KOTTOPU ETOACTAKOV UE AMTOCOUATO
OV PEPOLV M O)L T0 V3 TENTIO0 KOl GTNV GLUVEYELD TPOSTEOMKAY 1) evtepoTo&ivn Ko Tal

VOOTOJAVTE GVVOETIKA TTEMTIOWL 08 TPELS dPopeTIKES cuykevipmoels (1, S0 kot 100
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ng/ml). Ta amoteréopata £de1i&av 0Tt To cuvBeTIKG emtidw pe 1 BeTikd apvoly dev
OAVEGTEILAV TOV TOALOTAOGLOGUO TOV KLTTAP®V 1OV TPOoKANOnke amd to V3 oe kapia
amo TG Vo depedivnon ocvykevipwoelg (Ewc. 3.12 A). AvtiBétwg, to cuvheTiKd mentidia
pe 9 Betikd apvo&éa avESTEIMOY OMOTELECUATIKA TOV TOAAUTAOCIOGUO TV KLTTAP®V,
pe v ovykevipwon tov 50 ng/ml va mapovoidlel v peyaivtepn avaotoin (Ewc. 3.12
B). Ta V3 mentidw mov ypnopomombnkoy yio Ty ToPACKELY] TOV AMTOCOUATOV TO.
oToi0. TPOKAAOVV TNV EVIGYVLUEVT EVEPYOTOINGCT TV KLTTAP®V KATH TNV TPOSHNKN TOV
SEA, éyouvv 5 Oetikd oopticpéva apwvoléa. Emopéveg, ta amotedéopoto mov
anewoviCovtor omv  €wkéva 3.12 I, evioyvovv Vv TopaTRpNON TIG 1OVTIKNG
aAANAentidopaong tov V3 pe tov vmodoyxéa agolh cuvvletikd memtidn pe 9 Betikd
QOPTIGUEVO, OUIVOEED OVAICTEAAOLY TO QAVOUEVO TOV V3 amOTEAEGULOTIKOTEPO OO TO

ovvOetikd mentiow pe 1 BeTikd apvod.

= so000 I —+— Contral
O 45000 —0— V3(+1) 50ng/ml
£ 40000 —&— \/3(+3) S0ng/ml
. . . E 35000
Ciontral WV3{+1) Tngimi V3 +1) Singiml W31} 100ngim ?E]_, 30000
2 25000
S 20000
B g
5 15000
g 10000
I £ 5000
- 0
oL DAY 3 DAY & DAY 7 DAY 9 DAY 11 DAY 13
I
Condral V3(+9) 1ngiml V3{+9) S0ng/ml W3{+9) 100ng/ml

Ew. 3.12. [Iepapoto avtayovieTIKNG 0vOoTOAS pE ovvleTikd memtioww g V3
aepoyns mov @épouov 1 (A) ko 9 (B) Oetikd @opticpéve apvoééo o€ TPELS
ora@opeTikéS ovykevrpooelg (1, 50 kot 100 ng/ml). I') Zoykpion g 0vacTOANG TOV

aenTidiov pe 1 kot 9 Oetikd gopTicpéve apvoiéa 6ty ovykévrpoon tTov 50 ng/ml.
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Extog amd ta Oetikd Qopticpéve mEMTIOW, £yvay TEPAUOTO OVTOLY®OVIGTIKNG
OVOLOTOANG KO LE OPVNTIKO POPTIGUEVES OVGIEC e GKOTO TNV EKTEVEGTEPT UEAETN TOV
QOWVOUEVOD. ZE TPOTUPYIKE TEPAULATO YpNoHomomOnkay cvvOeTIKA TEMTIOW TOL
covApovpopévoy apvotelkov dkpov Tov CCRS. To Bewpnrticd povtého mpoéPiens v
aAAnAenidopaon tov vdarodwAvtov CCRS ocvvBetikod memtidiov pe 1o V3 oty
EMPAVEIDL TOV HOKPOQAY®Y KOl EMOUEVOS TNV  OVIOYOVICTIKY TOPEUTOSIOT TNG
aAAnAenidopaons tov V3  pe tovg vrodoyeig tov T kuttdpwv. Ta amoteAéopata g
ewovag 3.13 delyvouv 0Tl Ta GLVOETIKA TTEMTIOW TOL OapvoTEMKOD Gkpov tov CCRS
VTOJ0YEN OEV OVEGTEIAAY TOV TOAAATANGIOOUO TOV KVTTAPOV. AVTIOET®S, Tapatnpeite

avENon 1oV TOALATANGLOGLOD TV KLTTAP®V GE GUYKPLOT| LE TIG KOAMEPYELEG EAEYYOV.

é 30000 -

5 25000 I
£ 20000 -

3

2 15000

b )

£ 10000

E 5000 - .

&

e 0 : .
(o]

Control Sulfated CCR5S

Ew. 3.13. Iewpdpoto aviayovieTiKg OvVOoTOM|S TOV @aivopévov Tov V3 e

ovvOeTIKG TENTIOW GOVAPOVPONEVOL apIvOTEMKOD dKkpov Tov CCRS.

[Tpoxeévon va PEAETGOVIE TTEPETAIP® TNV EMIOPACT OPVNTIKA POPTIGUEVOV
OLGL®Y OGTNV OVOGTOAN TOv V3 @owvouévov ypnotpomomdnkay yAvKolapivoyAvkaveg
(GAGSs) ot omoieg eivar ypappikd mOALUEPY] OmOTEAOVUEVE OO ETAVOAOUPBOVOUEVES
SLoAKYOPITIKEG HOVAOEG HE VYNAG apvnTikd @optio. Ot ovoieg mov ypnoiomomonkay

etvan 1 Beukn yovdpoitivn A (CSA) kot B (CSB), kot 1 nmapdvn 6€ TPELG S10pOPETIKES
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ovykevipooelg (1, 30 wor 100mg/ml). Ta amoteréopata €o€i&av  OTL Ol
YAvKOLopVOYALKAVES TOV YPMNGIHLOTOONKOY deV OVESTEIAOV TO QavOueEVO Tov V3.
AvTiBétmg, Ommg Kol 6TV TEPITT®ON ToL GoLVAPovpouévov CCRS mentidiov, mpokaiovv
evioyvon tov goawvopévov (Ew. 14). Mepun avactodn mapatnpeitor pdvo otnv HiKkpn
ovykévipmon (lpg/ml) CSB kor omv pecaio ocvykévipoorn (30pg/ml) mmapdvng.
[Mopoéro mov M Mmapivn kou mapdyoyo g €rovv onybel va aAAniemdpovv pe v
yAvkompwteivny gpl20 tov 100 HIV kot edwotepa pe v V3 mepoyn (Roderiquez,
Oravecz et al. 1995) (Harrop and Rider 1998), oto0 in vitro cOotnua pe to cLVOETIKA

nentiow V3 dev paivetal va £l aVOGTAATIKN ENLOPOOT.

A WLipo (0}

Lipt {v3)

}

100 pg'ml 30 paiml 1 pg/ml

B WLipo (0}

Lipo (W3]

H-Thymidine Incorperation (CPM

WLipo (0]
Lipa (W3}

|

B2 -
' 100 gl 30 g

Control 100 pgiml 30 pgimil 1 pgiml

Ew. 3.14. Ieipapote ovroyovieTIKNG O0vaoTOM|S TOL @aivopévov Tov V3
ypNoponoldvTeg yovopoitivn A (A) kv B (B), kv mmapavny (I) oe tpeig
owaopeTikéc ovykevrpaoeg (100 pg/ml, 30 pg/ml, 1 pg/ml).

] 'I II '

1 paiml
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Yvvoyilovtag, pe ta mopomdve mepapoto amodelydnke Ot ta cvvletikd V3
TENTIOL TOL YPNOYLOTOLOVVTAL YO TNG in Vitro nehéteg ahAniemidpovv pe 6ia ta CD4
kot CD4/CCRS5 T «Ottapo. Ilepdpoto pe KOTTOPIKEG OEPEG OTO  GULVEGTIOKO
HKPOoKOTIO €0€1&av OTL 1 oAANAEmiOpacn avth eivarl KLplOG HE TOVG VTOJOYEIS
ynuetokveov CCRS kot CXCR4. H wioutepdtnta e 10vTikng aAAnienidpaong tov V3
TENTIO0V [LE TOVG GLVLTTOOOYELG LEAETHONKE EKTEVESTEPA e OKOTO TNV OVTOYMVIGTIKT
avaoToAn Tov V3 @awvopévov. Mo TETolo TPOOTTIKY] Topovstdlet 1dtaitepo Proloyikd
EVOLOQEPOV  APOD  EVOEYOUEVI] OVOOTOAM| NG OAANAETIOpOONG £XEL  ONUAVTIKEG
TPOEKTACELS Yoo TNV KATOmoAéunon g HoOAvvong tov 1ov HIV-1. Ta mepdapoto
avaoToAng €deigov  Ott ovvBetikd memtioww pe 9 Oetikd  eoption  avacTEAAovV
OTOTELECUATIKA TO Qavopevo tov V3 ev avtiféoel pe mentidw mov €xovv 1 Oetikd
@optio. XToVv avTimoda GLVOETIKO TEMTION0 TOV apvoTEAKOV dikpov Tov CCRS Kot GAAeS
apvNTIKE PopTIcUEVES ovaieg (Beukn yovopoitivi A kot B, kou nmapdvn) dev avéotethay

EMTLYMOG TO POVOLEVO TOV V3.
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3.3 MeLéT TV EVOOKLTTOPIK®OV HLOVOTOTIOV TOL V3 @aivopévon



Amoteréauara 70

3.3.1 Ewayoym

H avtikatdotaon tov TETOVOEKo in vitro LOVIEAOL amd £Va. IO YEVIKEVUEVO
onua gvepyomoinong twv CD4 T kvuttdpov mov va datnpel o @ovopevo tov V3
amoTELOVOE £VOL CNUOVTIKO HEPOG TNG O100KTOPIKNG STPIPNS. Ot TEPAUOTIKEG UEAETES
OTO. TPONYOVUEVO KEPOAO TEKUNPI®GOV TNV Guvtpnon Tov V3 @ovopévov GTo
YEVIKELUEVO GNHOL OVTIYOVOTOPOVGINCTG oo TV €VTEPOTOEiv) A TOV GTUPVAOKOKKOV
Kol cVVEBOAOY 6TV PEATIGTOTOINGT] TOV PALVOUEVOD LE ATMTEPO GTOYO TNV SEPEVVION

TOV EVOOKVTTAPIKDOV LLOVOTOTIOV.

3.3.2 Métpnon TV emaédmv EVOOKLTTUPIKOV aofeoTtiov

Metpnioelg Ttov emmédmv  Tov  €VOOKLTTOPIKOV acfectiov  devepynOnkav
xpnopomolwvtag v xpwotikn ovcic FLUO-3AM. H ocvuykepkipévn ypootikn eivon
ouvoedepévn pe éva eotépa (AM) o 0molog guvoel TV €i6050 NG HEGH 6TO KOTTOPO
Omov yivetar VOPOALON TOL E€0TEPA AMO EOTEPACEG TOV KLTTOPOTAAGUOGTOS KOt
elevBepovetar N ypootikn. Otav amoTpocTaTeELTEL OO TOV E0TEPA, 1 XPWOOTIKN Eivor
erevBepn vo Tpoodebel pe 1W6vta acPectiov, yeyovoc mov awédvel To OOPIGHO NG KoL
katd ovvémewn mn ekmopmn tov FLUO oaviumpoocwnevel to eminedo £vOOKLTTOPIKOV
aocPeotiov. Kwntikn avainon pe xvttapopetpioa pong €d6eie o6tt 10 V3 memtidlo
TpokdAece aOENON TOV EMITEI®V EVOOKVLTTAPIKOD OGPRECTION TTOV GLVOSEVONKAY OO

peioon otov apBpd Kuttapov, tig nuépeg 9, 11, ko 13 (Ewc. 3.15).
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Ew. 3.15. Eninedo gvdokvtTopikov acfotiov ([Ca2+]i) og mepupepikd povorvpnva

KUTTOPO, TOV GipaTog VoTEPA Umé PayvnTIKO draympiopd. Ta KUTTOPOE ETOAGCTNKAY

pe to vmep-avriyovo SEA, mapovoia n oy tov V3 memtidiov ko n pérpnon

apaypotomomnke ypnowponordvras TV  ypootiky] ovcio FLUO-3AM o¢
KUTTOPORETPN T POC.

Ta 16vta acPeotiov motevetanr OtL gumAékovtal oe mTOAAES Agttovpyieg tv T
AELQOKVTTAPOV OTMOG M TAPOYDYN KVTOKIWV®V, O TOAAUTANCIOOUOS KOl O KLTTOPIKOG
Bavatog emaydpevog amd evepyomoinom (Dolmetsch, Lewis et al. 1997; Mattson and Chan
2003; Schreiber 2005). H 1coppomia peta&h 1o moAAATAAGIAGHOD KOl TG OTOTTOONG
TOV KLTTAP®V &ivar moAD €H0pavotn kol TapoOAo Tov 1 adENoN Tov EVIOKLTTAPIKOD
0GPeoTION AmOITEITOL Y10t TOV TOAAATAOGIOOUO KLTTAP®V, 1| GLUVEXNG avEnon umopel va
TPOKOAECEL KVTTOPIKO BdAvoto emaydpevo amd evepyomoinom (Lang, Foller et al. 2005)
(Ludanyi, Gogolak et al. 2004). Qg emPefainon TOV ATOTEAEGUATOV WOG, VIAPYOLV
ocuvtpumtikd otoryeia 0Tt To0 T Aeppoxvtrapa poivouévov HIV acBevaov mapovcialovv
avénuévo TocooTd KuTTapkoD Oavdtov emayduevo amd evepyomoinon AOY® TNg
ovveylopevns evepyornoinong and ) poivvon (Gougeon, Lecoeur et al. 1996) (Groux,

Torpier et al. 1992) (Oyaizu, McCloskey et al. 1993).

Cells + SEA + Lipo(V3)
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3.3.3 Métpnon g em@aveloknis ek@pacels Tov FAS vrodoyfa og meproepikd

KOTTOpO

O Kvtropkog Bdvatog emarydpevoc and gvepyonoinon amotehel £va. PUGIOAOYIKO
pnyovicpd amomtoong tov T KuTtdpov Kot Yo TV EXoymyn TOL EVOXOTO0VVTOL TOAAG
KLTTOPIKE povomdrtia. Tomg 1o mo Kovd amodektd LOVOTATL £ival 0T TOL EEKIVAEL A0
tov vodoyea CDI9S5 (Fas) (Alderson, Tough et al. 1995; Dhein, Walczak et al. 1995; Ju,
Panka et al. 1995). Avikovtag otnv peydin owkoyévela twv TNF vrodoyéwv (Tumor
Necrosis Factor), o Fas vmodoyéag €ivar vmevbuvog yuoo TV HETAY®YN EVOOKLTTOPIKMV
UNVOLATOV TOV 00N YOLV 6ToV B4vaTo TV KUTTAp®V.

Mo tov oxomd ovtd, TPOyLATOTOWONKE KIvNTIKY avdAvom g €KQPOaong Tov
vrodoyéa CDI95 oty emedveln twv CD4/CD45RO T xvttdpov. H @awvotvmikég
LLETPNOELS OTOV KVTTAPOUETPITN pong, £de1&av 0Tt To V3 mpokarel avénomn 1ov mocsocsTon
TOV KLTTApOV Tov ekPpalovv tov ovykekpiuévo vmodoyéa (Ew. 3.16). Emiorg,
Tapotnpeite adENon TOL TOGOGTOV TOV KLTTAP®V 7OV EKOPALOVY TOV LTOOOYEN GE
oLVAPTNON UE TNV XPOVIKY| dtdpkela. Ta amoteléopata avtd Bpickoviol 6€ GUUE®VIL 1E
To amoteAécpata TG €KOvog 3.6, Omov mapatnpeite avénon Tov TOc0GTOH TOV
CD4/CD45RO/CD25 T xvttépov, Ko g ewkovag 3.4, 6Tov moapatnpeite adEnong g
OmOTTOONG G€ oLVAPTNON He TOV Ypovo. Emopévoe, ocvvovaloviag to mapomdve
amoteléopata, Topatnpodue 01t 10 V3 mentido mpokaiel adénorm tov moGooToH TMV
evepyomompévov kuttapov (CD4/CD45RO/CD25 T kdtropa), TOL GUVOOEVETAL, OTIG
d1eg ypovikég meplddovg, e avénon tov mtococtov Twv CD4/CD45RO T kuttdpwv mov
eépovv tov CDI95 vmodoyéa. e cuvdvacud pe To VYNAL TOGOGTE OmOTTOONG Kot TO
avénuévo emimedo vOOKLTTOPIKOV 0CPECTION OTIC CLYKEKPIUEVEG YPOVIKES TEPLOOOVG
pumopovpe va cvumepdvovpe 6t 1o V3 mpokadel £vTovn evepyomoinon TV KLTTAP®V TOV
avTOpaTO To KaO1oTA €VOICONTO GE AMOMTOTIKA CMUOTO 0dNYDVTIOS TO GE KLTTOPIKO

Bdvarto emayopevo and evepyomnoinon.
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Ew. 3.16. Kwntikiy ¢owotvmkny avdivon 7tov vmodoyéa CDI9S (Fas) o¢
CD4/CD45RO T xvdttaopo ypnowpomoiodvros kvtroapoperpio pons. Ta xkvrrapa
ETMACTNKOY NE TO VEP-avTLYOvo SEA, mapovsia 1 0yt Tov V3 wentidiov. O Tipég
UVTITPOGMOTEVOVY TNV TUVTIKI andkiion (£ SD) and 6vo avedptnrto mepapote o€

000 O10POPETIKOVG O0TEC.

3.3.4 Métpnon tov emmédoov mRNA tov petaypagikod mapdyovre Yin Yang 1

(YY1).

Epgvvnoope ta enineda mRNA tov petoypogikov topdayovta Yin-Yang 1 (YY)
mov  @épeTor  va  ddpopatilet onuavtikd poko Katd tnv  guPpvoyévecn,
dpopomoinon, Kot Tov ToALamAacIo O TV kKuttdpov (Gordon, Akopyan et al. 2006).
AVTOC 0 TOAVAEITOLPYIKOG HETAYPAPIKOS TTApAyovToS puOuilel v €kepactn dopdpmv
YOVIOI®V TOVL EUMAEKOVTIOL  OTOL HOVOTATIOL €vepyomoinomng kot amontmong. Il
OULYKEKPIUEVA, HETOED TV GAA®V, 0 YY1 Bpébnke va puOuiler apvntikd v Ekepoon
o0V Vrodoyéa ynuewkvedv CCRS  kabmg emiong Kot v EKQPACT] TOV OTOTTOTIKOV
vrodoyéa CD95 (Garban and Bonavida 2001; Moriuchi and Moriuchi 2003). Agdopévov
ot mopampnOnke avénuévn  éxepaon  tov  vmodoyéwv CCRS ko FAS,
TpaypatoromOnke mocotikn avaivon tov mRNA tov YY-1 pe okomd va depgvuvnbet

evoegyduevn peimon tov. Ta amoteAéopata emPePfaivcav avti v vrodeon, dedopévov
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o0tL 10 V3 mpokdrece peioon tov emnédov mRNA tov YY1 mepinov -2,4 gopéc oe
ovykplon pe TG KoAAEpyeteg eléyyov (Ew. 3.17). Aapfdvovtag vmoyn 0Tt o1 VTodoyElS
CCRS5 xov FAS gumiéxovror otmn evepyomoinon Kot TNy onOTTOOT TOV KLTTAPOV
vroBétovpe 6Tt 0 YY1 pmopet evdeyopévog va dadpapatiCetl Evav kpicipo poho otov
KuTTOPIKO BAvato emayouevo amd gvepyomoinomn dedopévov 0Tt umopei va pvbuicet v

EKQPAOT TPOTEIVOV OV TEPIAAUPAVOVTOL KOl 6T VO LOVOTATLOL.

1,2 1

0,8 1
0,6 1
0,4 1 I

0,2

Value of mRNA copy

LIPO (0) LIPO (V3)

Ew. 3.17. Métpnon tov emaédmv mRNA tov pertaypagukod mapdyovra YY1 pe
0AVGLOMTN avTidpaot moivpuepaong npaypatikov ypovov (@ RT-PCR). Ta kvtropa
enodotTnkav pe to vrep-avriyovo SEA, mapovcic n o tov V3 memtidiov.
[poypotoronmOnke KovoOviKOTOiNGT YPNCLUOTOLAOVTIOS MG YOVIOL0 AvVOQOpPdS TO
GAPDH. Ot Tipég avTitpocsomevovy TV Tk antékiion (£ SD) amo Tperg TeVIKEg

ETOVUIYELS.

3.3.5 Metpnoeic tov emrédov mRNA g wreplevkivig 2

[Mpotapyikds oTOY0C TG CLYKEKPUEVNS OWOKTOPIKNG TP NTOv 1
OVTIKOTAGTAOT], TOV TETAVOEWIKOD HOVTEAOL HE OMMOTEPO OKOMO TNV UEAETN TOV
EVOOKVLTTOPIKAOV povoTaTidv. Metd amd peléteg Peltiotomoinong tov V3 @aivopuévov
KataAnEape 6TV XpNom Tov vVIeP-ovityovov SEA 10 omoio d1evkoAvvel TNV PEAETN TV
EVOOKVLTTAPIKAOV LOVOTOTUDV ENEWN evePYOTOlel peyalvtepo aptiud T Aeppokuttdpmy.

