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ANALKOIlHLH 

MoplaKof JAYJxavloJAof opaoYJs ve6repwv 
aVOOOKaraOraJtrlKWV cpapJAaKWV 

r. BtpyOUAQS 

XClfJOUfJYIK~ Ki\IVIK~ MCWjAOOXCUOCWV Ane IrrrrOKfJQWO r.n.N.e. 

E(VQl nMov yVWaTO 0'£ OAOU~, OTl 11 ovoaOKO
TQaToM o£v I-InOP£l KQl o£v nptn£l vo £lVQl (OlO 
0'£ OAOU~ TOU~ oa8£v£l~, nou no(pvouv V£<PPlKO 
1l0OX£U1l0. KQTO Tllv o~loMYllall TOU 00'8£
vou~, nOVToT£ IlnO(V£l TO £PWTllIl0 noaa tVTovll 
80 £(VQl 11 oVOOlOKf] TOU onoVTllall aTO 1l0OX£U
110 nou 80 nop£l, KQl £ov £nopK£lllovo8£pon£l
0, OlnAf] OVOaOKQTOaTOAf] f] XP£lO~£TQl TplnM f] 
T£TponM OlOOOXlKf] ovoaoKQToaToM. 0 aTO
Xo~ Tll~ oywyf]~ £lVQl 11 ono<puyf] Tll~ onoppl
LjJll~ TOU V£<PPlKOU 1l0OX£UIlQTO~, oMo TOUTO
Xpovo 11 ono<puyf] TWV £nlK(vouVWv YlO Tll ~wf] 

AOlIlW~£wv, TWV KOKOf]8wv voall1l0TWV, 11 OlO
Konf] TWV KOPTlKOaT£PO£lOWV, onoT£ £lVQl ou
VQTO, KQl 11 £AOTIwall TWV ov£m8ullf]Twv opo
a£wv TWV <POPIlOKWV. rlO vo £mT£ux8ouv TO no
ponovw, 80 nptn£l vo £lVQl yVWaTf] 11 ovoaoy£
V£TlKf] oOIlf] TOU ~£uyou~ oOTll-Mffill KQl 0 TPO
no~ opoall~ TWV OVOaOKQTOaTaATlKWV <POPIlO
KWV. 

MtXPl npoa<pQTo unf]px£ 0<p8ovo~ Xpovo~ 

VO £~OlK£lW8£( KonOlo~ 11£ tvo OVOaOKQTOaTOA
TlKO <P0PIlOKO, IltXPl vo £1l<Povla8£l Konolo v£o
T£pO. AUTo O£v lOXU£l nMov. To T£A£UTQ(O Xpo-

MET ABIBAI:H TOY EPE0II:MAT OI: I:T 0 
T AEM<I>OKYT T APO 

H KaAffiv£uplV11 EtVat Ilta npoH£lvlKi] q>cocr<pa
'tuo11 'tou 0POD nou ano't£AEt ~affiKo napuyov'ta 
O"'t11v £~£Al~11 'tcov YEYovo'tcov, nou apxii;ouv, 0
'tav 'to ~£vo avnyovo ouv8£8Et /..l£ 'tOY un080x£a 
'tOu T A£/..lq>OKUHUpOU (TCR) Kat 't£AWDVOUV /..l£ 
't11 /..l£'taypaq>i] 'tCOV KU't'tapOK1VcOV Kat 't11V nAl'jP11 
£v£pyonOl11O"Tj 'tou T A£/..lq>OKUHUpOU (Lxi]/..la 1). 
H oDv8£0"Tj 'tOU TCR /..l£ aAAoavnyovo £v£pyo
nolEt 'tOU~ CD3 Kat Zi]'ta /..lE'ta~l~ao't£~ (transduc
ers) /..l£ ano't£A£cr/..la 't11V £v£pyonol11O"Tj KlvaocOv 
't11~ 'tupocriv11~ (OUYK£Kpl/..l£va'tcov p56 i

", p59fY
" 