Emopévmg, yio vo peletioovpe to onpote wov odnyohv GTOV KLTTOPKO Bdvarto
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EMAYOUEVO OO EVEPYOTOINOT TPAYLATOTOWONKAY HKPOGVGTOLYIES GUUTANPOUATIKOD
DNA (cDNA).

Mo va evtomicovpe 10 akpiPég ypovikd onpeio ekyviiong tov RNA 10 omoio
YPNOYLOTOLEITE Y10 TEPAUTEP® TNV AVAALON UE TIC IMKPOGVGTOUIES, TPOYUOTOTOM|0MKE
Kiyntikn avdivon tov emmédov mRNA g wvtepAevkivig 2 pe aAvcdmt) avtidopaon
TOAVUEPAOTG TPAYUATIKOD YPOVOL GE TPOTOYEVH TEPLPEPIKA KVTTOPO TOV EXMACTIKAY
pe M yopic SEA. H petaypoaen tov yovidiov g IL-2 amotelel 10 t€MKO GTAO10 TOL
ONUATOSOTIKOD HOVOTOTION THG avTlyovomapovsioons. Ta amoteléopato TG KIvnTikng
avéivong £dei&av 0Tt ta emineda Tov MRNA avéavovton PO 4 dPeES PHETE TNV ETDOON
Tov Kuttdpov pe SEA kot 1o péyioto enimedo mapatnpndnke otic 8 dpeg (Ewc. 3.18).
"Exovtoc o¢ andtepo oKOmd Vo LEAETIGOVUE TO TPOTAPYLKO CTLLOTO TOV TPOKOAOVY TNV
Evtovn €vepyomoinomn Tov KuTtapov emAEEapue ©¢ PEATIOTO Ypovikd onpeio yuo Tig

HIKPOGLGTOLYIES TIC 8 PES HET TNV EMMOOT TOV KLTTApWV pe SEA.

> 7.00E+03 - # cells ESEA
(o))
< 6.00E+03 -
(5]
E 5.00E+03 -
% 4.00E+03 -
4~ 3.00E+03 -
o
o 2.00E+03 -
=
§ 1.00E+03 A
W
0.00e+00 /0 . , e
0 Hours 4 Hours 8 Hours 12 Hours 24 Hours

Ewk. 3.18 Ktk avaiven tov emaédov mRNA tg IL-2 pe  alvodoti
avtiopaon moivpepdons mnpaypatikov ypovov (q RT-PCR) oe mepupepka
ROVOTUPNVE KUTTOPO TOV CPOTOS PETA OO POYVITIKO O MPIGUD, ETOUAGCUEVO NE
10V vrep-avtiyovo SEA. TlpaypatomomOnke Kovovikomoinen yp1noilHoTotOvVTIS MG
yoviorwo avagopds o GAPDH. O tipéc avrimpoommedovy TV TVmIKI andkAiion (+

SD) am6 Tperg TEYVIKEG EMAVOANYELC.
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3.3.6 ®awvotvmkn avédrivon tov CD4/CD45RO kuttdpmv 8 dpeg peto v enmaocn

TOV KVTTAPOV IE TO VTEP-AVTLYOVO

[Ma v TAnpéotepn HEAETN TOL EOIVOUEVOL TNV YPOVIKN GTIYUN TNG EKYVAONG
tov MRNA zwpaypatomombnke eoawvotumikny avaivon i va diepgovnbovv o enimeda
tov CD4 tov CD8 T kuttdpwv kabdg eniong kot ta tocootd towv CD4/CD45RO/CCRS
T xvttépov. Ta anotedéopota €deiEav O6tL o CD4 T wdtropa amoteAovv mepimov To
80% tov xuttgpov eved ta CD8 amotedovv 10 10% (Ew. 3.19 A). Ta tputhobetikd
CD4/CD45RO/CCR5 T «ottopa amotelobv mepimov 10 2% TOV  GLVOMK®V
Aeppoxvttdpov (Ew. 3.19 B). And ta amotedéopata g ewwovag 19 gaivetor 0tL
TOPOVGIO TOL VIEP-AVTIYOVOL eV EYEL HETOPAAEL TOL TOGOOTH TOV KLTTAPWV, YEYOVOG
OV OOJdIdETOL 6TO OTL TO. KOTTAPO OV €£YovV 0pyicel vo TOAAATANGIALOVTOL KOl

Bpiokovtot axdpa vwd v onpatoddton tov SEA.

)
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Ew 3.19. A) ®awvotvmikn avaiven tov CD4 kot CD8 kuvttdpov og meproepikd
povomvpnvae KutTapo 10V aipatog (PBMC) ko petd amd poyvntiké owympiopd

(MACS). B) ®uwvotvmiki avaivon tov CD4/CD45RO/CCRS vronhvOnopod tov T
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KUTTapOV APNONOTOIOVTOS  KutTtapopeTpia  pone. Ov  perprosg

apaypotomom|Onkay 8 Mpeg petd TNV TPocONKN TOL VAEP-AVTLYOVOL.

3.3.7 MkpoovoTtoryicg copminpopatikovd DNA

Baoilopevol ota arotedécpata g ewovag 3.18, n ekyvAion tov oAtkov RNA
Tpaypatomromonke 8 wpeg HETA TV enmaoct TV Kuttdpov e SEA pe to kit RNeasy
(QIAGEN). T'ta Vv koADTEPT EKTEAECT TOV UIKPOGLGTOLEI®V KOl YL TANPESTEPN
OTOTIOTIKY] OVAALGN TV OMOTEAECUATOV TPOyHoTOTOmOnke ekyOAlon oamd 6
SlpopeTikd Proroykd detypata Yo kKabe mepintoon (kbtrapo mov enwdotnkoy pe SEA
Kol e AMmoompoto mov elyav 1 Oyt 1o V3 memtido) tov iov 86tn. Amd avtd
emAéyOnkav 3 Cevydpia ( KOTTOPO EAEYYXOVL KOl KOTEPYOSUEVA) TOL OO0 TALPOLGIAGOV
™V peyaAvtepn mocodtnta o€ RNA kot vyniotepn kabapotnta (o Adyog 260/280 vtav
kovtd oto 2). Ta deiypota alohoyndnkav meportépow pe miektpopopnon oe 2%
TAKTOUR ayopolng ywo TNV KoAvTepn peAétn g akepatdotnta tov RNA. H eikdva 3.20
delyvel O6tL Kou tar 6 detypata mov emA&yOnkov eival axépoto kot dgv £XOVV VTOOTEL

OTOIKOOOUNGN OO APEVACEG.

O 0s V31 V32 V33

-t ey t T
: s
s e

Ew. 3.20. Avalvon tov derypdtov RNA pe niektpogopnon oc 2 % miktopa
ayapolng.



Amoteréauara 78

Epocov dwumotodnke n akepardmta tov RNA, 1o delypota eotdinocav otnv
etaipio. Aros Applied Biotechnology (Denmark) 6mov mpaypatomomnke n TEPAOTIK
dwdkacio Kol M TPOTOPYIKA oviAlvon Tov piKposvotoymy. Ot mAatedpueg mov
xpnowomomnkay yo T pukpoovotolyieg ntav g etopiog Affymetrix ( Human
Genome U133 Plus 2.0 Array) xoi mepieiyov mwovo ond 47.000 petdypopa
ovumepiapPavopévov kot 38,500 yovidiov tov avBpodmivov yovidiwpatog. Me Tig
OVYKEKPUEVEG TAOTPOPLES OVLVOTAL VO TOPOTNPNOOVUE CAAAYEC OTNV EKOPOCT TOV
GLVOAOL TOL AVOPOTIVOL YOVIOIOUATOS KOl EMOUEVMOG YIVETOL EQIKTN M MEAETN TOV
TPOTOUPYIKAOV GTUOTOOOTIKMOY HOVOTOTIOV TOV 00NyoHV 610 PLOAOYIKO POIVOUEVO TTOL
npokoAel To V3 mentidio.

H enelepyoocia tov anotelecpdtov avédeEe 378 yovidwa ( pe p <0.05) twv
omoimv ta enimeda MRNA Ntov avénuéva mteplocotepo amd 2 eopeg kat 61 yovidwa ( pe
p <0.05) tov onoiwv To enimeda NTOV LEIOUEVO TEPIGCOTEPO OO 2 POPEG GE GLYKPION
pe T kaAMépyeteg Eleyyov. Ilepattépm avaivon tov dedopévov €de1Ee OTL amd Ta
yovidwa oto omoia wopatnpnonke avénon tov enmédwv mRNA, 50 yovidw oyetiCovion
pe tov petaforopd, 34 pe tov Kuttapikd KOKAo, 65 pe v petaypaen, 24 pe v
petaywyn onuatog, 16 pe tov kuttapikd moAlamiaclacpud kot 13 pe myv andntmon tov
KUTTOP®V. APKETA Ao TO. YOVISIOL OLTE GUUUETEYOLV GE TOPUTAV® amd £vo Bloloyikod
povomdrtt, yeyovog mov kabiota v pedétn touvg mo ocvvletn (ITw. 3.1). Eva npodto
oLUTEPOGHO Elval OTL 1 TAEYNPio. TOV YOVIOIWV CLUUETEXEL GE AELTOVPYIEC TOV
SLUPAAOVY GTNV EVEPYOTOINGT) KOL TOV TOALUTAAGIOGHO TV KVTTAP®V. XTOV Tivako 3.2
Qoivovtol pepika yovidlo To omoio emMAEYTNKOV £Yovios ¢ Pactkd Kputnplo Tov
Blodloykd poro oe cuvaptnon pe ta emineda Tov MRNA. H mistoynopio tov yovidiov
oxetiCeton pe gvepyomoinon TOV  KLTTAPOV Kot TNV adénon Tov  EMTEI®V
evookvTTapIKoy acPeotiov. Amd ta cuykekpipéva yovidio 1o NFAT 5 (nuclear factor of
activated T-cells 5) mapovoidlet 10 peEYOADTEPO EVOPEPOV APOV T TPWTEIV 7OV
exepaletor gival £vag PETOYPOPIKOG TOPAYOVTOG TOL GYETICETAL [LE TNV EVEPYOTOINOT
TV T AepQOKLTTAPOV. ENUAVTIKO EVOLUPEPOV TOPOVSIALOVYV GUYKEKPILEVO, YOVIOLOL TTOV
oyxetiCovtor pe TV avénon TOV EMWEI®V TOL €EVOOKLTTOPIKOV aoPecTiov Kot To

povomdtio wov akoAovBovv. To CD38 eivan évag pepPfpovikdg vwodoyEus Tov TPOKAAET
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avénon tov emnédov acPeotiov evd to IPTR2 givon 0 vrodoyéag tov eVOOTAAGUATIKOD
dktvov mov oyetileTal pe MV amelevbfépmwon TV 16OVIOV acPeotiov Tov Ppickovtat
amodnkevpéva péca oto diktvo (Hernandez, Leite et al. 2007) (Endo, Harada et al.
2006). Eriong ta yovidio CAMKK2, CAMKI1D, CAMK2D, kot ITPKB oyetilovton pe
LLOVOTIATIOL TOV EVEPYOTOLOVVTOL OO TNV aOENoTN TV emMmEd®V  10VI®V acPeotiov Kot
odnyobv oty gvepyomoinon tov kvttdpov (Woods, Dickerson et al. 2005) (Mishra,

Mishra et al. 2005; Mishra, Mishra et al. 2005) (Dewaste, Moreau et al. 2003).

Mivekag 3.1. Awyopiopds tov yovidiov, pe avénpéve eminedo mRNA o1ig

MIKPOGLGTOLYIES, AVAAOYQ NE TO BLOLOYIKG POVOTATIO TTOV GUUNETEOVY

MovomaTio TOV CUUUETEYOVV TA

yovidrwa
AprOpég 1 2 3 =4 ZuvorKa
MovomaTidv
Aopn 5 2 0 0 7
Metaforopuog 44 5 0 1 50
Emdiopbwon tov DNA 3 . 1 0 8
Kuttapikdg Kvkrog 25 6 3 0 34
Metaypooen 54 7 3 1 65
Metoryoyn Znpotog 13 7 1 2 23
Kuvttapikog
q
IMolhomhuctacpog 6 2 3 16
Anomtmon) 4 5 1 3 13
Avogokoymn > 3 0 3 3
AmavInon
T Kotrapo 0 3 0 2 5
AcBéctia 1 4 0 0 5

Ynrorowo 160 7 0 0 167
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Mivaxkog 3.2. Emigypévo yovioro pe peyaio Broloyiké evola@ipmy Y10 TO QUIVOREVO

10V V3. Ta yoviorwo poékvyay VoTtEP 0md TNV GVAAVON TOV OTOTELECUATOV TOV

MIKPOGVOTOL(LAOV Kol Tapovoialovy avénuéve eminedo mRNA og oyéon pe g

KaAmépyereg eErEyyov ko p<0.05.

Gene Gene Description Fold Affymetrix
name Change ID
nuclear factor of activated T-cells 5, tonicity- 17,9
NFATS responsive 208003_s_at
nuclear factor of activated T-cells 5, tonicity-
MNFATS responsive 4,11 215092_s_at
cDz8 CD38 molecule 2,21 205692_s_at
TP53 Tumor protein p53 (Li-Fraumeni syndrome 2,34 224185_at
KPNA1 karyopherin alpha 1 (importin alpha 5) 2,21 202057_at
ITPR2 Inositol 1,4 5-triphosphate receptor, type 2 3,12 216614_at
ITPKE inositol 1,4,5-trisphosphate 3-kinase B 2,48 232499 _at
calcium/calmodulin-dependent protein kinase
CAMKZ2D (CaM kinase) Il delta 2,14 224994 _at
CAMKK2 calcium!calmodu!in-dependent protein kinase 225 213812 s at
kinase 2, beta ==
CAMK1D calcium/calmodulin-dependent protein kinase 1D 2,26 235626_at
phosphoinositide-3-kinase, regulatory subunit 1
PIK3R1 (p85 alpha) 7,15 212249 _at
CDC20 cell division cycle 20 homolog (S.
CDC20 cerevisiae) 4,05 202870_s_at
DUSP4 dual specificity phosphatase 4 2,64 204015_s_at
DUSP4 dual specificity phosphatase 4 4,44 204014_at
APIS apoptosis inhibitor 5 2,94 233078_at
PAK1 p21/Cdc42/Rac1-activated kinase 1 (STE20 413 230100 x at
homolog, yeast) ==
BIRC4BP XIAP associated factor-1 8,21 242234 _at
TNFSF7 tumor necrosis factor (Iig?nd) superfamily, member 212 206508_at
IRF7 interferon regulatory factor 7 2,28 208436_s_at
CXCL11 chemokine (C-X-C motif) ligand 11 7.47 210163_at
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Amd ta 61 cvvolikd yovidwe Twv omoiwv ta emimedo mRNA mopovcioacav
EMATTOON TEPIOGOTEPO OO 2 POPES GE GUYKPLOT UE TIC KaAMEPYELEg eAEYxov, 10 yovidia
oxetiCovtol pe Tov HETOPOMOUO TOV KVTTAP®V, 4 PE TOV KLTTOPIKO KOKAO, 9 pe v
LETOY®YN ONUATOG, 2 pe TV andnTmon kot 4 pe v avocoroyikn amdvenon ( [w. 3.3).
Ta yovidwe pe to peyoddtepo PloAoyikd evolapépov, 60wV aeopd 10 V3 @avopevo,
angwoviovtor otov mivaka 3.4. And T cuykekpéva yovidw, to BCL-2 mapovoidlet
eEAPETIKO EVOLOPEPOV POV Lo omd TIG PLoAOYIKES TOV AglTovpyieg eivan vor LTAOKApPEL
mv Opdon tov p53 (Jiang and Milner 2003). Emopévemg, peimon tov emmédwv tov
mRNA tov BCL-2 og cuvdptnon pe v avénon tov emmédmv mRNA tov TPS3 (TTw.
3.2) €voyomolohV TO GUYKEKPLUEVO YOVIOO TTOL QEPETOL VO EXEL ONUOVTIKO pOLO GTNV

ATOTTMOT TOV KLTTAPWV OV TPokoAel T0 V3 patvopevo.

Mivakeg 3.3. Awyopiopdés tov yovidiov, pe peiopéve eminedo mRNA oTig

pIKpocvoToyies, avarioya pe 1o Broroylkd poOvVOTATIO 7TOV  GUUPETENOVV

MovoTaTIo TOV GUUUETELOVY TU

yoviowa

M?v%lgz‘ff@v 1 2 3 >4 Tuvohlka
Mertaforouog 9 1 0 0 10
Kvtropikdg Kokhog 2 1 I 0 4
Metaypagn 2 0 1 0 3
Metaywyr EnuoTog 7 1 1 0 9
Amontmon 0 2 0 0 2
AvVOGOAOYIKT| 3 I 0 0 4

Amavimon

Yroroura 29 0 0 0 29
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MMivaxkog 3.4. Emigypévo yovioro pe peyaio froloyiké evola@ipmy Y10 TO QUIVOREVO
10V V3. Ta yoviowo poékvyay VoTEPE 06 TNV AVAAVON TOV OTOTELECUATOV TOV
MIKPOGUGTOL(LAOV Kol Tapovotalovy peropévae eninedo mRNA o oyxéon pe g

KaAmépyereg eErEyyov ko p<0.05.

Gene Gene Description Fold Affymetrix

name Change ID
BCL2 B-cell CLLAymphoma 2 =217 207004_at
TLRS toll-like receptor 5 -2,159 210166_at

leukocyte immunoglobulin-like receptor, subfamily B R
LILRB1 (with TM and ITIM domains), member 1 2176 213975_8_at
HLA-DOA  major histocompatibility complex, class Il, DO alpha -2 211142_x_at
PRKAR1 protein kinase, cAMP-dependent, regulatory, type |, 5,61 212555 at
B beta =
PTPLA protein tyrosine phosph_at_ase-like (proline instead of 7358 1554376 s at
catalytic arginine), member A - =
EPOR erythropoietin receptor -2.4 396_f_at
protein phosphatase 2, regulatory subunit B (B56),

PPP2ZRS5B beta isoform -2,314 635 _s_at
RAB32 RAB32, member RAS oncogene family -2,08 204214 s _at
RAB2 RAB2, member RAS oncogene family -2,28 208730 _x_at
PPBP pro-platelet basic protein (chemokine (C-X-C motif) 226 214146_s_at

ligand 7)

H mepapatiky dtodikacio Tov HKPOGLGTOLL®V NTOV OXEOACUEV £TOL OOTE VO
avalvBodv 3 detypata and kdbe mepintwon. Me avtdv TOV TPOTO TPOyLaTomoOnKe
OTOTIOTIKY emeEepyocio TV amotehecpudtov pe 1o pair T-test, kot to dsiypoto pe
p<0.005 Bswprnkav ®¢ oTOTIGTIKA CNUAVTIKA Kol avaAbOnkav meportépw. [Tapoia
avTa o toyaio dtakvpaven o€ 1 and ta 3 detypoto oALOIDOVEL TNV GTATIGTIKY] VAAVOT)

Kol to amotelécpata mapovcstalovy mhovotnto peyorvtepn and 0.05. T avtd Tov
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AOdyo mpoypatomombnke avdAvon ce yovidlw oTo Omoiot M OTATIOTIKN ThovOTNTO
Eemepvael erappdg avtd to Opo (emg 0.08) ko moapovoidlovv peydAo Proroykod
evOl0QEPV Yoo T0 @avopevo tov V3. Ta cuykekpipéva yovidia mopovctaloviol GTov
mivaka 3.5 Kot omoTeEAOLV Yyovidl To Omoio EUTAEKOVTIOL KLPIOG GE GNUATOSOTIK
LOVOTATIO. TTOL  00MyoLV otV evepyomoinon tov T Agppokvttdpwv. Evdiogépov
napovotdlovv yovidww oOnwg 1o Kras, to PIK3R1 kot 1o MAP3K8 100 omoin
KOOIKOTO0UV  EVOOKVLTTOPIKES TPOTEIVEG TOL JLdPapaTilovy oNUAVTIKO POAO GTO
onpatodotikd povordtt evepyonoinong tov TCR. Téhog to NFAT2IP amotehel péhog
g owkoyévelng tov NFAT, omwg kot to NFATS, xou pe xopu Aettovpyio v
gvepyomoinomn Tov amd 10 onuatodotikd povordtt tov TCR kot puBuiler v éxepaon

YOVI3i®V TTOv 001 YOUV GTNV evepyomoinom tov T AeueokvTTapmV.

Mivaxkog 3.5. Emigypévo yovioro pe peyaio frorloyiké evora@épmy Y10 To QUIvOpEVo
10V V3. Ta yovidwo mtpoékvyay VoTtEPE 0md TNV UVAAVON TOV OTOTELECUATOV TOV
MIKPOGUOTOL(LAOV Kol Tapovoiaiovy avénuéve eminedo mRNA og oyéon pe g

KaAMépyereg eELEYyov ko p=0.05

Gene Gene Description Fold Affymetrix
name Change ID
KRAS v-Ki-ras2 Kirsten rat sarcoma viral oncogene 3,22 214352_s_at
homolog
phosphoinositide-3-kinase, regulatory subunit 1
PIK3R1 (p85 alpha) 262 212240_s_at
MAP3KS Mitogen-activated proltzigltlginase kinase kinase 8 3,40 235421_at
nuclear factor of activated T-cells, cytoplasmic,
NFATC2IP calcineurin-dependent 2 interacting protein 4,06 238130_at
IL7 interleukin 7 2,88 206693_at
PDKA1 Pyruvate dehydrogenase kinase, isozyme 1 8,74 209798_at
CASP10 caspase 10, apoptosis-related cysteine peptidase 2,38 205467 _at
PAKA1 p21/Cdc42/Rac1-activated kinase 1 (STE20 4,13 230100_x_at

homolog, yeast)

CDC42 Cell division cycle 42 (GTP binding protein, 25kDa) 2,86 1556931_at
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3.3.8 Metpiocig Tov emmédv mRNA 1ov petaypo@ukov napdyovra NFATS

Ta dedopévo TV HIKPOGLGTOLDV £0MGOV YPNCLES TANpoPopieg Pdorn Tov
omoiwv yivetor ikt 1 oavaltnon kol OAOKANP®ON OA®V T®V KOUUOTIOV TTOV
ouumAnp®vovy to TACA Tov Proloyikod @otvopévov tov V3 katd tnv Odpkeld TNg
OVTLYOVOTOPOVGToNG. MEAETOVTOG TO YOVIOLN KOl AVOADOVTOG EKTEVECTEPO TNV EMLPPON
TOVG GTOV TAPOTNPOVUEVO KLTTOPIKO Bdvato emayouevo omd €vePyomoinon UTOPOVUE
TAEOV VO AVOKOADWOLLE GLUYKEKPLLEVO povordTia g Taboyévelag tov HIV pe andtepo
oTOYX0 V. EMYEPNOEL | OVALGTOAT TOV PAVOUEVOU.

‘Eva mpdTo Prpa yio v enitevén avtod tov 6tdyov £ivarl 1 S106TaVP®CN TOV
OTOTELECUATOV  T®OV  HKPOOLOTOYOV. ‘Yotepo amd tv  enelepyoacio TV
OTOTELECUATOV EMAEYONKAV GLYKEKPIUEVO YOVIOIXL Y10 TEPOUTEP® CVAALGT TO OTOid
napovcstdlovv €viovo Ploroywkd evolapépwv. To yovidio NFATS (nuclear factor of
activated T-cells 5) miotevetan 6Tt Tailel oNUAVTIKO PpOLO GTNV £VIOVN EVEPYOTOINGCT TOV
KLTTAPWV oL TPoKaAel V3 mentidlo kot amotelel T0 Pacikd YOVIOlo Yo TNV EKTEVEGTEPN
perétn tov evookvttapik®v onuatov. H mpoteivn NFATS sivon évag petaypagikdg
TopPAYOVIOG 7OV OVNKEL otV peydAn owoyévewr tov REL mpoteivov, n omoia
aroteleite and tig NF-kB xau NFATc mpwrteiveg (Lopez-Rodriguez, Aramburu et al.
1999) (Miyakawa, Woo et al. 1999). [Tapdéro mov n meployn mpdcdeong pe 1o DNA
motevetal Ott €xel eehytel amd tov NF-kB koi ot Aettovpyikég 1010Tnteg €ivon
napopoteg pe g NF-kB xkow NFATc mpwteiveg, n vediourn doun g mpoteiving eivon
TeEAElC SPOPETIKY| ad TIC AomEg TpmTEiveG NG 110G otkoyévetlag (Aramburu, Drews-
Elger et al. 2006) (Lopez-Rodriguez, Aramburu et al. 2001). Ot Aettovpykég 1010t TESG
TOV UETAYPOPIKOD TTapdyovTa £xovv peAetndel Kupimg Katd Tnv S16pKED TOL OGUMOTIKOV
otpeg (Lee, Colla et al. 2003) (Dahl, Handler et al. 2001) (Tong, Guo et al. 2006).
[Mopora avtd N Proroykn Tov dpdon £xet amodeydel Kot aveEapTNTMG OGUMTIKOL GTPEG,
Omwg omv evepyomoinon tov T Aep@oKLTTAPp®V 0nd TOPOTETAUEVO ONUO KATO TNV

avtryovorapovsioon (Trama, Lu et al. 2000).
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H dwotavpwon tov anoteleocudtov v tov NFATS mpoypotomombnke pe
NUITOCOTIKY 0AVCIO®T avTidpaon moAvuepdong mpaypatikod ypdvov (q RT-PCR) ce
SPOPETIKA delypoTo 0md ovTé OV TPAyUaToToMmONnKay ot pikpoovototyeies. [a tov
OKOTO aVTO GYESACTNKOV EKKIVITEG TTOL VO, TPOGOEVOVTOL KOl GTO 5 HETAYPOPO TOV
yovidiov, evdd ®g yovidlo avagopds ypnowonomdnke to GAPDH. "Yotepa and v
avAALGN TOV OEOOUEVAOV KOl TNV KOVOVIKOTOINGT TOV OMOTEAEGUATOV LE TOV YOVIS0
avaQopas, emPefordONKAY TO ATOTEAEGLOTO TOV LIKPOGLGTOLLOV 0POV JATIGTMOONKE
avénon tov emmédwv mRNA tov NFATS. TTo ovykekpipuéva 1o mRNA tov yovidiov
oTo KVTTOpO IOV glyav enmaoctel pe 0 V3 Ntav 3,7 eopéc mo avénuévo e cOyKpLon pe
T1g KoAMEpyeleg eréyyov ( Ew. 3.21). H avédivon tov detypdtov pe nhektpo@opnon o€
2% mikTopo ayapolng €dsiEe O6tL otV avtidopaon e oAVGO®MTAS TOALUEPAONG dEV
vanpyov mopanpoiovta (Ew. 3.22). Tehewdvovtag, mpémer va emonpavlel 0t ot
piKpocvotolyieg dev €xovv LYNAN €WKOTNTO KOl Yoo avTd TO AOYO omouteitol m
SOTOVPWOT TOV OMOTEAECUATOV pe pia o €101KN néBodo pe peyolutepn gvocOnoio.
‘Etol e€nysitan kot 10 yeyovdg OTL o1 pukpocvotoryieg €oei&av 17 @opég peyolvtepn

avénon tov emmédmv mRNA, evo pe v RT-PCR povo 3,7 popéc.

1,8 1
1,6 1 ]:
1.4 4
1.2 4

0,8 1
0,6 1
0,4 1 I
0,2 1

Value of mRNA copy

LIPO (0) LIPO (V3)

Ew. 3.21. Métpnon tov emmédov mRNA tov petaypoa@ukod mapdyovra NFATS
(nuclear factor of activated T-cells 5) pe oAlvowdmt) avrtidpaocn molvpepdong
apaypatikov ypovov (q RT-PCR). Ta kOtT0p0 ETMAGTNKAV PE TO VAEP-OVTIYOVO
SEA, mapovsio 11 6t tov V3 meatidiov. Ipayparomon)Onke kavovikomoinomn
YPNOLUOTOLAOVTAS MG YOVioro avagopds 10 GAPDH. O Tipég aviimpoconedovy v

TomKN ook o (£ SD) amd Tpels TEYVIKES EMAVAIMYELS.
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T G

Ew. 3.22. Avdlvon 7@poiovtov TNG OAVGLOMTHS OVTIOPUONS TOAVUEPAONG
apaypoatikov ypévov (q RT-PCR) 1w 10 NFATS kov 1o KRAS votepa omod
niekTpoeopnon oe 2% mikropa ayopolng.

3.3.9 Merpioeig Tov emmnédv mRNA tov Kras

Enmopevo Prpa yio v emPefaioon ToV KPOGLGTOLIGV NTOV 1) dGTAOPMOOT)
tov emmédwv mRNA tov yovidiov Kras. To Kras aviker v owoyévelr tov RAS
0YKOYOVIOIOV Kot 1 eKQPOLOUEV TPOTEIVN GLUVAVTATOL KVUPI®MG KOVIA otV HeUPpavn
TV KuTTtdpov. Koplo yapakmmpiotikd g eivor n mpdcdeon oe GDP xon GTP 6mov
kaBopilel Ko TNV KATAGTOON OmMEVEPYOTOINONG KOl EVEPYOTOINONG TNG TPMOTEIVIG
avtictoyya. Otov mpocdévetaw oe GTP m mpwteiv evepyomoleiton kot Opa ®G
VIOGTPOUA YO, TNV gvepyomoinon Alwv mpoteivov 6mmg 1 PI3-K (Phosphoinositide
3V-kinase) kot 1 Raf (ras activated protein), Eexivavtog onpatodOTIKE HLOVOTATIO TOV
odnyobv otnv gvepyomnoinomn tov kuttdpwv (Kranenburg 2005) (Friday and Adjei 2005)
(Roose and Weiss 2000). To amoteléopata ToV IKPOSLGTOYLOV €010V avénom Twv

emmédwv MRNA o€ ovykplon e TIC KOAMEPYEIEG €AEYYOL OAAQ 1 OTATIGTIKN
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eneéepyacio €0ei&e mBavotta peyorvtepn and 0.05. Tapdia avtd Adyo TIG pEYAANg
Blodoyikn onpocicg Tov GLYKEKPIUEVOL YOVIOIOL TPAYUATOTOMONKE TEPUITEP® UEAETN
pe RT-PCR. 'Yotepa and Kovovikomoinon tov dedoUEVOV Pe TO YOVidlo avapopds (
GAPDH) 10 amotehéopoto €d€i&av OTL Ogv TapATNPEITE ONUOVTIKY adENOT TOV
emmédov mMRNA 1tov yovidiov oe clhykpion pe tig kaAlépyeieg eréyyov (Ew 3.23). H
avaALoN TOV SEIYPATOV pE NAEKTPOQOPNON o€ 2% KT ayapoing £0eiée OTL otV
avtidopaon TGS aAVoI®TNG ToAvuepacng oev vanpyav moapampoidvra (Ew. 3.22).
[Mapdéro mov dev mapatnprnke n embBounty avénon tov mRNA ta amoteléopota
emPefaimoay To SEdOUEVO TOV UIKPOGLGTOLYIOV OOV 1M OTOTICTIKN OVOAVLCTN 7OV
éoeyve mBavotto peyoAvtepn and 0.05 kol emopévag vmodeikvue avaélomotioo g

TOPOUTPOVUEVIS OENOTG, EMAANOEVTNKE.
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Ew. 3.23. Métpnon tov emrnédov mRNA K-Ras pe  alvodot) avriopaon
nolopepdong mpaypatikov ypovov (q RT-PCR). Ta kvttope enwdotnkov pe 10
vaep-avtiyovo SEA, mapovoio 1 Opr tov V3 memtidiov. Ilpaypatomoun)Onke
KOVOVIKOTTOIN G YPNOILUOTOLAOVTAS S YOoviowo avagopds 1o GAPDH. Ov tipéc

IVTUTPOGMOTEDLOVY TNV TVAIKI oaokALoN (£ SD) amod Tpels TEYVIKES ETAVOAYELS.
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3.3.10 Merétn g ék@paong Tov CD38 vmodoyta

To CD38 gival évog TOAVAEITOVPYIKOG VTTOSOYENSG TOL PBPICKETOL GTNV KVTTOPIK
pepuPpévn tov B kot T Aep@okvttdpov, TV HoKpo@dymV, TV TAAGULOKVLTTAP®V TOV
evBpokvttdpmv kot dAlov (Mehta, Shahid et al. 1996; Fernandez, Deaglio et al. 1998;
De Flora, Zocchi et al. 2004). Aettovpyikd, eivor évo eEmEVILHO OV LETATPETEL TO
NAD+ oe wxokhikd6 ADP-pifoln (cADPr) kot m petatpomn ovt onpotodotel €va
KOTOPPAKT] O omoiog odnyel oe amelevBépwon 1Ovtov acfeotiov amd TO
evoomAacuatikd oiktvo oto kuvtrapdémiacpo(Howard, Grimaldi et al. 1993; Franco,
Guida et al. 1998). ITio ovykexkpipéva, ota T AeppoxvtTapa £xel detytel OTL EUTAEKETAL
GTNV EVEPYOTOINGT KOl T®V TOAALOTAAGIACUO TOV KLTTAPAOV, GTNV EKKPIOT] KUTOKIVDV,
oe vrepékepaoct Tov CDI9S5 kot CD28 popiov kabmg Kot 6Ty omdnTOon TOV KUTTUP®V
(Alessio, Roggero et al. 1990; Funaro, Spagnoli et al. 1990; Ausiello, la Sala et al. 1996;
Morra, Zubiaur et al. 1998).

DAY &

Ew. 3.24. Avaivon g ék@paong tov CD38 vmoodoyxéa ota CD4/CD45SRO T
kVtropa. Ta kdtrapa ermdotnkay pe to vagp-aviryovo SEA, mapovasia n 6y Tov V3

nENTIOI0V KoL 1] pETPNON TPOYRATOTOUONKE GE KUTTUPOUETPNTI] POTG.
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H avdivon tov pikpocsvotoyidv £deiée avénon tov emmnédmv oo mRNA tov
yovidiov tov CD38, 2,2 ¢bdpeg mepiocdtepo and Tig KoAMépyeeg eAéyyov. T va
dwmotodel v avt) N avénon ota eminedo MRNA cuvodevetan omd avénon Kot ota
eminedo. TG MPOTEIVIG TPAYLOTOTOMONKE KIVNTIKY  QOWVOTLTIKY OvAALGN TOV
CD4/CD45RO T xvttdpov pe kuttapopetpion pong. Ta anoteAéopoto motonoincay o
O€00UEVA TV IIKPOGVOTOYLOV apov T0 V3 mentido mpokdiese adENom g EKQpaons
tov vodoyéa CD38 ota evepyomomuéva CD4/CD45RO T kottapa (Ew 3.24). Meydio
EVOLOQEPOV  TTAPOLGLALOVV Ol YPOVIKEC TePiodol mov mapatnpeitoar 1 adENoN ToL
VIod0YEN KAOMG OTIG 101EG YPOVIKEG OTIYUEG TOpaTnPONKE AOENCT TOV EVOOKVTTOPIKMDV

acPeotiov, Tov vrodoyéa CDI9S kat g andnTOOoNG.
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4.1 To V3 @oivOpEVO GTNV YEVIKEVUEVT] GVTLYOVOTTUPOVGINGT]

O a1toAoYIKOG TOPAYOVTOS TNG EMIKTNTNG AVOGOAOYIKTG AVETAPKELNS Eivar 0 10¢
tov HIV. To xipro yapoktnpiotikd g porvvong tov HIV-1 givon | fabuioio erdttwon
Tov appod Twv CD4 T kuttdpov mov oeeiletor oe avénuévo Kuttaptkd Odvato kot
OVIKOVOTNTO, TOL OUOLOGTOTIKOD UNYOVIGHOD TOL OPYOVIGHOD VO OVOTANPOGEL TNV
anoAieln Tov Kuttdpov. H mietovomra tov CD4 T kuvttdpwv mov mebaivovv Katd tnv
HOKPE 0GVUTTOUATIKY @dom OV €xovv LoAvvOel amd Tov 16. [Tapdrio mov Exovv mpotabel
duapopot unyovicpot ta akpPn aitio etvor axopo Vo depedvnon. ApKETEG TPMTEIVEG
TOL 100 €yovv Tpotabel 6T eumAékovtan otV TafoyEvelo ToV 100, LLE EMKPOTESTEPT TNV
yAvkompwteivn gpl20, ympic Opmg va vrdpyel KAmTO0G Unyavicpdg mov va eényel v
nafopucioroyio TG LOALVOTG.

M Bewpio mov emikpatel amodidel Tov kvtTopwd Odvato oty ypdvia
EVEPYOTOINGCT] TOL  OVOCOMOINTIKOV GULGTNUATOS TPOKAAMVTOS KLTTOPIKO Odavoto
enayopevo amd evepyomoinom. Meléteg €deiav O6tt M poOilvvon pe tov HIV-2
akolovBeitar amd younAOTEPA EMIMEDQ EVEPYOTOINGNG TOV OVOGOTOINTIKOV GLGTHOTOG
mov &nyel ™ mo apyn peiowon twv CD4 T wxvtrapov (Michel, Balde et al. 2000)
(Marlink, Kanki et al. 1994). Eniong, pewwpéva enineda gvepyomoinons tov T kuttdpmv
aro v HIV-1 odnyel oe peiwpéva eninedo poivvong (Koning, Otto et al. 2005). H
onupacio g ¥poviag evVeEPYOTMOINGNG TOV AVOCOTOMTIKOV GUOTHUATOS amd tov HIV-1
gykerrar oto yeyovog OtL M €EEMEN g HOALVONG eivon oTEVA GLVOEOEUEVI] UE TNV
EVEPYOTOINOT TOL OLVOGOTOUTIKOD GUGTILLOTOG KOl 1] EKQPOGCT] LOPTOP®V EVEPYOTOINOTG
oTO KOTTOPO £ivot TOAAEG POPEG TTO XPNGUN otd OTL 01 LETPTGELS TOV UKOV (POPTIOL Kot
0V appod Twv T kuttdpov Yo TV Tpdyvemon g eEEMENG g poAvvong (Hazenberg,
Otto et al. 2003) (Landay, Benning et al. 2003). Edv 6pumg n avénuévn omdntwon tov
CD4 T xuttdpmv ogeidetarl otnv ¥povie EVEPYOTOINGT TOV OVOGOTOUTIKOU GUGTHILOTOG
101 TO gpOTMHO glvan yiati dev mapoTnpeiton T0 {010 POIVOUEVO KOl GE GAAES YPOVIEG
yeveig poivvoelg; Tt to wWwitepo yvopopo &xer o 16¢ tov HIV mov pmopei va

TPOKAAECEL TETOL0V E100VC KLTTAPIKA QALVOUEVQL;
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OEAMOVTOG VO ATOVTI|COVLE GE OTA TO EPMTNUATO, LEAETHCAUE TOV UNYOVIGUO LE
10 omoio o 10g HIV-1 mpoxodrel kuttapikd Odvoto emaydpevo amd evepyomoinom kot
Wwitepa v epumiokn g Tpitng petapintmg mepoyng (V3) g yAvkompwteivng gpl20
oTNV &vepyomoinom Kot amdnT®on TV Kuttdpmv. H 181dmrta tov 100 va odnyel ta
evepyomomuévo. CD4/CD45RO T kivttopa o kuttapikd Odavato, yeyovog mov dev
neplopileton povo ota HIV edikd T wdtropa aAld yevikd oe Olo ta T xotTopa mov
amavtobv oe kamowo avtiyovo (Hazenberg, Hamann et al. 2000), pog ®bnoce va
pereTnoov e TNV TaBoyEVELD TOV 100 OO L0l VOGOAOYIKT) OKOTILEL KOl VO OlEPEVVIICOVLLE
™V EUTAOKY] TOV V3 EMTOTOL GTOV UNYOVIGHO TNG OVTIYOVOTTOPOLGIOGNC.

[Ipoyevéotepeg HEAETEG TNG EPEVVNTIKNG ORADOG EJEEAV OTL TO OEKATEVIAUEPES
ovuvhetikd memtidlo ¢ V3 mepoyng Otav Ppiloketal omnV  KLTTOPIKY HeUPpavn
OVTIYOVOTIOPOVGLOOTIK®OV KUTTAP®V KOTE TNV O8pKEW TNG OVTIYOVOTOPOLGIOoTG,
aAANAETIOPA TOVAG IOTOV pe TOV VtodoyEa ynueokvav CCRS kot mpokadel evicyvuévo
TOAATAOGIOOUO TOV KLTTAP®OV akoAovdnpévo and avénuévn amodmtwon (Zafiropoulos,
Baritaki et al. 2001) (Zafiropoulos, Baritaki et al. 2001) (Baritaki, Zafiropoulos et al.
2002; Krambovitis, Zafiropoulos et al. 2004; Krambovitis and Spandidos 2006). H
avtryovoroapovsioon emtevydnke pe v ypnon mmg toéivng tov tetdvov oe PBMC and
alpodoTeEG OV ElYaV TpoNyoLREVES epfollacTel pe TO EUPOAO KATO TOL TETAVOUL.
Emopévog 1o V3 gawvopevo mapatnpndnke ota avapvnotikd CD4/CD45RO T kdtrapa
LVIAUNG TOV AGY® TNG EWIKOTNTAG TOVG Yol TOV TETAVO VITOAOYI{ovVTaL OTL ATOVTOLV GE pia
cuyvotnta 1 ota 10°-10° T khrrapa. Oéhovag va amodeifovpe 6Tt 10 V3 Qatvopevo dev
eCaptdrar €W0KE amd TNV avtiyovomapovsioon TG Toéivng TOv  TETAVOL OAAG
ToPOTNPEITOL YEVIKA KOTA TNV S0IKAGI0L TNG OVTIYOVOTTAPOVGIOGNG XPNCULOTOUCOLE
mv evtepotoéivi A tov otapuidkokkov. H SEA mpokaiel yevdo-aviryovomapovsioon
pe 1o va mpocdévetor pun ewdkd oto taéng II MCH podpio kot tov TCR gvepyomoidvrog
nepinov 10 25% tov T xuttdpov.

H evioyvpévn evepyomoinomn 1ov moALUTAAGIOGHOD TV KVTTAP®OV GE GLVAPTNON
pe v avénuévn amdmtmon kot v tavtoroinon towv CD4/CD45RO T kuttdpmv og tov
KOpo vromAnbvoud tov T Aeppokvttdpmv mov ennpedletal, omodelkvoovy 0Tt T0 V3
QOIVOUEVO OlOTNPEITOL KOl OTNV YEVIKEVUEVT OVTIYOVOJLEYEPTT TOV KLTTAPMV Kot OgV

elvar egoptodpevo amd v €WK aviryovomopovsiaon tov tetdvov. Ta avEnuéva
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enimedn PaptOpOV gvepyomoinong OmmG o vmodoyéag tviepievkiving-2 CD25 kot o
vrodoyéag omontwong FAS (CD95) ota CD4/CD45RO T kdttapa vmodeikviovy v
évtovn evepyomoinon TV Kuttdpmv mov 10 V3 mentidio mpokadel. Ot cuykekpipévol
VTOd0YElS £ovv gumAaxel otV pLOUICY TG ATOTTOONG TOV KLTTAP®V Kot Bempovvron
apKeTd onpoavtikol emoywyelg kvttapikoy Ooaviatov emaydpevov amd EvePYOmOinom
(Alderson, Tough et al. 1995) (Schmitz, Krueger et al. 2003). Znpoavtiké poAo GTO
Boroykd @awvopevo mbavov va dwdpapatilel o petaypagikdg mapdyoviog YY1,
epooov eldttmorn Tov emmédov tov mRNA tov, v nuépa pe TOV pEYLOTO
TOALUTTAOGLOG O OTt®G Oiape, GLVOSEDETOL PE ADENCT TNG EKPPACTG TOV VITOOOYEDV
CD95 ko CCRS5 tov omoiwv v ék@pacn puOuilel avaoToATIKA.