Kat ZAP-70), 'tcov ouv8£nKcOv npconivcOv Kat 't11~ 

q>cooq>OAl1tU011~ Cyl, nou npOKaAODv 't11 ADO"Tj 'tOU 
Alm8l0U q>cooq>an8lA1Ki] lVOffi 'tOA11 't11~ KUHapl
Ki]~ /..l£/..l~PUV11~ Kat an£A£u8£pcoO"Tj 'tplq>COOq>Opl
Ki]~ lVOffi'tOA11~ (IP3) ano au'ti]v. H IP3 npOKaAEt 
uv080 't11~ OUYK£v'tPCO011~ 'tOU aO~£cr'tlOU 0't0 KU-

VlO £1l<Pov(a811Kov noMa vto OVOaOKQTOaTOATl
KO <P0PIlOKO. ono TO ono(o oMo [3p(aKOVTQl 
aTO T£AlKO aTOOlO TWV KAlVlKWV OOKlllWV KQl OA
AO £(VQl f]011 0'£ KAlVlKf] XPf]all. H OVOffiU~l1 TWV 
vtwv OUTWV <P0PIlOKWV oVTmpoawn£u£l Ill0 TO
all YlO mo £lOlKf] ovoaoKQToaToM. Kovtvo ono 
TO vto <POPIlOKO O£ aT0X£U£l aTllV £AOTIWall 
TOU opl81loU TWV A£UKWV Qllloa<pQlp(wv YlO Tllv 
onoT£A£aIlOTlKOTllTO TOU KQl 11 opoall TOU~ 

aTpt<p£TQl KUp(W~ £voVTlov TWV A£lTOUPYlWV 
TWV T A£Il<pOKUTIOpWV, nou tX£l onoo£lx8£( OTl 
no(~ouv K£VTPlKO POAO aTllV £lOlKf] OVOOTl ono
VTllall Tll~ o~£lo~ onopplljJll~ TOU 1l0OX£UIlQTO~ 
oMo KQl TWV A£lTOUPYlWV TWV B A£Il<POKUTIO
pwv. Ol VtOl OVOaOKQTOaTOATlKO( nopoyoVT£~ 

£lVQl <POPIlOKO nou auvotoVTQl 11£ KUTIOpO
nAOallQTlKt~ ovoao<plA(v£~ (tacrolimus f] FK506 
KQl sirolimus f] rapamycin) f] ovoaTtMouv Tll 
[3loauv8£all TWV nouplvwV (mycophenolate 
motetil) f] £lVQl OVTlaWIlQTO (XlIlQlPlKO f] £~ov
8pwnOnOllllltvO), nou aTpt<POVTQl £VOVT(OV TOU 
unoooxto Tll~ IL-2. 
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'taponAaO/..la nou £v£pyonOlEt 't11v ano 'to Ca++ 
Kat T11v KaA/..l080UAlV11 £~ap'tcO/..l£V11 q>cooq>mU011 
KaAffiv£uplV11, . H KaAffiv£uplV11 (calcineurin) Et
Vat Eva 8l/..l£P£~ nou 8ta8£'t£1 /..lta Ka'taAunKi] 
(CNA) Kat /..lla PU8/..ll0'tlKi] (CNB) uno/..lovu8a 
nou np£n£1 va ouv8£80DV /..l£ 'to OD/..lnAEY/..la KaA
/..l080UAlV11/Ca++, yta va EtVat A£1'tOUPYlK£~ /..lE'tU 
't11v £v£pyonol11011 'tOu T A£/..lq>OKUHUpOU2

• H ODV
8£cr11 au'ti] npoKaA£l an£A£u8£pCO011 £vo~ aU'tOa
vao'taA'tlKOD £1tl'tonou 't11~ uno/..lovu8a~ CNA /..l£ 
ano't£A£cr/..la 't11v £v£pyonol11011 't11~ KaAffiv£upl
v11~. To OD/..lnA£Y/..la avoooq>lAlv11~/q>ap/..lUKOU 