H évtovn evepyomoinon tov Kuttdpmv onuatodotel v avénon Tov enmédnv
EVOOKLTTOPIKOV 0oPecTion TOL KAT® omd CLYKEKPWEVESG OLVONKEG pmopel va
npokoAécel Kuttaptkd Odvato (Mattson and Chan 2003; Lang, Foller et al. 2005). H
avénomn TV papTOPOV EVEPYOTOINONG GE CLVAPTNON HE TNV a¥ENCN TOV EMTEI®V
eVOOKLTTAPIKOY aoPeotiov oTIg 101EC YPOVIKEG TEPLOOOVE TOL  TOPOTNPEICOLE
TEPOUOTIKG KO 1 aENUEVT OTOTTOOT TOV KVTTAP®Y GVVAGOLY 6T0 OTL T0 V3 TenTido
TPOKAAEL TNV £VTOVI EVEPYOTOINOT TV KLTTAP®V KOOIGTOVTAS T TOPAAANAL gvaicOnTo
o€ amonmtOTIKG epediocpota mov TEMKE 0dnyodv otov Kuttapikd Bdvato. Eropévag to
TEWPAUATIKO HOVTELO TTOL amewkoviletatl otny eikova 4.1 TpoPfAEnel TV EVOOUAT®OON TOV
MITOTENTIOOV TNV EMPAVELD TOV LOKPOPAY®OV TO, OTTOI0L GTNV CLUVEXELD OAANAETLOPOVV
LLE TOV VTOSOYEIS YNUELOKIVAOV GTNV EMPAVELN TOV T KOTTAP®V Kot KT TNV O1dpKELR TNG
yevdo-avtyovomapovsioons tov SEA mpokaiodv xvttapwd Odvato emaydpevo e

evepyomoinom oto CD4 T kottapa.
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ACTIVATION INDUCED CELL DEATH
(AICD)

APOPTOSIS
PROLIFERATION 3

% V3 peptides U MHC Class II molecule
O Liposomes wa CCRS5 Chemokine Receptor

kL SEA I T Cell Receptor (TCR)

Ew. 4.1. Ileprypa@ikn) omeKOVION TNG TEPONOTIKIG OL0OIKACIOS OF

ovvapTNGT pE TO roroyiké @arvopevo.

To mopamdved HOVIEAO TPOGOUOALEL TNV  KOTACTOOT TOV  HOAVGUEVOV
LOKPOQAY®V TO. omoio Katd tnv poilvvon tovg amd tov 10 HIV-1 exppdalovv oty
EMPAVELD TOVG TNV YAvKompwteivn gpl20. Emopévmg mpoteivovpe 0Tt To LOALGUEVOL PE
TOV 10 HOKPOPAYO, TOV £XOVV OKOUO TNV IKAVOTITO VO, OVTIYOVOTTOPOLGLALOVY avTLyOva,
oAnAemdpovv pe to T kottapa. Koatd v didpkela g avrryovomapovsioong n gpl20
OAANAETOPA [LE TOVAGYIOTOV TOV VITodOYER Ynpelokivay CCRS emdryovtag v amodmtmon

tov kuttapov (Krambovitis, Zafiropoulos et al. 2004) (Krambovitis and Spandidos
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2006). A&loonpeimTo ivar To YEYOVOS OTL APKETEC LEAETES OVOPEPOLV TNV LEGOAAPMON
tov APC omyv gnayoyn éupeong oandntoong tov un poivcpévev T kuttapov (Herbein,
Van Lint et al. 1998; Majumder, Venkatachari et al. 2007) (Oyaizu, Adachi et al. 1997).
Evdwapépov mapovstdlel To yeyovog 0Tl TPMTEIVES TOV KLTTAPOL, OTWOS TO TAENG
I MHC popro kot o vmodoyéag B7-2, evoouatdvovrar otov ukd @dakero tov HIV-1
dlnpavrog TV Asttovpykotnto toug(Arthur, Bess et al. 1992; Bounou, Dumais et al.
2001). Emopéveog ta ukd copdtio givol tkava vo mapovctdcovy avityova ota T kbttopa
TPOKOAMVTOG KLTTaPKO Odvato emayouevo amd evepyomoinorn. Avty 1 vmdbeon
evioyvetonr ond TG moapatnpnoelg twv Holm et al ko e€nyel 1o ovénuéva mocootd
gvepyomoinong Kot  omOMTOONG 7oL  mopatnPNOnkav  Otav  ocopdtie  giyov
evoopatopéva to tédéng I MHC poprar kot tov B7-2 vrodoyéa otov ukod gdxero (Holm
and Gabuzda 2005). O HIV-1 poAbdvel katd mpotipnon evepyomomuéva T koTTOpo 0pov
0 €VOOKLTTAPIKOG UNYXOVIGHOG OTMV TOV KVTTAPOV €UVOEL TNV OVTLYPOQY TOV UKOV
yovioropatog (Nabel and Baltimore 1987) (Lassen, Han et al. 2004). Otav o 10¢ emitoyet
NV HOAVVOT] TOV KLTTAPOV, UKEG TpwTeiveg OTmg 1 Nef eumodilovv Tovg amonTmTikovg
pnyoviopovg tov kuttdpov(Greenway, McPhee et al. 2002) (Greenway, Holloway et al.
2003) (Fackler and Baur 2002). 'Exyovtog vroym 6t pévo 1 ota 10.000 1ocopdtio eivon
poAvcpatikd, (Dimitrov, Willey et al. 1993) eivatr mBovov o 10¢ va ypnoiponotetl v
aVTIyovoTapovsioon Kot to V3 @owvopevo yuo va eEac@aAicel TV evepyomoinon TV
CD4 T xuttdpov 6To(®V, £T61 MGTE VO EIVOL TTLO ATOTELEGLOTIKA EPYOCGTAGLO TAPAYMYNG
OOOUTIOV. Xg TEPIMTOON OTOTVYNUEVNS OAOKANpoNS TS LoAvvong Ta T kbtTapa eivon

Kkatadkaopéva va tebdvovv and AICD (Baritaki, Zafiropoulos et al. 2002) (Ewc. 4.2).
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ACTIVATION INDUCED APOPTOSIS

APOPTOSIS

"'t CD4 Receptor
wy CCRS5 Chemokine Receptor
ll T Cell Receptor (TCR)

T opi20
o Antigen

Il MHC Class 11 molecule

Ew. 4.2. Zynpotikn avoropactact e mlavoroyovpuevng opaong Tov 100 Katd Ty

ROAVVOT] TOV KVTTAPOV GTOYOV YPNGLUOTOLOVTAS TO V3 QUIVONEVO.

4.2 EvookvTttopikd povomatio

Amd v otiypr] mov n V3 mepoyn evepyomotel o T kotTOpo, £vOOKLTTOPIKG
HoVOTdTio. dpacTNPlomolovvTot o onoia 0dnyovv oe AICD. T vo amoavticovpe moo
elvar 100 OMUOVTIKOTEPO  HOVOTATIOL  TTPOYHOTOTOMONKOY — HKPOGLOTOUYIEG
ocvpmAnpopatikod DNA yu v e&akpifmon tov Kuplopymv onUdTov mov eUTAEKOVTOL
oto eoawvopevo V3. H avédivon tov dedopévav avédelte 378 yovidwo LE OTATIGTIKMG
avénuéva kal 61 yovidia pe otoTIoTIKGG pelopéva enimeda mRNA, mov delyver v

TOALTAOKOTITO, TOV GLUGTNLOTOC.
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4.2.1 Meraypapikog mapayovrac NFATS

Emedn o ap1tOpog tov yovidiov Ntav HeyaAog EMAEXTNKOV CLUYKEKPIULEVA YOVIOLOL
Yo TPOTOPYIKEG PEAETEG T omoia Bewpnoape onpotvikd. O HETOYPUEIKOS TOPAYOVTOG
NFATS (nuclear factor of activated T-cells 5) amotelel iomg TO MO GNUOVTIKO YOVIOL0
amd TO0 GLVOAO TOV VIEP-PETAPPUcUEVOV Yovidimv. O NFATS avikel oty owoyévela
tov NFAT petaypagikav tapaydviov mov eivar veehBuvvol yuo v gvepyonoinon twv T
Aeppoxvttdpwv. Evepyomoinon tov NFAT mpoteivov amortet v Opdon g
KUTTOPOTAAGLOTIKNG TPMTEIVNG calcineurin 1 ékepaocn g omoiag pvbuiletor and v
avénon tov emumédov TV gvdokvTTapIK®V acPeotiov (Macian, Lopez-Rodriguez et al.
2001; Serfling, Berberich-Siebelt et al. 2004). H calcineurin amo@®o@OpLAGVEL TIg
NFAT npwteiveg o1 0moiec 6TV GUVEKELD LETOPEPOVTAL GTOV TUPTVE TOV KLTTAPOL OTOV
pvOuilovv Vv €keppaoct yovidiov mov oyetiloviol pe TNy evepyonoinon tov kuttapov. H
doukég oapopéc g mpwteiviig NFATS oe ouykpion pe Tig vroloureg mpwTeiveg g
{dlog owoyévelng aiveTar vo emnpealovy Kol TIG AEITOVPYIKES TG 1W010TNTES. 'ETol
NFATS ekt0g toov GAA@V pEPETOL VO PNV SLOBETEL TNV avTicTOyN TEPLOYT| TPOGOEGNS TNG
calcineurin mov vdpyet otig vworoueg NFAT mpwteives. ' avtd tov Adyo peyoddtepn
Bapvmta éxet dobel oy wavotnta tov NFATS va puBuilet yovidia mov oyetilovron pe
NV POOIIGN TOV OCUMTIKOV GTPEG, KOl VIEPEKPPACT] TOV YOVIdiov €xel cvoyeTichel e
avénon g docpmons. Meréteg £6e1&ov OTL LT 1) SLSIKAGTN TPOLYLOTOTOLEITOL OITOVGIN
g 0paong g calcineurin kot ywoo aVTO MOTEVETO TOS €lvar 1 KOPLAL AErTOoVPYiol TOL
NFATS5(Lopez-Rodriguez, Aramburu et al. 1999; Aramburu, Drews-Elger et al. 2006;
Tong, Guo et al. 2006).

‘Exet 6pmg v duvatdt o autdg 0 HETAYPOPIKOG Topdyovtag va puBuilel tnv
evepyomoinon twv T kuttdpov KOTA TNV OVIIYOVOTOPOLGIOCT KOl OV Vol TOG O
GLYKEKPYEVOG UNYaVIoLOG oyeTileTon pe to @avopevo tov V3; Zoueova pe tovg Trama
et al o NFATS éxel v Aettovpyikn wkavotnto vo pvOuiler v evepyomoinon towv T
KUTTAPWV VOTEPO OO KATOIO0 OVILYOVIKO €PEOIGHA aveESOPTNTOS TOV OCUMTIKOV GTPEC

(Trama, Lu et al. 2000). Evdwpépov mapovcstalel to yeyovog 0Tt GLVEIECHY QTN TNV
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KavotnTa pe v mopovsio g calcineurin, epOGoOV £vag ovaGTOAENS TG OpAong TG, M
Kukhoomopivi) A (CsA), avéotetre v evepyomoinom tov NFATS kot xat’ enéktaon v
gvepyomoinon tov kvttdpwv. Emiong mpoteivovv O6tL m evepyomoinomn tov NFATS
OPEILETOL OTNV TOPOTETAUEVT ETOPN LETOED TOV OVTIYOVOTAPOVGLUGTIKOD KVTTAPOL KOt
to0v T KVTTéPOoV TOL 0ONYNGE GTNV AVENUEVT] CNUOTOSOTNON. ZVYKEKPILEVO AVAPEPOVY
ot petaypagikoi mapdyoviec, o0nmwg o NF-kB kot o NFATc, evepyomolovvtal og
OLLPOPETIKEG YPOVIKEG OTIYUEG OVAAOYOL LE TO, EMIMESD OGPECTION KO TNV OLAPKELR TNG
evepyomoinong ond tov T vmodoyéa (Timmerman, Clipstone et al. 1996; Dolmetsch,
Lewis et al. 1997; Dolmetsch, Xu et al. 1998). 'Etcl ev®d éva cOviopo oo Le HKpn
avénon tov emmédov acPfectiov pmopel va odnynoet oty ékepaorn tov NF-kB og
GUVTOHO YPOVIKO dtdoTnua (LEPIKA AETTA), LEYOADTEPT OOENGT TOL EMTESOL 0GPESTION
AMyo g moapoateTapévng evepyomoinong tov TCR €yel og amotéhespo v O0pKN
gvepyomoinom g calcineurin, kot €VOEXOUEVOS Kol GAADV TOPOYOVIMV, TOV 031 YOVV
omv kabvotepnuévn éxppoaon tov NFATS. Enopéveog aviydva pe peydin cvyyévela
OV TPOKOAOVV TOPATETAUEVT 1oYLPT| evepyomoinon Tov TCR €yovv wg amotédeoua v
ouveyouevn avénomn Tov €VOOKLTTAPIKOV acPecTiov mov 0dnyel otV £KEPOCT TOL
NFATS pe éva péypt toopa ave&epevvnto unyavicpd mov evoyomotetl tnv Calcineurin.
Yvvenadg n evoyomoinon tov NFATS oto V3 @oawodpevo kot 1 dto@ovopevn
wavotto Tov va evepyornotet ta T kOtTapa VoTEPA OO TOPATETAUEVT] EVEPYOTOINGT) TOL
TCR vrodoyéa mapéyxet xpnoes TAnpoeopieg yio Tov unyavicpd mtaboyéveag tov V3
EMTOMOV €POGOV 1M SAPKELD TNG AVILYOVOTOPOVGINONG PEPETUL VO ATOTEAEL OMUAVTIKO

0TAO10 OTNV eVIGYLUEVT evepyormtoinon Tov T kuttdpomv.

4.2.2 Ynoooytag CD38

To CD38 &ivatl évog TOAVAEITOVPYIKOG VTTOOOYENG TOL £XEL EUTANKEL GE APKETES
KUTTOPIKEG AEITOVPYIEC OMWG OTOV TOALATANGLOGUO, OTNV OTOMTOOTN Kabmg emiong Kot
ota evookvtTapikd onuata tov T kuttdpov. H Aertovpykn tov dpdon diénetarl omd v

KovOTNTO TOL VITOJOYEN VO TPOKAAEL aHENON TOV EMTESWV EVOOKVLTTAPIKOD acPecTion
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EVEPYOTOIDMVTOG TEPOITEP®  EVOOKVLTTOPIKA HOVOTATI. To 7OCO OoNUavTIKO pOAO
dwdpapotilel oty voco tov AIDS amodewkvietar and to 61l acheveic polvopévol e
tov HIV-1 éyovv avénuévo mocootd CD4 T kuttdpmv HE TOV GUYKEKPYUEVO VTTOJOYEN
Kot M Ekepaon Tov oyetiCeTon pe v emdeivoon g acévewng. Ievikd 1 Ekppoomn tov
CD38 mapatnpeitor kupiowg ota pn poivopévo evepyomompévo T kdTTapo 1010utépmg
Katd v aocvpntopotikn edaon(Giorgi, Ho et al. 1994; Lenkei, Bratt et al. 1998;
Savarino, Calosso et al. 1999), yeyovdc mov cvpfoadifetl pe ta amotelécpata Hog mTov
delyvouv vrepékepacn tov vrodoxéa ota gvepyomompuéva CD4/CD45SRO T kdtrapa.
Enopévog 1o amoteléopata pog mpoteivouv OTL 1) LIEPEKPPACT] TOL VTOOOYEN TOL
napotnpeitoar ota evepyomompéva T kottapa tov acBevov mbavov vo tpokoieiton omd
v enidpaon g V3 meployng.

O unyaviopdg dpaong tov CD38 omv maboyéveln tov HIV-1 givar akdpa vmod
depevivnon. Ot Saravino et al npoteivouy 611 10 CD38 mpocdévetal otov CD4 vmodoyéa
oynuatifovtag cOUTAOKO TOL EVVOOVV TNV TPOcdeon pe v gpl20(Savarino, Bottarel et
al. 2000). Ocov agopd Vv gvepyomoinon twv T kvttdpwv mpoteivouv 0Tl umopei va
ovpPaiel oto va Ponbdet oty evepyomoinon TV OTEPNUEVOV OO VOLKAEOTIOWN
KUTTApWV. Avti 1 WidtTo pmopel va 1oyvel kot 610 V3 @avouevo, Opmg Adyo g
1wWwtag Tov CD38 va endyst avénon tov emmédmv acPection Kot XN AN TG
EKQPAONG OTO TEPOUOTIKO OGS LOVTEAO GUUTINTEL XPOVIKA LE TNV 0OENOT TOV EMTEI®V
acPeotiov OAAG Kot TNV amOTTOON TOV KLTTAPWOV, TIGTEVOVUE OTL EVOEYOUEVMS VO
Swdpapotiler onuavtikd porlo oty enaywyn tov AICD. To CD38 éyel deyytel ot
EMAYEL OMOTTOON UE TNV EUTAOKY| TG calcineurin €pdGOV N OMOTTOON TOV KLTTAPW®V
opeNOTaV og avEnon g Ekepaong Tov FAS vrodoyéa n onoio oy wapdAAnin pe v
avénon tov CD38 kot 1 amOnTTOON AVESTAAN OTOV YPNOYOTOINGOV KLKAOGTOPivN
A(Morra, Zubiaur et al. 1998). H emaywyn g anont®ong nTav HEYOAHTEPT] OTAV VINPYE
10 ouvdleyeptikd ofuo tov CD28. "Evag mbBovog punyoviopdg eivor - avénon g
éxppaong Tov CD38 va mpokdAiese adEnom tov evookLTTOPIKOD aGRECTION TOV 0dNYel
omv gvepyomoinon g calcineurin kou Kot’ eméktaon evepyomoinon twv NFAT
LETOYPAPIKOV TOPAYOVI®V. XLVEn®G M avénon tov CD38  amd 10 V3 memtido
mBoavoloyeitar 0Tl dev elvar amAd pdptupag evepyomoinong aAld iowg va Exel evepyd

POAO 6T0 PLOAOYIKO PAVOUEVO TOV KLTTOPIKOV HavdTov
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4.3 IIpotetvopevog punyavicpuog

Ta amoteAécpoto Tng TOPovoHg OWOKTOPIKNAG OTpPpng, €KTOS TOL  OTL
evamofétouv pioe onupovtikny Paorn OedOUEVOV  YloL TNV TEPAUTEP® UEAETN TOV
EVOOKLTTAPIKAOV SNUATOV TOV V3 @avopévov, TpocdidovuV GUVALO OPKETO EVOEIKTIKA
otoyeia ywo Tov pNYoviopd Opdong tov V3 emitomov mov ypnlovv mEPUTEP®
depevivnong. Xvvoyilovtag ta arotedéopata, 1 ovénon tov vrodoyxéwv CD38, CD25
kot CD95 otig 1d1eg ypovikég meplddovg mov mapatnpeitor N avénon Tov EMTEI®V
EVOOKVLTTAPIKOD 0oPESTION Kot 1 LENUEVN ATOTTMOGT, GLVITYOPOVV TNV TOPOTETAUEVN
gvepyomoinon TV KuTtépmv mov mpokdiece 10 V3 kou glye G omotélecuo TNV
amoOmT®OOoN TOV KuTtdpwv. Q¢ emPefainon tng mopondve vrobeong evomobETeETOL M
eumAokn tov petaypaekod mapdyovia NFATS, o omoiog gaiveton va evepyomoteitot amod
napateTopévn evepyomoinon tov TCR vmodoyéa. Xvvem®dg TO TPOTEWOUEVO HOVIEAO
vofétel 0Tt t0 V3 gUmAEKETOL OTO OIEYEPTIKO ONUO 7OV TPOKOAEITE KOTA TNV
OVTLYOVOTOPOVGIOOT) LE OMOTEAEGHOL VO TPOKAAEL TNV aENOT TV EMTESWV aoPECTION
mov odnyel otV €kepaocr tov NFATS kot éxel o¢ amotéhespa v €vepyomoinom tov
KLTTAPOV.

‘Evag mBavog unyaviopog yioo mv evioyvpévn evepyomoinon towv T kvttdpov
moteveTol OTL Pmopel va omoTeAEL TO POVOLEVO TOV TTEPLYPAPTNKE 0md TOLg Molon et al.
2y peAdétn tovg mhveo otovg vrodoyels ynueokivav CCRS kor CXCR4, kor v
EUTAOKT] TOLG GTO CNUO TNG OVTIYOVOTOPOLGINoNS, £3e1E0v OTL KATA TNV JIUPKELD TNG
OVTLYOVOTOPOVGIOOTG Ol GUYKEKPIUEVOL DTTOOOYEIS GTPOUTOAOYOVVTOL GTNV OVOGOAOYIKY|
ovvayn kovtd otov TCR kat puBuiovv v dudpkela g oadikaciog(Molon, Gri et al.
2005). ITo ovykekpréva £6e1Eav OTL 01 GLYKEKPIUEVOL VTTOJOYEIS AAANAETIOPOVV LE TOVG
(QLOLOAOYIKOVG TOVG OECUEVTEG otV empdveln. Twv APC, yeyovdg mov mopoateivel tnv
dldtKacior TG aVILYOVOTOPOVGIOoNG KOl GUVTEAEL GE EVIGYVUEVO GNUO EVEPYOTOINONG
ota T kottapa(Viola, Contento et al. 2006).