ouv8££'tat O£ /..lta aAA11AOKaAun'tO/..l£v11 n£plOxi] 
't11~ CNA, nou £1tl011~ av'tl8pu /..l£ 't11 CNB Kat 11 
oDv8£cr11 au'ti] avaO"'t£AA£1 't11v Ka'taAun Ki] 8£0"Tj 
't11~ KaAffiv£uplV11~ aAAu 0Xl Kat 't11 8uva'to't11'ta 
oDv8£cri]~ 't11~ /..l£ 'to unoo'tpco/..la (ElKova 1). H a
vao'toAi] 't11~ 8pU011~ 't11~ KaAffiv£uplV11~ EtVat £
~atp£'tl KOD £v8taq>£pov't0~, 8lon 11 £v£pyonol11 /..l£
v11 KaAffiv£uplV11 £v£pyon01Et ~affiKOD~ /..l£'taypa
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LUlJlTAEYlJa TCRlCD3 

~
 
PTK, PLCy1, IP3 

FK506/FKBP12 ------1~~ CN-A 1
+ + CaM/Ca++ 

CN-B 

~
 
NF -ATe 

i
 
nUPllvIKO[ lTapayovTE<; IJETaypacp~<; 

i
 
napaywy~ IL-2 KOI aMwv KITOKIVWV 

---,,~G1~ ------'GO 
IL-2 + -~ C1 ----1". STCR ... 

I:XtlIlU 1: MEtU~i~uO"Tl tOll EpEeiO"lluto~ IlEta UltO l)lfyEPO"Tl tOll llltOl)0XEU tOll T AEIl<t>OKllttapOll Kat O"TlIlEio
 

l)paO"Tl~ tOll FKS06.
 

TCR: Y1tOl)0XEUi; T Aq.llpOKU"t"tapou, CD3: 1.I£1:a~t~U<Jttl~, PTK:1tp(U"t£lV1Ktl KtVa<JTl tll~ tUpo<J1Vll~, PLCyl: lpW<Jlpo


Al1ta<JT) Cyl, IP3: tptlpW<JlpOptKTl tVO<JltOAll, CN(A+B): KUA<JlVEUptVll, CaM: KuAI.l0l)ouA1Vll, NF-ATc: KU"t"tUP01tAU


<J~U"ttKtl u1t0I.l0val)u toU 1tUPllVtKOU 1tupayovtu tWV EVEpY01tOlllI.lEvO)V T A£l.IlpOK'\J"ttapwv, IL-2: Ivt£pA£UK1Vll 2,
 

FKBP12: uVO<JOlptAtVll1tOU <JuvllE£tUt 1.1£ "to FK506.
 

Ac/lrpOKu't'tapa (NF-ATc) Kat /lla 1tUP11VIKi] U1t0/lo
vaoa (NF-ATn). H £v£PY01tOl11ll£Vll KaAmvEuplv11 acalcineurin B 
1torpcomjlOpUAUOV£l 'tOY NF-ATc, 0 01t010~ O""tll O"UVE
X£la /lE'taKlvElml /lEO"a mov 1tUpi]va 01tOU O"UVOEE
'tat /l£ 'tOY AP-I mavco O"'to DNA3

• H crUVOE<J11 'tou 
NF-AT £ivai <J11/lavnKi] yta"tll /lE'tayparpi] 'tou au
Sl1'tIKOU 1tapayov'ta 'tcov T Ac/lrpoKunapcov 0l1A "tll~ 

IL-2 Kal O"U/l~aAAcI Kat O""tll /lE'tayparpi] Kal 'tCOV 
KunapoKlvrov K3, TNFa, TNFKB, NF(P) Kat TGF W 
6. OAOI amol Ol 1tapayov'tE~ 1tpoayouv 'tl1v £10"000 
'tou aopavou~ T Ac/lrpoKunapou a1to "tll rpa<J11 GO 

phosphatase active sIte 
O""tll rpa<J11 G1. H 1tapaycoyi] KunapoKlvrov a1to'tEAcl 
~amKo 1tapayov'ta yta "tllV £v£PY01tOl11<J11 'tou T 

El K.l: I:uvl)EO"ll tOll O"llllltAfYIlUto~ uvoO"o<t>lA,ivTl~ Ac/lrpoKunapou. H IL-2 O""tll O"uvEX£la Ka6ffi<; Kat 
(FKBI2) Kat <t>up~aKOll (FKS06) ~E tTlV KUA,(Jl aAAc~ KunapoKlv£~ Ka'taAa/l~avouv 'tou~ U1tOOo
VEllpivTl (A,B). X£i~ 'tou~ Kat 0011YOUV 'to T Ac/lrpoKunapo a1to "tllV 

G1 O""tllv rpa<J11 S /lE 'tEAIKO a1tO'tEAcO"/la 1tapaycoyi] £rpIKOU~ 1tapayov't£~ yta "tllV £v£PY01tOl11<J11 'tou T 
v£PY01tOl11ll£VCOV T Ac/lrpoKunapcov. H opa<J11 "tll~Aq.HjlOKUnapou. 0 <J1tOUOato't£po~ a1to amou~ £lval 
KaAmv£uplv11~ O"'ta aAAa maola "tll~ avO<J11~ a1tao 1tUP11VIKO~ 1tapayov'ta~ 'tcov £v£PY01tOl11ll£VCOV T 
v"tll<J11~, 01t~ 11 1tapoucria<J11 'toU avnyovou Kat 11Ac/lrpoKunapcov (NFAT), 0 01t010~ EX£l OUO U1t0/lO
1tapaycoyi] av'tIO"co/la'tcov &v E1Vat O"arpi]~.va&~, /lla KUnap01tAaO"/lanKi], £lOIKi] yta 'ta T 
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ANAZ:T OAEIZ: T HZ: KAAZ:INEYPINHZ: 

T acrolimus iJ FK S06(Prograf) 

o v£o<; cnyto<; napayov'ta<;, npo£PX£'tat ano 'tOY 
streptomyces tsukabaensis, £ivat l..laKPOAlOlKO a
vn~lO'tlKo nou £X£llcrXUpi] avocroKa'tamaAnKi] 
Opacrll, 'tocro in vitro, ocro Kat in vivo. flap' OAO 
nou Ota<P£P£l 00IIIKa ano 'tllV KUKAocrnoplvll £X£l 
nap0l..l0lO I..l11Xavlcrl..l0 opa<JYj<;. To FK506 ava
cr't£AA£l 1:11 A£l1OupYla 'tON A£I..l<POKU't'tapffiV £I..lno
ol1;ov'ta<; 'tll I..l£'taypa<pi] Kat napayffiyi] IL-2 Kat 
aAAffiV KU't'tapOKlVWV. LUVO££'tat I..l£ I..lta £lOlKi] 
£VOOKU't'tapta avocro<plAIVll, 'tllv FK506-cruvO£ou
cra npffi'tElvll (FKBP12), 'tffiV KU't'tapffiv 10U avo
crtaKOU crucr'ti]l..la1O<;, nou £X£l £vooy£vi] opacr'tll
plo'tll'ta lcr0l..l£pacrll<; Kat avacr't£A£l 'tll A£l1OUP
Yia 'tlj<;. EIVat YVfficr'tO on Ol avocro<plAIv£<; ~Oll
80uv 'tll de novo n'tuXfficrll 'tffiV v£onapaY0I..l£VffiV 
npffi't£1.vrov Ka'ta 'tllV I..l£'taypa<pi] 1OU<; Kat I..lnop£1 
va A£l1OUpyouv crav 'tcran£pov£<;' cr'tll 1..l£'taKIvll
crll 'tffiV npffi't£1.VWV Kat 'tllV £KKplcri] 1OU<;. H ava
maA'tlKi] Opacrll 10U FK506 £navffi mll A£l1OUP
Yia 'tll<; FKBP12 o£v £1tapK£1 yta va £~llyi]cr£l 'tllv 
avocroKa'tamaAnKi] 10U Opacrll. H ~acrlKi], aA
Aa 0Xl Kat 11 I..l0Vll, Opacrll 10U crUl..lnAEYl..la1O<; 
FKBP12/FK 506 £IVat 11 cruvO£crll Kat 11 avacr1OAi] 
'tll<; Opacrll<; 'tll<; KaAcrlv£upIvll, I..lta<; <pfficr<pa'tacrll<; 
10U opou, nou £X£l Ol1tAO pOAO cr'tll I..l£'taypa<pi] 
'tffiV Ku't'tapoKlvrov I..l£'ta HjV £v£pyonoillcrll 10U T 
A£I..l<poKu't'tapou79 