2Ouemva e TO TPOTEWOUEVO HOVTEAO TOL V3 @awvopévov Pacilopevo oe pio
avooukn ovvayn, 1o tentido Ppioketar oty empdveln Twv APC kot aAANAETOpOVTOC

TOVAd oTOV HE ToV vodoyéa ynueokvav CCRS, mpokaiel evioyvpévn gvepyomoinom
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tov T kuttdpov kotd v aviryovorapovsioon. Enedr n torobétmon tov mentidiov
oV empaveia Tov APC glvar apketd otabepn kot 1 aAinienidopaon pe tov CCRS givan
OVTIKNG pUoEMG, ToTevETOL OTL T0 V3 aAdniemidpd pe tov vrodoyéa CCRS oto onpeio
NG OVOGOAOYIKNG GOVAYNG, EVioybovTag TNV YeVikn tpdcdeomn tov T kuttdpov ota APC,
KOl TPOKOAMVTAG £TCL TOPATETAUEVT] EVEPYOTOINGN TOL KLTTAPOL. To TOPATETAUEVO
OO JEYEPONG EYEL MG OMOTEAECUA TNV OlOPKN avEnon Tov emmédwv acPectiov mov
oonyel, péow g calcineurin, omv evepyomoinon tov NFATS. Extoc tg dpdong tov
CCRS5 g ovvdetikov popiov 7y TNV EMPUNKLVON NG OWPKEWS NG
OVTLYOVOTOPOVGIOONG, GOV VITOOOYENG YNUEOKIVAVY, EXEL TNV KAVOTNTO VO OVEAVEL TNV
oLYKEVIPp®ON TV ooPectiov omdte G OCLVAPTNON HE TO GUVIIEYEPTIKO OCNUOTO
eVOEYETOL VO €xEl OAO POLO LE TO VO GUUPAAEL pE EVOOKVLTTOPIKA CNUOTO GTNV
gvepyomoinomn tov T kvuttépov(Oppermann 2004).

Extog and ta emPeforopéva omoteAéopata, 1 GvOADON TOV UKPOGLOTO(LOV
avédelEe yovidwo Tov omoimv 1 ékepaocn oev £xel emPePformbel Kot 0mOTEAOVV ONUOVTIKA
KOUUATIO GTNV GUUTANPMOGCT TG EKOVOS TOV EVOOKVTTAPIKOV CNUAT®V TOL cLUPArlovy
otV evepyomoinon tov NFATS. Térowa yovidia eivar to IPTR2 mov elvar o vmodoyéag
TOV EVOOMAUGUOTIKOD OIKTOOL 7oL oyetiletar pe v anelevBépwon tov 1OVIOV
acPeotiov mov Bpiokovion arobnkevpéva péca 6to evoomracpatiko diktvo (Hernandez,
Leite et al. 2007) (Endo, Harada et al. 2006), n tpwteivi KPNA mov petagépet tig NFAT
TpwTEIVEG oTOV TTVPNVO, Kot To. Yoviole CAMKK?2, CAMKI1D, CAMK2D nov pali pe
v calcineurin gvepyomolovvtol amd v calmodulin péowm g avénong tov emmédmv
acPeotiov (Ew 4.3). Eniong mapamnpeitor avEnpévn petdepoon oto yovidla, Onwg to
PK3R1, PDKI kot COT, mov K®OOKOTOWOVV TPOTEIVEG TOV GUUUETEXOVV GTO
EVOOKLTTAPIKO pHovoTdTt Tov vVodoyéa CD28 omoiog petadidel cuvOlEYEPTIKO G KOTA
NV JEPKELDL TG OVTLYOVOTAPOLGIOOTG KOl TO 0Toio oyeTICETOL e TNV YPOVIKN dldpKELDL
¢ mpocdeonc. H emPePaimon g eumAokng 1 0yl TV Topamdve yovidiov Oo ddoet
ONUOVTIKEG TANPOQOPIEG Yoo TV €E0KPIPOOT TV OpPYIKOV LOVOTATIDV OV 001YOLV
GTNV EVEPYOTOINGT TOL KLTTAPOV.

O mopoamdve pnyovicpds mGTELETOL OTL TPOKAAEL TOL TPOTAPYKE CYLOTO TOV
OmOTEAOVV TNV amoapyn Tov Proloyikol @awvopévov oto T kvttapa. H mapotetapévn

onuatodotnon oonyet oe evepyomoinomn tov NFATS mov mpokoarel v €viovn di€yepon
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TOV KVTTAPOL KOl TNV £KPPOCT TOV HOpTUp®V gvepyomoinong, CD25, CD38 kot CD9S.
2y ékeppaocn tov CDIS kot tov CCRS moAd mbovov vo GUUUETEYEL KOL O LETOYPOPIKOG
napdyoviag YY1 o omoiog puBuiler v ékgpacn tov CD95 kar tov CCRS. To
TOPATETOUEVO GO EVEPYOTOINGNG Kot 1| cuveILOUEVT avENnon TV emmEd®mV acPestiov
otV omoia cuUPaArel kot o vmodoyéag CD38, mpokaiel vepPorkn S1€yepon Kot TEMKE

ToV BGvaTo TOV KLTTAPOUL.

s B
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\ PDK]
|
/ \ RAS m/ PIP2
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Ew.4.3. [Ipotewvopevo poviédo evepyomoinong tov T kvrtdpov amd to V3
emitomo kotd TNV avrryovomapovsioon. Ta evookvrtapikd onpate ané Tov TCR kot
TOVG GVVLT0d0YEiS 00MyoUV oty aVénon TV emmédmv acPfeotiov Kov otnv

gvepyomoinon tov NFATS.
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4.4 OepameVTIKEG TPOEKTAGELS TOV V3 @ovopévov

H vrdpyovca avtipetpoikn Oepaneio Kotdpepe va avénoet 1o mpocdokipo {ong
TOV 060eVAOV 0ALG deV €lval KOVY VO KOTOTOAEUNGEL ATOTELEGUATIKA TNV LOAVVGT] TOV
HIV-1, xof1otdvtog entokTikn v avaykn vy, opBoroyikd oYed0cHO QOUPUOKEVTIKOV
okevaopdTov. [a v dieknepaimon Tov oyedAGHOL gival amapaitnTn 1 KOTovonon Tov
akppooc unyavicpov maboyévelng tov HIV-1 étolr oote o peAhovTikd @appoko vo
KOTOTOAELLOVY TOV UNYXOVIGHO dpdong Kat Oyt To eTakOAova CLUTTOUATO TG LOAVVONG.
H perém tov V3 @avopévov, amd v peuvnTiKn HoG ORAd, EXEL TPOCPEPEL YPNCILES
mAnpoopieg yuoo v maboyéveln tov HIV-1 mov pmopodv va cvuBdiovv yu po mo
amotelecpatikn Oepameio.

Boowlopevol o peréteg mov amodidovv v amdTTOoN TOV U HoAVGHEVeV T
KUTTAP®V 6€ KLTTOPIKO BAvaTO EMAYOUEVO OO €vEPYOTOINGTN O 0mOl0g OHMG Oev ExEl
npokAnfel omd ta onuarodotikd povormdtio tov TCR oAAd amd evepyomoinom amod
kvtokives (Unutmaz, Pileri et al. 1994; Bangs, McMichael et al. 2006) 6sAncape vo
EPEVVIGOVUE TEPAUTEP® TO PUVOUEVO TOV V3 emmdlovTog To KOTTOPO UE IVTEPAELKIVI-2
amovcia Tov vrep-avtrydovov. O evioyuuévog TOAOTAACIACUOS TOV TopaTnpronKe
napovsioc Tov V3 memtidiov axolovbolduevog pe TV €0t Kol €AdyloTO QLENUEVN
AOTTMOOT), GLVIYOPOVV GTO OTL Gvimg N mopovsia g IL-2 og cuvdvaoud pe tov V3
enitono tov HIV-1 dvvatar va endyel kuttapkd Odvato enayodpevo and gvepyomoinon,
YOPIc OU®G Vo QTAVEL TAL EMMEOA TOV OVILYOVIKOD GLGTNUOTOC. XE€ MEPUTTMOELS OTOL
VIapyel yxpoOvie evepyomoinon kol To meplocodTeEpa T kOTTOpO  Ppiokovior oE
gvepyomomuévn  katdotacn He OAovg Toug deikteg evepyomoinong avénuévoug,
ouUTEPIAAUPAVOUEVOD Kol TOL LITOdOYEN TNG tviepAevkivng 2, CD25, éyet deyybel 6TL N
IL-2 givor vebBovn yio v pvduion g andmtwong tov kKuttdpwv (Schmitz, Krueger et
al. 2003) (Schimpl, Berberich et al. 2002). Kdtt mapoépoo pmopei va cvpfaivel otnv
poivvon tov HIV mov mopatnpeitar ypdvio €vepyomoinon Tov  GVOGOTOU|TIKOD
GLOTILOTOG KOt aENon TV deKT®V evepyonoinong tov T kuttdpov (Landay, Benning
et al. 2003) (Hazenberg, Otto et al. 2003). ITapoéio mov 1 IL-2 yopnyeiton wg Oepameio
otovg acbevig pe AIDS ywo va oavénbovv ta mocootd tov CD4 T kuttdpwv, vrdpyovv

peréteg mov delyvovv OtL avt| N adENoN 61OV TOAALUTANCIOCUO TOV KLTTAP®V TOV
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mapatnpeitor otovg acbevelg elval TAACUATIKY O1OTL GLVOJEVETOL OO OVENUEVT
amonTOon TV idiwv Kuttdpwv (Sereti, Herpin et al. 2001). Eropévaog n tapovsio tov V3
pmopel vo e€nyet tov AICD mov mapomnpeiton o acbeveic pe v yopnynon g
wieplevkivig-2 ko ypnlel mepoutépo pEAETNG Yo TNV dlepgvvnon Tov  akpiPn
UNYOVIGLOD KO TV EVOOKVTTUPIKAV CTUATOV TOV EUTAEKOVTOL.

Téhog, n emidpaon tov V3 emitomov oV ENOYWYN EVIGYVUEVNG EVEPYOTOINONG
TOV KLUTTAPp®V 7oL akolovbeitar omd avEnuévn amOTT®ON TPOGOHIdEL YPNOIUES
TANPOYOpPieG Yoo TOV MOAVO GYESGUO AVACTOAE®V oL Ba dpovV GTO OTASIO0 TNG
gvepyomoinong kot Oyt G améntwong tov T wuttdpov. Meréteg €oeilav  OTL
napepndolon g andmtwons twv CD4 T kuttdpov pe v adevoukn mpwteivn E1B 19K
TpoKAAecay avénon g HOALVONG Kal Tapdymyn woouatiov (Antoni, Sabbatini et al.
1995). Mewwpéva enineda evepyomoinong tov T kuvttdpov and v HIV-1 odnyei ce
pewwpéva emineda poivvong (Koning, Otto et al. 2005). Ondte Aappdvovioag vToyn 0Tt
10 @avopevo V3 endyel v amdTTOON TOV KLTTAP®V 0POV TPOTH TPOKAAEGEL TNV
£VTOVI EVEPYOTOINOT) TOVG, TPOTEIVETOL OTL AVAGTOAEIG TNG EVEPYOTTOINGNG TOV KLTTAP®OV
Bo rav mo anotelespotikol oty dtatpnorn Tov CD4 kuttdpov aeod To KOTTOPO dEV
0o méBavav amd AICD ko emiong Bo elatt@vVOTOV 1 HOALGUATIKOTNTO TOL 10V.
Baociwopévor oe avtv v Beopion Kot cOHQOVO e TPOYEVESTEPES UEAETEC TOL
gpyaoctnpiov mov €dei&av 0Tt 1 aAAnAienidpacn tov V3 pe tov CCRS vmodoyéa eivan
OVTIKNG PUCEWS, YPNOYLOTOMGALE GLVOETIKA TenmTiow pe BeTikd QopTicuéva apvoséa
To. Oomoiol TWPOGOEVOVIOL GTOLG OGULVVLTOOOYEIG TOv 100 Kol Topepmodilovy v
aAAnAenidopaon g gpl20 pe tovg GuvLTodoYElS. Me aVTOV TOV TPOTO TETVYAUE OYL LOVO
™V mopeUTOdIon ¢ poivvong (Baritaki, Dittmar et al. 2005) aAAd kot ovactodr| tov V3
eowvopévov og un poivopéva kotroapa (Porichis, Vlata et al. 2007). Onote, o mbovn
TPocEyylon Bo pmopovoe va givot 1 ypNoN GLVOETIKOV TERTIOIOV P 1oYLPOTEPT] 1OVITKY
emidpaon oamd O6t1L ovt tov V3 emitomov Tov 10O YL VO TOPEUTOSIGOVUE TOV

poivopatikd kokAo amd ta APC ota T kdttapa.
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Abstract

The third hypervirable (V3) domain of the HIV-1 envelope glycoprotein gp120 has been implicated in HIV pathogenesis via co-receptor
usage of chemokine receptors CCRS and CXCR4. As the protagonist cell populations in the asymptomatic phase of HIV-1 infection are infected
macrophages and effector/memory (CD45RO*) CD4* T cells that express CCRS5, we established an in vitro model using human primary monocyte-
derived macrophages and lymphocytes to investigate the role of V3 in affecting antigen presentation. We used staphylococcal enterotoxin A (SEA)
as a superantigen at a low concentration of 1 ng/ml, to activate naive CD4* T cells. Exposure of cells to SEA and lipoV3-liposomes increased the
percentage of CD4*/CD45RO*/CCRS5™ T cell population as compared to cells treated with SEA and plain liposomes. A consequent decrease of
the percentage of CD4*/CD45RO*/CXCR4* subset was observed. The V3-mediated activation was competitively inhibited by soluble V3-derived
peptides with higher cationic charge. V3 enhanced also apoptosis as demonstrated by flow cytometry and intracellular calcium ion assays. These
results reinforce the postulation that V3 alters the antigen presentation function itself, independent of specific antigens, thus leading to an enhanced

activation-induced cell death (AICD) of responding T cells.
© 2006 Elsevier B.V. All rights reserved.

Keywords: AICD; CCRS; Liposomes; SEA; T cells

1. Introduction

HIV infection is characterized by the gradual loss of CD4*
T cells that leads to the development of AIDS [1-3]. Although
the precise mechanism of CD4* T cell depletion is still under
debate [4-6], loss of immune function is associated with the dis-
appearance of uninfected effector/memory (CD45RO*) CD4*
T cells [7,8]. Several viral components have been implicated
in HIV pathogenesis [9-12], the envelope glycoprotein gp120
is, however, considered to play a key role in the depletion of
CD4* T cells [13,14]. As the gpl120 is directly involved in the
process of viral cell entry, strategies for interfering with the func-
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tion of gp120 are actively being formulated and exploited for
therapeutic applications [15].

As HIV preferentially infects activated CD4 T cells [16,17],
and the basic function of these cells is to interact with anti-
gen presenting cells, we have previously shown deregulation
of the antigen presenting process by HIV-1 envelope compo-
nents [18,19]. The third variable domain (V3) of the glycoprotein
gp120, when present on the surface of a macrophage, appears
to interact at least with the chemokine receptor CCRS5 [20] of
a responding CD45RO*/CD4* T cell delivering an enhanced
activation-induced cell death (AICD) signal [21]. These obser-
vations were made by using tetanus toxin as a specific recall
antigen and exploiting the residual tetanus T cell memory pop-
ulation. The experiments, therefore, required peripheral blood
lymphocytes from tetanus-vaccinated donors, and with an antic-
ipated frequency of only one tetanus toxin memory CD4" cell
in 105-10° T cells.
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Although the tetanus toxin approach was sufficient to demon-
strate interference of the antigen presentation process by V3, the
low frequency of the responding CD4* cells constituted a lim-
itation in the application of this system for the study of other
functional aspects of the immune deregulation such as intracel-
lular signaling. In order to overcome this problem, we elected
to use a superantigen that is reported to activate up to 25% of
naive T cells [22,23] via a general pseudo antigen presentation
mode. In the present investigation, we used the staphylococcal
enterotoxin A (SEA) as a superantigen and liposomes bearing
a synthetic V3 lipopeptide [24], to provide further evidence
that V3 induces AICD during antigen presentation. Prolifer-
ation and apoptosis measurements indicated, indeed, that V3
on the membrane of macrophages induced activation of T cells
followed by apoptosis. Intracellular calcium levels were also
increased at time points where apoptosis reached maximum
values, supporting the apoptotic observations. Flow cytometric
analysis confirmed that the main population affected by the V3
lipopeptide was the CD4*/CD45RO*/CCR5* T cells. Finally,
the V3 AICD phenomenon was inhibited by free V3 peptides
with higher cationic charges.

2. Materials and methods
2.1. Peptides and liposomes

The HIV-1 gp120/V3 peptide RKSIRIQRGPGRAFY (LAI
strain, a.a. 304-318) and two variations derived from LAI
peptide sequence containing amino acid substitutions, with one
(V3LAI*! VGSILIQRGPGAAFY) and nine basic amino acids
(V3LAI*® RKSIRRQRRPKRAKY) were synthesized using
the F-moc/tBu chemistry [25]. Lipopeptides were produced
by covalent binding of serine-S-[2,3-bis(palmitoyloxy)-(2RS)-
propyl]-n-palmitoyl-(R)cysteine (Boehringer—Mannheim Bio-
chemica, Germany) to the V3 LAI peptide, according to
the manufacturer’s instructions. Liposomes were constructed
by the dehydration-rehydration method and were reconsti-
tuted with 100wl distilled water. Non-entrapped material
was removed by washing with phosphate buffered saline
(PBS) [19].

2.2. Cell isolation

Buffy coats were obtained from healthy, HIV-1 sera-negative
blood donors from Venizelio Hospital Blood Transfusion Ser-
vice, Heraklion, Crete. Informed consent was obtained from
all the participating volunteers. Peripheral blood mononu-
clear cells (PBMCs) where isolated using ficoll-paque
(Amersham—Pharmacia, Uppsala, Sweden) according to the
manufacturer’s protocol and were cultured in RPMI-1640
medium supplemented with antibiotics and 5% human serum
[24]. Separation of CD4* T cells was carried out with the
magnetic cells sorting (MACS) system (Mylteniil Biotech, Ger-
many) using the CD4* T cell isolation kit, according to the
manufacturer’s protocol. 5 x 10° CD4* T cells were co-cultured
with monocytes isolated from 10° PBMCs of the same donor by
selective adherence to the solid phase.

2.3. Proliferation assay

For proliferation assays, 10° PBMCs/ml were cultured in
96-well plates (Costar) in RPMI-1640, containing 5% human
serum and the appropriate liposome formulation. One nanogram
per millilitre of staphylococcal enterotoxin A (Sigma—Aldrich
Chemical Co.) was added into the wells on day 3. At preferred
time period cells were harvested after a pulse period of 18h
with H-thymidine (Amersham, UK). Counts per minute of each
sample were measured in a LS1701 beta counter (Beckman,
USA). For inhibition experiments 50 ng/ml of peptides with one
(V3LATI*!) and nine basic amino acids (V3LAI*") were used.

2.4. Phenotypic analysis of T cells by flow cytometry

In order to perform phenotypic analysis of T cells,
10° PBMCs/ml were cultured in 24-well plates (Costar) in
RPMI-1640, containing 5% human serum and the appropri-
ate liposome formulation. One nanogram per millilitre SEA
was added in the cultures on day 3 of the experiment. Anal-
ysis was performed on day 7 of the experiment. Cells were
centrifuged at 1300 rpm for 10 min at 25 °C and were resus-
pended in 100 pl cold PBS supplemented with 2% inactivated
foetal calf serum (GIBCO), pH 7.4. They were incubated for
20 min on ice with 20 pl of fluorochrome-labelled antibodies:
CD45RO-FITC (Mouse IgG2a,k, UCHL1), CXCR4-PE (Mouse
1gG2a,k, 12G5), CCR5-PE (Mouse IgG2a,k, 2D7/CCRS), CD4
PE-Cy5 (Mouse IgG1,k, RPA-T4) from BD Pharmingen. After
two washes with cold PBS, the pellet was resuspended in 500 .l
PBS and the cells were analysed immediately by FACS (Callibur,
Becton—Dickinson, US) using the CELLQuest programme.

2.5. Measurements of cell apoptosis

For the estimation of cell apoptosis, 1 x 10° cells were
collected at preferred time period (days 3, 5, 7, 9, 11 and
13) and washed with 10 mM phosphate buffered saline, pH
7.4. The cell pellet was resuspended in 100 wl annexin V-
fluos (Boehringer—Mannheim Biochemica) labelling solution
(10 mM Hepes/NaOH, 140 mM NaCl and 5mM CaCl, in pH
7.4) containing 2 pl annexin-V-fluos labelling reagent and 2 pl
of 50 pwg/ml propidium iodide solution (ICN Biomedicals Inc.),
and incubated at room temperature for 15 min. Four hundred
microlitre incubation buffer was added to each tube and apop-
tosis was analysed immediately by FACS (Callibur) using the
CELLQuest programme.

2.6. Intracellular calcium measurements

For intracellular calcium measurements, 1 x 10° PBMCs
were collected at preferred time period (days 3, 5,7, 9, 11 and
13) and after centrifugation at 1300 rpm they were resuspended
in RPMI-1640 supplemented with 2% FBS and 4 p.M FLUO-3
acetoxymethylester (Molecular Probes, USA). Cells were incu-
bated at room temperature for 45 min and during this period were
also stained with CD4 PE-Cy5 (Mouse IgG1,k, RPA-T4). Cells
were washed twice with Hank’s balanced solution (containing
20 mM HEPES and 0.2% bovine serum albumin, pH 7.4). After
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Fig. 1. Proliferation of peripheral blood mononuclear cells cultured with dif-
ferent liposome constructs in the presence or absence of 1ng/ml SEA. (1)
PBMC, (2) PBMC treated with plain liposomes, (3) PBMC treated with lipoV3-
liposomes, (4) PBMC treated with SEA and plain liposomes and (5) PBMC
treated with SEA and lipoV3-liposomes. Values represent the mean (£S.D.)
value from three independent experiments on three different donors.

the final wash cells were incubated for a further 10 min at room
temperature and then analysed by FACS (Callibur).

3. Results

3.1. Proliferation of PBMC treated with SEA and liposome
constructs

Peripheral blood mononuclear cells were isolated from 10
healthy blood donors for the antigen presentation studies. The
PBMC were exposed for 3 days to liposome constructs, pulsed
with 1ng/ml SEA and their proliferation/cell death behaviour
were followed for up to 13 days.

PBMC stimulated with SEA gave strong proliferative
responses, as expected, whereas unstimulated cells did not. The
presence of SEA and lipoV3-liposomes induced greater pro-
liferation on PBMC as compared with cells exposed to SEA
and plain liposomes (Fig. 1), that was statistically significant
(»<0.0001, paired samples #-test, SPSS programme). We fur-
ther investigated the specificity of the lipoV3-liposome effect
on PBMCs by competitive inhibition assays using V3 peptides
with higher (V3LAI*?) and lower (V3LAI*!) cationic strength.
Fifty nanograms per millilitre of the peptides were added 6h
before SEA stimulation on day 3. The results (Fig. 2) showed that
V3LAI* inhibited the lipoV3-liposome proliferation. Both pep-
tides had no effect on the proliferation of cells treated with plain
liposomes and pulsed with the superantigen (data not shown).
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Fig. 2. Inhibition experiments using 50 ng/ml soluble V3-derived peptides with
one or nine positively charged amino acids on PBMC treated with V3 bearing
liposomes and 1 ng/ml SEA. (1) PBMC treated with SEA and lipoV3-liposomes,
(2) PBMC treated with SEA, lipoV3-liposomes and 50 ng/ml V3*! soluble pep-
tides and (3) lipoV3-liposomes and 50ng/ml V3*° soluble peptides. Values
represent the mean (£S.D.) value from three biological replicates of the same
donor.

3.2. Phenotypic analysis of the CD4* T lymphocytes on the
day of maximum proliferation

Phenotypic analysis of CD4" T cells was performed after
SEA stimulation of PBMCs to determine the subpopulation
changes. CD4* T cells were isolated by negative selection using
magnetic cell sorting and co-incubated with macrophages that
were isolated by selective adherence to the solid phase. Mea-
surements by flow cytometry were done on the day of maximum
proliferation. The use of SEA with lipoV3-liposomes increased
the percentage of CD4*/CD45RO*/CCR5* subpopulation to
37.24%, while SEA with plain liposomes to 24.63%(Fig. 3A).
The CD4*/CD45RO"/CXCR4* subpopulation showed a conse-
quent reduction. From the percentage normalization of the cell
populations (Fig. 3B), it arose that SEA and plain liposomes
increased the CCR5/CXCR4 double positive (10.82%) and the
CCRS5 positive (13.74%) CD4* T cells. The use of SEA with
lipoV3-liposomes resulted in higher CCR5+ subpopulations
(16.11%) and CCRS5/CXCR4 double positive subpopulations
(21.13%).

3.3. Apoptosis and intracellular calcium levels ([Ca2+],-) in
PBM(Cs treated with SEA and liposome constructs

The apoptotic profile in the lymphatic population after stim-
ulation of PBMCs with SEA and lipoV3-liposomes showed
increased apoptosis as compared with SEA and plain lipo-
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Fig. 3. (A) Chemokine receptor phenotypic analysis of CD4*/CD45RO" T cells using flow cytometry. (B) Percentage normalization of the CD4*/CD45RO*
subpopulation. CD4* T cell were isolated using magnetic cells sorting (MACS) and were co-cultured with monocytes isolated from 10° PBMC’s by selective
adherence to the solid phase. Measurements were performed on day 7 of the experiment. Values represent the mean (S.D.) value from three independent experiments

on three different donors.
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Fig. 4. Kinetic apoptosis measurements of PBMC cultured with different lipo-
some constructs and stimulated with 1ng/ml SEA. Cells were stained with
annexin-V fluo and propidium iodide, and analysed by flow cytometry. (1)
PBMC, (2) PBMC treated with plain liposomes, (3) PBMC treated with lipoV3-
liposomes, (4) PBMC treated with SEA and plain liposomes and (5) PBMC
treated with SEA and lipoV3-liposomes. Values represent the mean (£S.D.)
value from three independent experiments on three different donors.

somes, that was statistically significant (p=0.0173, n=35,
paired samples #-test, SPSS programme). As anticipated, FACS
analysis (Fig. 4) showed an inverse relationship between apop-
tosis and proliferation, apoptosis being more distinct with the
SEA/lipoV3-liposome-treated cells.

We further investigated the apoptotic effects of V3 by mea-
suring intracellular calcium levels in the lymphatic population
using Fluo-3/AM. The results (Fig. 5) showed an increase in
intracellular calcium levels in the cells treated with SEA/lipoV3-
liposomes as compared with cells treated SEA with plain
liposomes or SEA alone. This difference was observed on days
9, 11 and 13 where maximum apoptosis was also observed.

4. Discussion

HIV infection induces a gradual decline of the patient periph-
eral blood CD4* T cell subpopulation during the asymptomatic
phase that subsequently leads to AIDS. The precise mechanism
by which the virus depletes CD4* T cells is still under debate
[17,26-28]. Using tetanus toxin as a recall antigen, we have
shown previously that during the process of antigen presenta-
tion the V3 domain of the viral gp120 interacts, at least, with
the target T cell CCRS5 that leads to an enhanced and accelerated
AICD. During the asymptomatic phase of HIV infection, the
predominant R5 HIV variants infect CD4* T cells via infected
macrophages which recruit memory/effector CD4* T cells, char-
acterized by containing CCRS5 as their main chemokine receptor.
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At the symptomatic phase, X4 HIV variants infect directly naive
(CXCR4") CD4* T cells and are less dependent on immune
function.

A limitation of our human in vitro model in previous studies
was the dependence of donor PBMC on sufficient T cell memory
for the recall antigen (tetanus toxin). We developed an alternative
in vitro system that would be independent of specific antigens.
Here we employed SEA to activate PBMC after a 3-day expose
to appropriate liposomes with V3 epitopes to compare and match
the effects in relation to specific antigen presentation.

SEA is a superantigen that binds non-specifically the class II
major histocompatibility complex outside the peptide binding
groove and the variable region of the TCR B-chain [29-33].
This pseudo antigen presentation results in activation of up
to 25% of naive T cells compared to 1 in 107-10° that are
activated during antigen specific presentation [22,23]. In our
experiments, addition of SEA to the cultures activated strong
proliferation of PBMC, as expected. Cells treated with SEA and
lipoV3-liposomes showed greater proliferation as compared to
cells with SEA and plain liposomes. These results indicated
that the V3 phenomenon was not restricted to specific anti-
gens and suggested a generalized phenomenon that implicated
a TcR-triggered activation of T cells. It is worth noting that we
used relatively low concentrations of SEA (1 ng/ml) in order to
demonstrate the effects of V3.

To further verify the V3 phenomenon in SEA-activated
PBMC, we performed competitive inhibition assays. We had
shown previously with peptide—peptide V3—CCRS5 interactions
[21] that the amino terminal domain of CCRS5 interacted with
the V3 domain [34,35]. Using lipoV3-liposomes with five pos-
itive amino acid residues (LAI V3), we performed inhibition
experiments with soluble V3 peptide derivatives that contained
one (V3*!) or nine (V3*?) positively charged amino acids. The
greater efficacy with which the free V3*° inhibited the lipoV3-
induced phenomenon than the V3*! confirmed that the enhanced
proliferation was attributed to the V3 domain. This observa-
tion further supported the supposition of the ionic nature of the
V3-CCRS interaction and the potential application of positively
charged peptides as inhibitors of HIV infection and enhanced
apoptosis of CD4 T cells [36].

We investigated the changes in the CD4* T cell subsets by
SEA-induced antigen presentation in the presence of lipoV3-
liposomes. Using magnetic negative sorting of CD4* T cells
co-incubated with monocyte-derived macrophages and SEA, we
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Fig. 5. Intracellular calcium ([Ca*];) levels in PBMC exposed to plain or lipoV3-liposomes and stimulated with SEA. Measurements were made using FLUO-3AM
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showed that the main CD4* T cell population affected was the
CD4*/CD45RO*/CCR5™* subset. The increase was evident with
SEA and lipoV3-liposomes (37.2%), and less pronounced with
SEA and plain liposomes (24.36%). This observation together
with the proliferation results indicates that SEA and lipoV3-
liposomes favour the activation of the CD4*/CD45RO*/CCR5*
subset. It is worth noting that approximately 20% of the CCR5*
T cells were CCR57/CXCR4* double positive. It is accepted
that CXCR4 is mainly expressed on naive CD4 T cells and
CCRS5 on effector/memory T cells [37,38]. The presence of dou-
ble positive CCR5*/CXCR4" CD4 T cells has been previously
reported with the remark that the majority of CCR5* T cells
co-express CXCR4 [39]. Indeed, it has been postulated that the
co-existence of CXCR4 and CCRS5 on T cells may represent
a transient state from naive to activated T cells. The reduction
of the CD4*/CD45RO*/CXCR4* subset and the increase of the
CD4"CD45RO*CCR5* T cells by SEA and liposomes indicate
in our experiments that they induce an overall activation of CD4*
T cells.

Measurements on cell death showed that lipoV3-liposomes
induced greater apoptosis than plain liposomes, which peaked
on days 9, 11 and 13. Our observations of increased apop-
tosis by SEA agree with previous reports [33,40]. Apoptosis
was inversely related to proliferation, as expected. In the same
context, increase of intracellular calcium levels on the CD4* sub-
population accompanied the decrease of cell numbers, on days
9, 11 and 13. Intracellular calcium levels have been implicated
in T cell functions such as cytokine production, prolifera-
tion and activation-induced cells death [41-43]. The balance
between proliferation and apoptosis is very fragile and although
increase of intracellular calcium is required for cell proliferation,
sustained increase may generate activation-induced cell death
[44.,45]. In support of our findings, there is strong evidence that
T cells from HIV infected patients undergo activation-induced
cell death by the persistent activation from the infection [46—48].
The above results indicate that during antigen presentation the
V3 domain is capable of causing activation-induced cell death
to T cells, as we reported previously [18,19].

A possible mechanism of the sustained T cell activation is
believed to be the recently characterized phenomenon by Molon
etal. [49]. Although previous studies from our group on V3 have
described a possible involvement of CCRS5-induced signaling
during antigen presentation [21], Molon et al. [49] produced evi-
dence on the importance of chemokine receptors during antigen
presentation. They postulated that CCRS receptors are recruited
through a Gji-independent mechanism to the immune synapse
resulting in a stronger T cell-APC attraction and induce greater
proliferating responses of T cells. The present study, along with
previous studies from our group, suggests that during antigen
presentation, the V3 on the plasma membrane of macrophages
interacts at least with the CCRS of activated T cells and produces
enhanced proliferation followed by sharp apoptosis [21,50].
Interaction of V3 with CCRS is stable because of the position of
the V3 and gp120 on the macrophage membrane that sustains
the signals to CCRS and may result in persistent activation of
the responding T cells, thus leading them to activation-induced
cell death.

Host cell proteins such as MHC class II proteins are incor-
porated on the HIV-1 viral envelope that preserve also their
functionality [51,52]. Viral particles are, therefore, capable of
presenting antigens to T cells via these MHC class II proteins
causing AICD. This notion is supported by the observations
of Holm and Gabuzda [53] and explains the maximal levels of
activation and apoptosis that were reported when virions had
incorporated MHC class IT and B7-2 proteins to their viral enve-
lope [53]. HIV-1 preferentially infects activated cells as the host
cell machinery favours viral replication [54,55]. HIV-1 compo-
nents such as the Nef within the infected cell inhibit the cell from
going to apoptosis [56—58]. Considering that only 1 in 10,000
viral particles are actually infective [59], it is conceivable that
HIV-1 exploits the antigen presentation process for infecting
CDA4* T cells, and the V3 domain ensures the activated state of
these cells. If infection is not achieved the responding cells are
condemned to AICD [21,50].

In conclusion, by replacing recall antigens with superantigens
in antigen presentation, we provided further supporting evidence
that the pathogenic effects of V3 are related to deregulation of
antigen presentation function that results in “hyper” activation of
CD4* T cells and subsequent enhanced activation-induced cell
death. The main lymphocyte population affected is the effec-
tor/memory (CD45RO*) CD4* T cells that also express CCR5
on their surface. These results are in line with the in vivo situa-
tion. In addition, with the use of the superantigen we were able
to overcome the inherent limitations of tetanus toxin presenta-
tion and showed that the V3 phenomenon can also be observed
in generalized antigen presentation systems. Competitive inhi-
bition of the V3 phenomenon by more cationic V3-like peptides
verified the ionic nature of the V3—CCRS interaction. Although
our results refer to an in vitro model of V3-CCRS interactions,
it could be speculated that the biological relevance of this phe-
nomenon may be related to the observed AICD of uninfected
CD4* T cells. Our proposed model may also explain the early
loss of HIV-specific CD4 T cell function that has been observed
during HIV infection [60,61]. HIV antigens are abundant in the
body, and HIV-specific CD4 T cells have more chances of rec-
ognizing HIV antigens and thus undergo V3-mediated AICD.
Our in vitro system, also, overcomes some key restrictions by
the use of animal models as it utilizes human primary cells and
it can provide information on the interactions between HIV-1
envelope components and immune cells at a molecular level.
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Abstract

AIDS is presently treatable, and patients can have a good prognosis due to the
success of highly active antiretroviral therapy (HAART), but it isstill not curable
or preventable. High toxicity of HAART, and the emergence of drug resistance
add to the imperative to continue research into new strategies and interventions.
Considerable progress in the understanding of HIV attachment and entry into
host cells has suggested new possibilities for rationally designing agents that
interfere with this process. The approval and introduction of the fusion inhibitor
enfuvirtide (Fuzeon) for clinical usesignalsanew erain AIDStherapeutics. Here
we review the crucial stepsthe virususesto achieve cel entry, which merit atten-
tion as potential targets, and the compounds at pre-clinical and clinical develop-

ment stages, reported to effectively inhibit cell entry.

Introduction

Acquired immunodeficiency syndrome (AIDS) was
recognized in 1981, and the first human immunodeficiency
virus (HIV) wasisolated 2 years|later, heralding anew erain
the fight against pathogenic viruses*3. Since then, HIV
infection has become a major public health problem
worldwide, with an estimated 39.4 million infected peopleas
at theend of 2004 (Table 1)!¥. According tothe Joint United
Nations Programme on HIV/AIDS (UNAIDS) epidemic
update, in 2004 thereweremorethan 3.1 million Al DS degths,
including 500 000 children under 15 yearsof age. Thepreva-
lence of HIV-1is greater in developing countries, and espe-
ciallyin Sub-Saharan Africa, wheretheinfrastructureto pre-
vent and treat the infection is limited®. These “hotspots’
absorb most of the attention of international committeesand
organizations, and asignificant part of thefunding for AIDS
prevention and treatment goes towards attempting to scale
up antiretroviral (ARV) therapy in devel oping and transitional
countries®.

HIV isalentinovirusthat is predominantly transmitted
by sexual contact, as virus particles can cross the mucosal
epithelium and infect specific cells§"® expressing the CD4
receptor. Cells bearing CD4 receptors on their membrane
belong to the macrophage/monocyte lineage and to a sub-
set of T-cellg*!, Initial indications were that HIV-1 used

©2005 CPS and SIMM

only CD4 toidentify and enter thetarget cdlls. Soon, however,
it became apparent that additional co-receptorswere prob-
ably required in order for the virus to complete cell entry.
Subsequently, several such potential co-receptorswere pro-
posed**3, but the CCR5 and CXCR4 chemokine receptors
aretoday considered to be the major co-receptors for HIV-1
entry™* . T-cdll tropic HIV strainsusemainly CXCR4 asa
co-receptor and are called X4 strains, whereas macrophage-

Table 1. Worldwide distribution of estimated number of people liv-
ing with HIV!,

Region Estimated number?

North America
Caribbean

1.0 million (540 000-1.6 million)
440 00 (270 000-780 000)
Latin America 1.7 million (1.3-2.2 million)
Western and Central Europe 610 000 (480 000-760 000)
Eastern Europe and Central Asia 1.4 million (920 000-2.1 million)
North Africa and Middle East 540 000 (230 000-1.5 million)
Sub-Saharan Africa 25.4 million (23.4-28.4 million)

East Asia 1.1 million (560 000-1.8 million)
South and South-East Asia 7.1 million (4.4-10.6 million)
Oceania 35 000 (25 000—48 000)

YThe ranges around the estimates define the boundaries within which
the actual numbers lie based on the best available information!*!,
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tropic strains, responsible for host-to-host transmission, use
CCRS as a co-receptor, and are referred to as R5 strains.
Thus, macrophages are the principal targets for the estab-
lishment of the infection in new individuals'®. Although it
isnot always the casd"*®, thetransition from viral isolates
that use the CCR5 receptor to isolates that use the CXCR4
receptor has been linked with the transition from the latent
asymptomatic phase to the clinical manifestations associ-
ated with AIDS**.

Themos griking featureof HIV-1infection isthegradua
depletion of circulating CD4"* T cells, which leadstoincreased
sensitivity of the patient to opportunistic and chronic infec-
tions and to oncogenesis. The cause of the CD4* T cell
depletion is till under debatd® . It is generally accepted,
however, that during the asymptomatic phasethe daily re-
plenishment rate of CD4" T cellsis much higher than the
turnover of infective virus particles for the cytopathicity
model to explain the progressive depletion of CD4" T cells
from circulation®. An alternative hypothesis proposes that
certain viral components contribute to dysfunction of avital
immunemechanism®,

Over the past 23 years, the main objectivein the field of
HIV research has been the discovery of drugsthat will com-
bat the disease. Satisfactory progress has already been made
and there are now more than 20 anti-HIV drugs approved by
the American Food and Drug Administration (FDA)®. ARV
drugs are categorized according to their mode of action into
three main groups: 1) the nucleoside reverse transcriptase
inhibitors (NRTI); 2) the non-nucleos de reverse transcriptase
inhibitors (NNRTI1)1##; and 3) the protease inhibitors (P1)).
ARV drugs from these categories are now administered in
combination (as cocktails) to produce more efficient treat-
ment'®, Thistype of therapy, termed “highly active antire-
troviral therapy” or HAART, has markedly decreased morta-
lity and morbidity in the developed world. Efforts have been
made by theWorld Health Organization (WHO) and UNAIDS
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to substantially increase the number of people on HAART
in developing and transitional countries®.

Despite the fact that current antiviral treatments have
improved prognos's, drug resistance and high toxicity are
serious limitationsto current treatmentsthat justify the con-
tinuation of research effortsfor new strategies and interven-
tions**4, Today, AIDSistreatable, and patientscan have a
good prognosis, but it isstill not curable. A new generation
of drugswas recently introduced that inhibit viral cdl entry
(to be discussed later). HIV entry inhibitors appear to be a
rational step forward in ARV therapy, because they prevent
the virusfrom infecting new host cells, and may potentially
stop or significantly limit HIV transmission®*=, In order to
rationally design effective drugs, the pathophysiology of
HIV must be better understood for ARV therapy research to
target specific eventsin the biology of the virus within the
host cel %37,

HIV entry

HIV-1 predominately infects cellsthat have the CD4 re-
ceptor on their surface membrane, although this is not al-
ways the casd®*1. Achievement of infection of these cells
involvesthree discrete steps: viral attachment, then co-re-
ceptor binding, and finally fusion (see Figure 1). Recogni-
tion of the“correct” target cell and attachment toit isprima-
rily achieved through envel ope glycoprotein gpl120, which
bindsto CD4 molecules. Gp120 is generated within thein-
fected host cell after cleavage of gpl160 by cellular proteases
into two functional proteins: gp120 and gp41. It consists of
Svariable(V1-V5) and 5 conserved (C1-C5) regions*®. Gp120
and gp41 are glycosylated in the Golgi apparatus, and then
transported to the membranethat is later incorporated in the
viral envelope during the budding of the viral particlesto
form mature viruses*. The envelope membraneis studded
with trimers of gp120-gp41 heterodimers, wheregp4l forms

2. Co-receptor Binding 3a. Fusion Peptide Insertion 3b. Six-Helix Bundle Formation

and Membrane Fusion

Figure 1. Schematic representation of the mechanism for HIV-1 cell entry.
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the cytosolic part and gp120 the extracel lular part*?.

Binding of viral gp120tohost cell CD4isachieved through
interactions of several conserved gp120 residueswith the
second complementarity-determining region (CDR2) of
CD4"*#_ Thisinteraction aloneis not sufficient to achieve
cell entry, but it is necessary in order to identify the target
cell and also to increase the affinity of other viral compo-
nents for the co-receptor molecules. Indeed, binding of
gp120 to CD4 causes conformational changestothevariable
loop regionsV1/V2 and V3 of gpl20, causing the V3 loopto
evaginate, thus becoming exposed to the co-receptors*!
(Figurel). Themgjor co-receptors that HIV-1 uses are the
CCRS5 and CXCR4 chemokine receptors. The exact mecha-
nism of interaction between the variableloop regionsV1/V2
and V3 and the chemokine receptorsis not well understood
and it merits a more detailed investigation. It has been
suggested, however, that the interaction between V3 and
CCR5isionicin nature, and results in enhancement of the
process of activation-induced cell death of responding ef-
fector CD4" T cells during antigen presentation/?#47,

Thefinal step for viral entry requires fusion of theviral
envelope components with the target surface membrane; this
is achieved with the use of gp41, which is a glycoprotein
consisting of 3 main domains: an intracellular domain
(endodomain), atransmembraneanchor and an extracellular
domain (ectodomain). The ectodomain isthe key structure
responsible for fusion and consists of a hydrophobic fusion
peptide sequence at the N-terminal, two hydrophobic hep-
tad repeats (HR1 and HR2) at the C-terminal, and a hinge
region, where a disulfide-bond loop is formed between the
two heptad repeats during fusion®®*l, On binding of gp120
to CD4 and subsequently to the co-receptor, further confor-
mational changes occur that |ead to gp41 dissociation from
gp120. Thegp4l unfolds and the hydrophobic fusion pep-
tide sequence extends out of the viral membrane towardsthe
host cell membrane. Insertion of the fusion peptide into the
hogt cdl membraneleadsgp41 tofold intoahairpin-likestruc-
ture where the two hydrophobic heptad repeats (HR1 and
HR2) lieantiparalld, forming a6-helix bundl X!, Thishair-
pin structureis believed to be responsible for the fusion of
the HIV envelope to the host cell membrane.

Enfuvirtide: the first FDA-approved fusion
inhibitor

Enfuvirtide (formerly known as T-20) is thefirst fusion
inhibitor approved by the FDA and the European Commis-

sion for the Treatment of AIDS, and isavailable under the
trade name Fuzeon (Trimeris and Roche). It isa 36 amino

acid synthetic peptide homol ogous to the HR2 region of
gp41 (residues 127-162) *>| that hasthe ability to interfere
with the fusion pathway by mimicking the HR2 domain>,
The accepted mode of action proposes that enfuvirtide tar-
gets conformational changes during fusion by binding to
theHR1 domain. Recent evidenceindicatesthat enfuvirtide
interactswith multiple sitesin gp41 and gp120™!. Thisbind-
ing prevents theformation of the 6-helix bundle by prevent-
ing HR2 from refolding antiparalld to HR1*, Thus, inhi-
bition of fusion of the viral envelopeto cell membranesis
achieved by blocking a critical step in the fusion pathway
(Figure?2).

Intheinitial stages of discovery, enfuvirtide appeared to
inhibit HIV-1 replication very effectively in various cdll types
and clinical trials proved to be very promising. Phase /1l
trials provided proof that HIV entry was inhibited after treat-
ing patientswith 100 mg enfuvirtidetwicedaily for 14d. The
levels of plasma HIV RNA after 14 d of treatment demon-
strated a 1.96 g median decling™. Phasell clinical trials
were performed on 71 HIV-infected individual s who were
treated with 50 mg enfuvirtide together with other ARV drugs
for 48 weeks. Therewasa 1.0 log,, declinefrom basdinein
HIV RNA and amedian gain of CD4 cell countsof 84.9 cell¢/
uL, with no significant toxicity™.

Furthermore, two TORO (T-20 vs Optimized Regimens
Only) Phase 11 clinical trials were performed in America
(TORO 1) andin Europeand Australia(TORO 2). Thetrids
had similar protocols: they compared the efficacy and safety
of enfuvirtide plus an optimized antiretroviral regimen with
the efficacy and safety of an optimized antiretrovira regimen
alon€®®, n both studies the least-squares mean change
from baselinein the plasmaviral |oad indicated a significant
differencein the decreasein the enfuvirtide group compared
with thecontral (P<0.01). Inthesameway, themean count
of CD4 cellg/mL was significantly greater in the enfuvirtide
group compared with the controls (P<0.01).

Further studies are currently being performed on the ex-
act metabolic pathway of enfuvirtide, potential drug resis-
tance problems, and identification of synergisticinteractions
with other drugs. Several reports concluded that enfuvirtide
does not appear tointerfere with the activities of cytochrome
PA50, probably because it is a peptide and is easily hydro-
lyzed in the body'®®, Enfuvirtide was found to act syner-
gistically with other potential entry inhibitorsin vitro, such
as AMD3100 and PRO542, producing results that encour-
aged the use of combinations of entry inhibitors as part of a
new generation of ARV strategies®®. However, HIV resis-
tance has been reported in patients treated with enfuvirtide,
indi cating ahotspot from codons 36 to 38 of the HR1 domain!®,
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aswedll as other sitesin gp41®*1. Additionally, primary
resistance has been reported, which appears to be more fre-
quent than predicted™, indicating that more research is
needed in thisfield.

Enfuvirtide obtained accel erated approval by theFDA in
2003 and becamethe 17th licensed ARV drug and thefirst to
inhibit HIV entry. Thedrugissupplied asalyophilized pow-
der in single-dosevials containing 108 mg of the drug. Re-
constitution of the powder in 1.1 mL sterile water for injec-
tion produces a single dose of 90 mg/mL!™ that isinjected
subcutaneoudly. Enfuvirtide has two currently known ma-
jor drawbacks. First, being apeptide, it can only beadminis-
tered by injection and not orally. This makes usage more
difficult, because patients must be educated for self-
administration. Second, the cost of enfuvirtideis high, be-
cause it is a synthetic peptide that is manufactured by a
highly complicated processinvolving large amounts of raw
materials™*™., It is estimated that the annual cost of
enfuvirtidetherapy is approximately US$20 000 per patient,
and if taken in combination with other ARV drugs then the
cost of therapy could approach US$30 000.

Potential drugs targeting entry and fusion

Attachment inhibitors Current novel antiretrovira drugs
aim to interfere with the crucial HIV entry steps: viral
attachment, co-receptor binding and fusion. One approach
for interfering with viral attachment involves the use of a
tetravalent fusion protein construct, consisting of a human
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Figure 2. Mechanism of inhibition of
HIV fusion to the cell membrane by
enfuvirtide.

1gG2 in which the Fv portions of both the heavy and light
chains have been replaced with the D1 and D2 domains of
human CD4"*™. This CD4-immunoglobulin fusion
construct, called PRO 542, is suggested to bind to the viral
gp120 and thus prevent the virusfrom interacting with CD4-
bearing host cdls. Phasel clinical trialsindicated that PRO
542 hasa half-life of 3-4 d when arelatively high dose was
used (10 mg/kg), and no dose-limiting toxicities were ob-
served™. Inaddition, in phasell clinical trials, 12 HIV-in-
fected patientswere treated with 25 mg/kg single-dose PRO
542. The drug was well tolerated and the acute reduction
caused in the HIV-1 RNA was statistically significant, even
in patients with advanced AIDS™.

In the same way, several other compounds target either
the gp120 or the CD4 receptor and interfere with HIV
attachment. FP-21399 is a big(disulfonapthel ene) derivative
that binds to gp120, most probably near the third variable
domain, because interactionswith antibodiesagaing theV3
loop region were blocked™. A phase| study showed that it
caused an increasein CD4 cell counts, and asignificant de-
creaseinviral load and minor sideeffectd™. BMS-378806, a
4-methoxy-7-azaindole derivative, isa compound that can
be administered orally, and was devel oped by Bristol Myers
Squibb!®®, Despite the fact that phase | and 11 studies
showed promising results, Bristol Myers Squibb decided to
investigate similar drugssuch as BM S-488043, an analogue
of BMS-378806, in order to optimizeits effectiveness®. A
series of polyanionic compounds, for example dextrin-2-
sulfate, Carraguard and PRO 2000 arein clinical trials, and
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aredesigned to betopically administered®®. Finally, TNX-
355, ahumanized anti-CD4 mAB that binds to CD4 without
interfering with its biological function, significantly de-
creased viral load and increased CD4 cell countsin aphase
I trial™®,

Co-receptor bindinginhibitors Themogt interesting tar-
get in HIV entry isthe co-receptor binding phase. Current
drug research isfocused on designing compounds that pre-
vent thevirusinteracting with the chemokinereceptors. The
CCRS receptor isthe principal target, and anumber of poten-
tial drugs are currently being studied. SCH-C isasmall mo-
lecule that inhibitsthe binding of gp120 to CCR5, and initial
in vitro experiments have indicated good inhibitory activity
against R5 viruses aswell as synergistic effectswith several
ARV drugs, including enfuvirtidd® . Although it can be
administered orally and clinical studies showed decreased
viral loads, electrocardiographic anomalies due to arrhy-
thmiaswerereported at high dosages®. Another compound,
SCH-D, has been found to have greater in vitro and in vivo
antiviral properties, with no apparent side effects. Clinical
studies for this drug are till ongoing®®. Interetingly, it
was recently reported that VV 3-like peptides from X4 strains
with more dectropoditive V3 domai ns wer e effective antago-
nists and potential infectivity blockers of R5 variantd®.

TAK-779 was thefirst non-peptidic molecule found to
inhibit co-receptor attachment by binding to CCRS5 at trans-
membranehelices 1, 2, 3, and 714, It hasthe disadvantage
of intravenous administration and because of irritations ob-
served at theinjection Ste, its devel opment was discontinued.
It was replaced by another compound, T-220, which can be
adminigered orally, and shows promising anti-R5 HIV acti-
vity®™, Similarly, UK-427,857 isanovel CCR5inhibitor that
has acceptabl e pharmacokinetic and metabalic ratesin mice,
rats, dogs and humans, and can be administered orallyl.
Finally, PRO 140 is one of the few monoclonal antibodiesthat
has been used as an entry inhibitor and has been reported to
block co-receptor attachment without down-modulating or
inducing signaling of the CCR5 chemokine receptor®97,

CXCR4, the second major HIV co-receptor, isalso atar-
get for current drug research. AMD-3100, one of the first
entry inhibitors, wasfound to inhibit viral entry well before
the discovery of co-receptor usageby HIV®. Itisabicyclam
compound of low molecular weight that inhibitsthe electro-
static interaction between CXCR4 and gp120 by ionic bind-
ing to the second extracel lular 1oop (ECL2) and the adjacent
membrane-spanning domain (TM4) of the CX CR4 receptor(®.
Despitethefact that in phasel and Il clinical trials, intrave-
nous administration of AMD-3100 significantly reduced the

viral load™™, it was |ater replaced by an orally available
compound, AMD-070. A non-peptidiccompound, KRH-1636,
which is absorbed through the duodenum, had similar effi-
caciesto AMD-3100%Y, Finally, T-22 and ALX40-4C are
positively charged peptides that occupy the V3 region and
competitively inhibit binding of gp120 to the negatively
charged amino acid residues on CXCR4M#2%4,

In conclusion, therole of the V3 region in the mechanism
of cell attachment and entry in relation to the major co-recep-
torsis being actively pursued. In addition to biological
studies, physicochemical studieson theinteracting protein
domains are being carried out in an attempt to decipher the
interface conformations between the virus and the cel 1'%,

Fusion inhibitors Understanding the mechanism of fu-
sion of the viral envelope with the host membrane played a
crucial rolein thedevelopment of new generation ARV drugs.
This became apparent when enfuvirtide was licensed asthe
first viral entry inhibitor, and it iscurrently used in HAART.
Resistance to enfuvirtide has been reported, which has led
to the design of a second generation HR2 mimetic peptide.
T-1249 isa39-L-amino acid synthetic peptide that containsa
pocket-binding sequencethat makesthe HR1 and HR2 inter-
action more stable. Studies on T-1249 showed that it has
greater efficacy and longer half-life than enfuvirtide.
Additionally, efficacy against enfuvirtide-resistant viruses
has been reported, indicating that this second generation
fusion inhibitor is a step forward™®*, However, Roche
and Trimerisdecided to halt clinical development dueto for-
mul ation concerns'®.,

5-Helix isanewly designed recombinant C-peptide that
consists of 5 of the 6 helices that are formed during the
fuson phase. A CHR domain ismissingfor the6-hdix bundle
formation, and thusthereis one exposed groove. Thisgroove
bindsto a CHR domain in gp41 and inhibits fusion of the
viral membrane to the host membrane™™, Becauseit isa
recombinant peptide, it has amuch lower cost of production
compared with the syntheticenfuvirtide. Initial studiesdem-
onstrated potent antiretroviral activity, with 1C, valuesin
thelow nanomolar range™™.

Finally, N-peptides represent another group of peptides
with potential inhibitory effects against HIV entry. Initia
studies have indicated that they are weaker inhibitors than
the C-peptides, with | Cy, values in the micromolar range.
However, chimeric molecules composed of soluble trimeric
coiled coils have shown promising results. IQN17 isone of
the first such peptides with potent inhibitory effects, and
the current most potent chimeric N-peptide, IQN23, isre-
ported to have an | C, value of 15 nmol/L™.

1169



Krambovitis E et al

Acta Pharmacologica Sinica ISSN 1671-4083

Conclusion

Antiretroviral chemotherapy has recently acquired a new
“weapon” in thefight against AIDS. Enfuvirtideisthefirst
HIV entry inhibitor that was approved by FDA, and it is
currently used in combination with other ARV drugs. Re-
sultsfrom clinical trialsindicated that it had potent activity
against HIV strainsthat are resistant to other ARV drugs,
although some resistance to enfuvirtide has been reported.
Thedesgn of other entry inhibitors has moved forward, and
every phase of HIV entry is actively pursued as atarget for
potential inhibitors. Probably the most exciting prospect is
potential interference with co-receptor usage, particularly
that of CCR5.

ARV drug devel opment aims to produce drugs with po-
tent antiretroviral activity, with |Cg, valuesin the nanomolar
range, with no or limited toxicity and that can be adminis-
tered orally. Severa compoundsarecurrentlyin clinical trials,
and we are optimigtic that new, more effective drugswill be
added tothe ARV armory.

References

1 Barre-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret
S, Gruest J, et al. Isolation of a T-lymphotropic retrovirus from
apatient at risk for acquired immune deficiency syndrome (AIDS).
Science 1983; 220: 868-71.

2  GaloRC, Sarin PS, Gelmann EP, Robert-Guroff M, Richardson
E, Kalyanaraman VS, et al. Isolation of human T-cell leukemia
virus in acquired immune deficiency syndrome (AIDS). Science
1983; 220: 865-7.

3 HIV/AIDS Facts and figures [database on the internet]. New
Delhi: WHO Reginal Office for South-East Asia . [cited 2005
Apr 20]. Available from: http://w3.whosea.org/EN/Section10/
Section18/Section348.htm#Gl obal

4  UNAIDS/WHO. AIDS Epidemic Update. Geneva: UNAIDS;
2004.

5 GayleHD, Hill GL. Global impact of human immunodeficiency
virus and AIDS. Clin Microbiol Rev 2001; 14: 327-35.

6 UNAIDS/WHO. ‘3 by 5 Progress Report. France: WHO;
2005.

7 Bomsel M. Transcytosis of infectious human immunodeficiency
virus across a tight human epithelial cell line barrier. Nat Med
1997; 3: 42-7.

8  Ullrich R, Schmidt W, Zippel T, Schneider T, Zeitz M, Riecken
EO. Mucosal HIV infection. Pathobiology 1998; 66: 145-50.

9 Dalgleish AG, Beverley PC, Clapham PR, Crawford DH, Greaves
MF, Weiss RA. The CD4 (T4) antigen is an essential compo-
nent of the receptor for the AIDS retrovirus. Nature 1984;
312: 763-7.

10 Klatzmann D, Champagne E, Chamaret S, Gruest J, Guetard D,
Hercend T, et al. T-lymphocyte T4 molecule behaves as the
receptor for human retrovirus LAV. Nature 1984; 312: 767-8.

11 Rucker J, Samson M, Doranz BJ, Libert F, Berson JF, Yi Y, et al.
Regions in beta-chemokine receptors CCR5 and CCR2b that

1170

12

13

14

15

16

17

18

19

20

21

22

23

24

determine HIV-1 cofactor specificity. Cell 1996; 87: 437—46.
Roderiquez G, Oravecz T, Yanagishita M, Bou-Habib DC,
Mostowski H, Norcross MA. Mediation of human immunode-
ficiency virus type 1 binding by interaction of cell surface
heparan sulfate proteoglycans with the V3 region of envelope
gp120-gp4l. JVirol 1995; 69: 2233-9.

Berson JF, Long D, Doranz BJ, Rucker J, Jirik FR, Doms RW. A
seven-transmembrane domain receptor involved in fusion and
entry of T-cell-tropic human immunodeficiency virus type 1
strains. J Virol 1996; 70: 6288-95.

Deng H, Liu R, Ellmeier W, Choe S, Unutmaz D, Burkhart M, et
al. ldentification of a major co-receptor for primary isolates
of HIV-1. Nature 1996; 381: 661-6.

Dragic T, LitwinV, Allaway GP, Martin SR, Huang Y, Nagashima
KA, et al. HIV-1 entry into CD4+ cells is mediated by the
chemokine receptor CC-CKR-5. Nature 1996; 381: 667—-73.
van't Wout AB, Kootstra NA, Mulder-Kampinga GA, Albrecht-
van Lent N, Scherpbier HJ, Veenstra J, et al. Macrophage-
tropic variants initiate human immunodeficiency virus type 1
infection after sexual, parenteral, and vertical transmission. J
Clin Invest 1994; 94: 2060-7.

de Roda Husman AM, van Rij RP, Blaak H, Broersen S,
Schuitemaker H. Adaptation to promiscuous usage of chemokine
receptors is not a prerequisite for human immunodeficiency
virus type 1 disease progression. J Infect Dis 1999; 180: 1106—
15.

Schuitemaker H, Koot M, Kootstra NA, Dercksen MW, de
Goede RE, van Steenwijk RP, et al. Biological phenotype of
human immunodeficiency virus type 1 clones at different stages
of infection: progression of disease is associated with a shift
from monocytotropic to T-cell-tropic virus population. J Virol
1992; 66: 1354-60.

Bjorndal A, Sonnerborg A, Tscherning C, Albert J, Fenyo EM.
Phenotypic characteristics of human immunodeficiency virus
type 1 subtype C isolates of Ethiopian AIDS patients. AIDS Res
Hum Retroviruses 1999; 15: 647-53.

Richman DD, Bozzette SA. The impact of the syncytium-
inducing phenotype of human immunodeficiency virus on dis-
ease progression. J Infect Dis 1994; 169: 968-74.

Roumier T, Castedo M, Perfettini JL, Andreau K, Metivier D,
Zamzami N, et al. Mitochondrion-dependent caspase activa-
tion by the HIV-1 envelope. Biochem Pharmacol 2003; 66:
1321-9.

Zafiropoulos A, Baritaki S, Sioumpara M, Spandidos DA,
Krambovitis E. V3 induces in human normal cell populations
an accelerated macrophage-mediated proliferation: apoptosis
phenomenon of effector T cells when they respond to their
cognate antigen. Biochem Biophys Res Commun 2001; 281:
63-70.

Dockrell DH, Badley AD, Algeciras-Schimnich A, Simpson M,
Schut R, Lynch DH, et al. Activation-induced CD4+ T cell
death in HIV-positive individuals correlates with Fas
susceptibility, CD4+ T cell count, and HIV plasma viral copy
number. AIDS Res Hum Retroviruses 1999; 15: 1509-18.
Graziosi C, Pantaleo G, Butini L, Demarest JF, Saag M S, Shaw
GM, et al. Kinetics of human immunodeficiency virus type 1
(HIV-1) DNA and RNA synthesis during primary HIV-1 infection.
Proc Natl Acad Sci USA 1993; 90: 6405-9.



Http://www.chinaphar.com

Krambovitis E et al

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Krambovitis E, Zafiropoulos A, Baritaki S, Spandidos DA. Simple
electrostatic interaction mechanisms in the service of HIV-1
pathogenesis. Scand J Immunol 2004; 59: 231-4.

De Clercq E. Antiviral drugsin current clinical use. J Clin Virol
2004; 30: 115-33.

Imamichi T. Action of anti-HIV drugs and resistance: reverse
transcriptase inhibitors and protease inhibitors. Curr Pharm
Des 2004; 10: 4039-53.

Zapor MJ, Cozza KL, Wynn GH, Wortmann GW, Armstrong
SC. Antiretrovirals, Part Il: focus on non-protease inhibitor
antiretrovirals (NRTIs, NNRTIs, and fusion inhibitors). Psy-
chosomatics 2004; 45: 524-35.

Dunn BM, Goodenow MM, GustchinaA, Wlodawer A. Retroviral
proteases. Genome Biol 2002; 3: REVIEWS 3006.

Pereira CF, Paridaen JT. Anti-HIV drug development: an
overview. Curr Pharm Des 2004; 10: 4005-37.

Johnson VA, Brun-Vezinet F, Clotet B, Conway B, D’ Aquila RT,
Demeter LM, et al. Update of the drug resistance mutations in
HIV-1: 2004. Top HIV Med 2004; 12: 119-24.

van Heeswijk RP. Optimized antiretroviral therapy: the role of
therapeutic drug monitoring and pharmacogenomics. Expert
Rev Anti Infect Ther 2003; 1: 75-81.

Stone A. Microbicides: a new approach to preventing HIV and
other sexually transmitted infections. Nat Rev Drug Discov
2002; 1: 977-85.

Moore JP, Shattock RJ. Preventing HIV-1 sexual transmission:
not sexy enough science, or no benefit to the bottom line? J
Antimicrob Chemother 2003; 52: 890-2.

Shattock RJ, Moore JP. Inhibiting sexual transmission of HIV-
1 infection. Nat Rev Microbiol 2003; 1: 25-34.

Sleasman JW, Goodenow MM. 13. HIV-1 infection. JAllergy
Clin Immunol 2003; 111: S582-92.

De Clercq E. HIV-chemotherapy and -prophylaxis: new drugs,
leads and approaches. Int J Biochem Cell Biol 2004; 36: 1800-2.
Zerhouni B, Nelson JA, Saha K. CXCR4-dependent infection
of CD8+, but not CD4+, lymphocytes by a primary human
immunodeficiency virustype 1 isolate. JVirol 2004; 78: 12288—
96.

Zerhouni B, Nelson JA, Saha K. |solation of CD4-independent
primary human immunodeficiency virus type 1 isolates that are
syncytium inducing and acutely cytopathic for CD8+
lymphocytes. J Virol 2004; 78: 1243-55.

Farzan M, Choe H, Desjardins E, Sun Y, Kuhn J, Cao J, et al.
Stabilization of human immunodeficiency virus type 1 enve-
lope glycoprotein trimers by disulfide bonds introduced into the
gp41 glycoprotein ectodomain. J Virol 1998; 72: 7620-5.
Leonard CK, Spellman MW, Riddle L, Harris RJ, Thomas JN,
Gregory TJ. Assignment of intrachain disulfide bonds and char-
acterization of potential glycosylation sites of the type 1 re-
combinant human immunodeficiency virus envel ope glycopro-
tein (gp120) expressed in Chinese hamster ovary cells. J Biol
Chem 1990; 265: 10373-82.

Yang X, Farzan M, Wyatt R, Sodroski J. Characterization of
stable, soluble trimers containing complete ectodomains of hu-
man immunodeficiency virus type 1 envelope glycoproteins. J
Virol 2000; 74: 5716-25.

Olshevsky U, Helseth E, Furman C, Li J, Haseltine W, Sodroski
J. ldentification of individual human immunodeficiency virus

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

type 1 gpl20 amino acids important for CD4 receptor binding.
J Virol 1990; 64: 5701-7.

Kwong PD, Wyatt R, Robinson J, Sweet RW, Sodroski J,
Hendrickson WA. Structure of an HIV gp120 envelope glyco-
protein in complex with the CD4 receptor and a neutralizing
human antibody. Nature 1998; 393: 648-59.

Sullivan N, Sun Y, Sattentau Q, Thali M, Wu D, Denisova G, et
al. CD4-Induced conformational changes in the human immu-
nodeficiency virus type 1 gp120 glycoprotein: consequences
for virus entry and neutralization. JVirol 1998; 72: 4694—703.
Zafiropoulos A, Baritaki S, Vlata Z, Spandidos DA, Krambovitis
E. Dys-regulation of effector CD4+ T cell function by the V3
domain of the HIV-1 gp120 during antigen presentation.
Biochem Biophys Res Commun 2001; 284: 875-9.

Baritaki S, Zafiropoulos A, Sioumpara M, Politis M, Spandidos
DA, Krambovitis E. lonic interaction of the HIV-1 V3 domain
with CCR5 and deregulation of T Iymphocyte function.
Biochem Biophys Res Commun 2002; 298: 574-80.
Bernstein HB, Tucker SP, Kar SR, McPherson SA, McPherson
DT, Dubay JW, et al. Oligomerization of the hydrophobic
heptad repeat of gp41. J Virol 1995; 69: 2745-50.

Chambers P, Pringle CR, Easton AJ. Heptad repeat sequences
are located adjacent to hydrophobic regions in several types of
virus fusion glycoproteins. J Gen Virol 1990; 71: 3075-80.
Lu M, Blacklow SC, Kim PS. A trimeric structural domain of
the HIV-1 transmembrane glycoprotein. Nat Struct Biol 1995;
2: 1075-82.

Weissenhorn W, Dessen A, Harrison SC, Skehel JJ, Wiley DC.
Atomic structure of the ectodomain from HIV-1 gp41. Nature
1997; 387: 426-30.

Wild C, Oas T, McDanal C, Bolognesi D, Matthews T. A syn-
thetic peptide inhibitor of human immunodeficiency virus
replication: correlation between solution structure and viral
inhibition. Proc Natl Acad Sci USA 1992; 89: 10537—-41.
Wild CT, Shugars DC, Greenwell TK, McDanal CB, Matthews
TJ. Peptides corresponding to a predictive alpha-helical do-
main of human immunodeficiency virus type 1 gp41 are potent
inhibitors of virusinfection. Proc Natl Acad Sci USA 1994; 91:
9770-4.

Chen CH, Matthews TJ, McDanal CB, Bolognesi DP, Greenberg
ML. A molecular clasp in the human immunodeficiency virus
(HIV) type 1 TM protein determines the anti-HIV activity of
gp41 derivatives: implication for viral fusion. JVirol 1995; 69:
3771-7.

Liu S,LuH, NiuJ, XuY,Wu S, Jiang S. Different from the HIV
fusion inhibitor C34, the anti-HIV drug Fuzeon (T-20) inhibits
HIV-1 entry by targeting multiple sites in gp41 and gp120. J
Biol Chem 2005; 280: 11259-73.

Lawless MK, Barney S, Guthrie KI, Bucy TB, Petteway SR Jr.,
Merutka G. HIV-1 membrane fusion mechanism: structural studies
of the interactions between biologically-active peptides from
gp41l. Biochemistry 1996; 35: 13697-708.

Furuta RA, Wild CT, Weng Y, Weiss CD. Capture of an early
fusion-active conformation of HIV-1 gp41l. Nat Struct Biol
1998; 5: 276-9.

Kilby JM, Hopkins S, Venetta TM, DiMassimo B, Cloud GA,
Lee JY, et al. Potent suppression of HIV-1 replication in hu-
mans by T-20, a peptide inhibitor of gp41-mediated virus entry.

1171



Krambovitis E et al

Acta Pharmacologica Sinica ISSN 1671-4083

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

1172

Nat Med 1998; 4: 1302-7.

Lalezari JP, Eron JJ, Carlson M, Cohen C, DeJesus E, Arduino
RC, et al. A phase |l clinical study of the long-term safety and
antiviral activity of enfuvirtide-based antiretroviral therapy.
Aids 2003; 17: 691-8.

Lalezari JP, Henry K, O'Hearn M, Montaner JS, Piliero PJ,
Trottier B, et al. Enfuvirtide, an HIV-1 fusion inhibitor, for
drug-resistant HIV infection in North and South America. N
Engl J Med 2003; 348: 2175-85.

Lazzarin A, Clotet B, Cooper D, Reynes J, Arasteh K, Nelson
M, et al. Efficacy of enfuvirtide in patients infected with drug-
resistant HIV-1 in Europe and Australia. N Engl J Med 2003;
348: 2186-95.

Zhang X, Lalezari JP, Badley AD, Dorr A, Kolis SJ, Kinchelow
T, et al. Assessment of drug-drug interaction potential of
enfuvirtide in human immunodeficiency virus type 1-infected
patients. Clin Pharmacol Ther 2004; 75: 558—68.
Ruxrungtham K, Boyd M, Bellibas SE, Zhang X, Dorr A, Kolis
S, et al. Lack of interaction between enfuvirtide and ritonavir
or ritonavir-boosted saquinavir in HIV-1-infected patients. J
Clin Pharmacol 2004; 44: 793-803.

Tremblay CL, Kollmann C, Giguel F, Chou TC, Hirsch MS.
Strong in vitro synergy between the fusion inhibitor T-20 and
the CXCR4 blocker AMD-3100. JAcquir Immune Defic Syndr
2000; 25: 99-102.

Nagashima KA, Thompson DA, Rosenfield SI, Maddon PJ,
Dragic T, Olson WC. Human immunodeficiency virus type 1
entry inhibitors PRO 542 and T-20 are potently synergistic in
blocking virus-cell and cell-cell fusion. J Infect Dis 2001; 183:
1121-5.

Rimsky LT, Shugars DC, Matthews TJ. Determinants of human
immunodeficiency virus type 1 resistance to gp4l-derived in-
hibitory peptides. JVirol 1998; 72: 986-93.

Wei X, Decker M, Liu H, Zhang Z, Arani RB, Kilby JM, et al.
Emergence of resistant human immunodeficiency virus type 1
in patients receiving fusion inhibitor (T-20) monotherapy.
Antimicrob Agents Chemother 2002; 46: 1896-905.

Poveda E, Rodes B, Toro C, Martin-Carbonero L, Gonzalez-
Lahoz J, Soriano V. Evolution of the gp41l env region in HIV-
infected patients receiving T-20, a fusion inhibitor. Aids 2002;
16: 1959-61.

Xu L, Pozniak A, Wildfire A, Stanfield-Oakley SA, Mosier SM,
Ratcliffe D, et al. Emergence and evolution of enfuvirtide
resistance following long-term therapy involves heptad repeat
2 mutations within gp41. Antimicrob Agents Chemother 2005;
49: 1113-9.

Carmona R, Perez-Alvarez L, Munoz M, Casado G, Delgado E,
Sierra M, et al. Natural resistance-associated mutations to
Enfuvirtide (T20) and polymorphisms in the gp41 region of
different HIV-1 genetic forms from T20 naive patients. J Clin
Virol 2005; 32: 248-53.

Fuzeon [package insert]. Injection Instructions. Durham, NC,
and Nutley, NJ: Trimeris Inc and Roche Laboratories Inc; 2003.
Steinbrook R. HIV infection: a new drug and new costs. N Engl
J Med 2003; 348: 2171-2.

Tashima KT, Carpenter CC. Fusion inhibition: a major but
costly step forward in the treatment of HIV-1. N Engl J Med
2003; 348: 2249-50.

74

75

76

77

78

79

80

81

82

83

84

85

86

87

Allaway GP, Davis-Bruno KL, Beaudry GA, Garcia EB, Wong
EL, Ryder AM, et al. Expression and characterization of CD4-
1gG2, a novel heterotetramer that neutralizes primary HIV type
1 isolates. AIDS Res Hum Retroviruses 1995; 11: 533-9.
Trkola A, Pomales AB, Yuan H, Korber B, Maddon PJ, Allaway
GP, et al. Cross-clade neutralization of primary isolates of
human immunodeficiency virus type 1 by human monoclonal
antibodies and tetrameric CD4-1gG. JVirol 1995; 69: 6609-17.
Jacobson JM, Lowy |, Fletcher CV, O'Neill TJ, Tran DN, Ketas
TJ, Trkola A, et al. Single-dose safety, pharmacology, and
antiviral activity of the human immunodeficiency virus (HIV)
type 1 entry inhibitor PRO 542 in HIV-infected adults. J Infect
Dis 2000; 182: 326-9.

Jacobson JM, lsrael RJ, Lowy |, Ostrow NA, Vassilatos LS, Barish
M, et al. Treatment of advanced human immunodeficiency
virus type 1 disease with the viral entry inhibitor PRO 542.
Antimicrob Agents Chemother 2004; 48: 423-9.

Ono M, Wada Y, Wu Y, Nemori R, Jinbo Y, Wang H, et al. FP-
21399 blocks HIV envelope protein-mediated membrane fu-
sion and concentrates in lymph nodes. Nat Biotechnol 1997;
15: 343-8.

Dezube BJ, Dahl TA, Wong TK, Chapman B, Ono M, Yamaguchi
N, et al. A fusion inhibitor (FP-21399) for the treatment of
human immunodeficiency virus infection: a phase | study. J
Infect Dis 2000; 182: 607-10.

Lin PF, Blair W, Wang T, Spicer T, Guo Q, Zhou N, et al. A
small molecule HIV-1 inhibitor that targets the HIV-1 envelope
and inhibits CD4 receptor binding. Proc Natl Acad Sci USA
2003; 100: 11013-8.

Si Z, Madani N, Cox JM, Chruma JJ, Klein JC, Schon A, et al.
Small-molecule inhibitors of HIV-1 entry block receptor-in-
duced conformational changes in the viral envelope
glycoproteins. Proc Natl Acad Sci USA 2004; 101: 5036—41.
Hanna G, Lalezari J, Hellinger J, Wohl D, Masterson T, Fiske
W, et al. Antiviral activity, safety, and tolerability of a novel,
oral small-molecule HIV-1 attachment inhibitor, BMS-488043,
in HIV-1-infected subjects. In: Proceedings of the 11th confer-
ence on retroviruses and opportunistic infections; 2004 Feb 8-
11, San Francisco. 2004.

Shaunak S, Thornton M, John S, Teo |, Peers E, Mason P, et al.
Reduction of the viral load of HIV-1 after the intraperitoneal
administration of dextrin 2-sulphate in patients with AIDS. Aids
1998; 12: 399-409.

Dezzutti CS, James VN, Ramos A, Sullivan ST, Siddig A, Bush
TJ, et al. In vitro comparison of topical microbicides for pre-
vention of human immunodeficiency virus type 1 transmission.
Antimicrob Agents Chemother 2004; 48: 3834-44.

Morrow K, Rosen R, Richter L, Emans A, Forbes A, Day J, et al.
The acceptability of an investigational vaginal microbicide, PRO
2000 Gel, among women in a phase | clinical trial. J Womens
Health (Larchmt) 2003; 12: 655-66.

Kuritzkes DR, Jacobson J, Powderly WG, Godofsky E, DeJesus
E, Haas F, et al. Antiretroviral activity of the anti-CD4 mono-
clonal antibody TNX-355 in patients infected with HIV type 1.
J Infect Dis 2004; 189: 286-91.

Tremblay CL, Giguel F, Kollmann C, Guan Y, Chou TC, Baroudy
BM, et al. Anti-human immunodeficiency virus interactions of
SCH-C (SCH 351125), a CCR5 antagonist, with other antiret-



Http://www.chinaphar.com

Krambovitis E et al

88

89

90

91

92

93

94

95

96

97

98

roviral agents in vitro. Antimicrob Agents Chemother 2002;
46: 1336-9.

Tsamis F, Gavrilov S, Kajumo F, Seibert C, Kuhmann S, Ketas
T, et al. Analysis of the mechanism by which the small-mol-
ecule CCR5 antagonists SCH-351125 and SCH-350581 inhibit
human immunodeficiency virus type 1 entry. JVirol 2003; 77:
5201-8.

Reynes J, Rouzier R, Kanouni T, Baillat V, Baroudy B, Keung A.
SCH C: Safety and antiviral effects of a CCR5 receptor antago-
nist in HIV-1-infected subjects. In: Proceedings of the 9th
conference on retroviruses and opportunistic infections;, 2002
Feb 24-28, San Francisco. 2002

Schurmann D, Rouzier R, Nougarede R, Reynes J, Fatkenheuer
G, Raffi F, et al. SCH D: Antiviral activity of a CCR5 receptor
antagonist. In: Proceedings of the 11th conference on
retroviruses and opportunistic infections, 2004 Feb 8-11, San
Francisco. 2004.

Baritaki S, Dittmar MT, Spandidos DA, Krambovitis E. In vitro
inhibition of R5 HIV-1 infectivity by X4 V3-derived synthetic
peptides. Int J Mol Med 2005; 16: 333-6.

Baba M, Nishimura O, Kanzaki N, Okamoto M, Sawada H,
lizawa Y, et al. A small-molecule, nonpeptide CCR5 antagonist
with highly potent and selective anti-HIV-1 activity. Proc Natl
Acad Sci USA 1999; 96: 5698-703.

Dragic T, Trkola A, Thompson DA, Cormier EG, Kajumo FA,
Maxwell E, et al. A binding pocket for a small molecul e inhibi-
tor of HIV-1 entry within the transmembrane helices of CCR5.
Proc Natl Acad Sci USA 2000; 97: 5639-44.

lizawa Y, Kanzaki N, Takashima K, Miyake H, Tagawa Y,
Sugihara Y, et al. Anti-HIV-1 Activity of TAK-220, a Small
Molecule CCR5 Antagonist. In: Proceedings of the 10th con-
ference on retroviruses and opportunistic infections, 2003 Feb
10-14, San Francisco. 2003.

Walker DK, Abel S, Comby P, Muirhead GJ, Nedderman AN,
Smith DA. Species differences in the disposition of the CCR5
antagonist, UK-427,857, a new potential treatment for HIV.
Drug Metab Dispos 2005; 33: 587-95.

Olson WC, Rabut GE, Nagashima KA, Tran DN, Anselma DJ,
Monard SP, et al. Differential inhibition of human immunode-
ficiency virus type 1 fusion, gp120 binding, and CC-chemokine
activity by monoclonal antibodies to CCR5. JVirol 1999; 73:
4145-55.

Trkola A, Ketas TJ, Nagashima KA, Zhao L, Cilliers T, Morris
L, et al. Potent, broad-spectrum inhibition of human immuno-
deficiency virustype 1 by the CCR5 monoclonal antibody PRO
140. J Virol 2001; 75: 579-88.

de Clercq E, Yamamoto N, Pauwels R, Balzarini J, Witvrouw M,
De Vreese K, et al. Highly potent and selective inhibition of
human immunodeficiency virus by the bicyclam derivative

99

100

101

102

103

104

105

106

107

108

109

110

111

JM3100. Antimicrob Agents Chemother 1994; 38: 668—-74.
Labrosse B, Brelot A, Heveker N, Sol N, Schols D, De Clercq E,
et al. Determinants for sensitivity of human immunodeficiency
virus coreceptor CXCR4 to the bicyclam AMD3100. J Virol
1998; 72: 6381-8.

Hendrix CW, Flexner C, MacFarland RT, Giandomenico C, Fuchs
EJ, Redpath E, et al. Pharmacokinetics and safety of AMD-
3100, a novel antagonist of the CXCR-4 chemokine receptor,
in human volunteers. Antimicrob Agents Chemother 2000; 44:
1667-73.

Ichiyama K, Yokoyama-Kumakura S, Tanaka Y, Tanaka R,
Hirose K, et al. A duodenally absorbable CXC chemokine recep-
tor 4 antagonist, KRH-1636, exhibits a potent and selective
anti-HIV-1 activity. Proc Natl Acad Sci USA 2003; 100: 4185—
90.

Doranz BJ, Grovit-Ferbas K, Sharron MP, Mao SH, Goetz MB,
Daar ES, et al. A small-molecule inhibitor directed against the
chemokine receptor CXCR4 prevents its use as an HIV-1
coreceptor. J Exp Med 1997; 186: 1395-400.

Murakami T, Nakajima T, Koyanagi Y, Tachibana K, Fujii N,
Tamamura H, et al. A small molecule CXCR4 inhibitor that
blocks T cell line-tropic HIV-1 infection. J Exp Med 1997;
186: 1389-93.

Murakami T, Zhang TY, Koyanagi Y, Tanaka Y, Kim J, Suzuki
Y, et al. Inhibitory mechanism of the CXCR4 antagonist T22
against human immunodeficiency virus type 1 infection. J Virol
1999; 73: 7489-96.

Galanakis PA, Spyroulias GA, Rizos A, Samolis P, Krambovitis
E. Conformational properties of HIV-1 gp120/V3 immuno-
genic domains. Curr Med Chem 2005; 12: 551-68.

Eron JJ, Gulick RM, Bartlett JA, Merigan T, Arduino R, Kilby
JM, et al. Short-term safety and antiretroviral activity of T-
1249, a second-generation fusion inhibitor of HIV. J Infect Dis
2004; 189: 1075-83.

Lalezari JP, Bellos NC, Sathasivam K, Richmond GJ, Cohen CJ,
Myers RA, et al. T-1249 retains potent antiretroviral activity
in patients who had experienced virological failure while on an
enfuvirtide-containing treatment regimen. J Infect Dis 2005;
191: 1155-63.

Martin-Carbonero L. Discontinuation of the clinical develop-
ment of fusion inhibitor T-1249. AIDS Rev 2004; 6: 61-3.
Root MJ, Kay MS, Kim PS. Protein design of an HIV-1 entry
inhibitor. Science 2001; 291: 884-8.

Root MJ, Hamer DH. Targeting therapeutics to an exposed and
conserved binding element of the HIV-1 fusion protein. Proc
Natl Acad Sci USA 2003; 100: 5016-21.

Eckert DM, Kim PS. Design of potent inhibitors of HIV-1
entry from the gp41 N-peptide region. Proc Natl Acad Sci USA
2001; 98: 11187-92.

1173



H POTOYPOPEiD GTO eEOPELVALO etvan and
http://twistedphysics.typepad.com/cocktail party physics/2007/

03/lateral moves.html



	phd porichis.pdf
	2.pdf
	3.pdf
	HIV-1 gp120/V3-derived epitopes promote activation-induced cell death to superantigen-stimulated CD4+/CD45RO+ T cells
	Introduction
	Materials and methods
	Peptides and liposomes
	Cell isolation
	Proliferation assay
	Phenotypic analysis of T cells by flow cytometry
	Measurements of cell apoptosis
	Intracellular calcium measurements

	Results
	Proliferation of PBMC treated with SEA and liposome constructs
	Phenotypic analysis of the CD4+ T lymphocytes on the day of maximum proliferation
	Apoptosis and intracellular calcium levels ([Ca2+]i) in PBMCs treated with SEA and liposome constructs

	Discussion
	Acknowledgement
	References


	4.pdf
	5.pdf