H aopavonoillcrll 'tll<; KaAcrl• 

v£uPIvll<; ma T A£I..l<poKu't'tapa ano 'to crUl..lnAty
I..la FKBP12/FK506 Ka'taAi]y£l crt avamoAi] 'tll<; 
l..l£'taKIvllcrll<; 'tou NF-ATc cr10V nupi]va 'tou KU't
'tapou Kat cr'tllV avamoAi] 'tll<; opacrll<; Kat aA
AffiV napaYOV'tffiV, nou crUI..lI..l£'t£XOUV cr'tll I..l£'ta
ypa<pi] 'tffiV KU't'tapOKlvroV. 

EnIcrll<; 'to FK506 avam£AA£l 'tll 1..l£'taKIVllcrll 
10U NFKB I..l£cra cr10V nupi]va I..l£'ta 'tllv £v£pyo
nOlllcrll 10U T A£I..l<poKU't'tapou. 0 NFKB ~PIcrK£
'tat cr'to KU't'taponAacrl..la aopavwv Ku't'tapffiv 
cruvo£O£I..l£vo<; I..l£ 'tOY avamoAEa I-KB. O'tav 'to 
Ku't'tapo £v£pyonOl1l8£1 0 I-KB <pfficr<pOpUAlOU'tat 
Kat anocruvo££'tat ano 10V NFKB £1tl'tp£nOV'ta<; 
cr10V 't£A£u'taIo va I..l£'tavacr't£ucr£l cr10V nupi]va 
'tOU KU't'tapou, onou crUI..lI..l£'t£X£l mll /l£'taypa<pi] 
Ota<pOpffiV KU't'tapOKlVWV. 0 FK506 avam£AA£l 
Ola<pop£<; I-KB Klvacr£<; Kat £/lnool1;£l 'tllv ano
cruvo£crll 10U NFKB ano 'tOY avacr1OA£a 1OU. H a
vamoAi] 'tll<; Opacrll<; 'tou NFKB ano 'tOY FK506 £
~lly£i 'tllv avacr1OAi] napayffiyi]<; 'tll<; IL-2 Kat IL
4 ano 'ta £v£pyonOlll/l£Va T Kat B A£I..l<POKu't'ta

lOII pa . 0 FK506 avacr't£AA£l 'tllv anon'tfficrll, nou 

aKOAou8d 'tllv £v£pyonoillcrll 'tffiV T A£I..l<POKU't
'tapffiv, £Aa't'twvov'ta<; 'tll I..l£'taypa<pi] 10U Fas-lig
ant, avacr'tEAAov'ta<; 'tll Opacrll 'tffiV napayov'tffiv 
'tll<; I..l£'taypa<pi]<;, (NUR 77 MEF2), Kat au~avo
v'ta<; 'tll cruv8£crll Bcl-2'I. EnIcrll<; avacr't£AA£l 'ta £
p£8Icrl..la'ta, nou £~ap'twv'tat ano 10 cAMP Kat £
Aa't'tWV£l n<; opacr'tll PlO'tll 't£<; 'tll <; npffi't£1.Vl Ki]<; Kl
vacrll<; A Kat 'tll<; npffi'tElvll<; nou ano't£A£l 10V a
nav'tllnKo napayov'ta cr10 cAMP (CREB). H opa
crll au'ti] 8a I..lnopoucr£ va 'tpononOli]cr£l 'tllv avo
croKa'tacr'taA'tlKi] Opacrll 10U <pap/laKOU Kat va £
V£X£'tat cr'tll Ota~ll1OYOVO Kat V£<PP01O~lKi] opa
crll 'tou". 

o FK506 0Xl /lOVO o£v npoKaA£1 aU~lll..l£vll na
payffiyi] 10U TGF~, aAAa 11 FKBP12 cruvo££'tat 
I..l£ 1OU<; unoooXd<; 'tunou 1 'tll<; OlKOY£V£ta<; 'tffiV 
TGF ~ Kat da't'trov£l 'tll Opacrll 1OU<;I1. 

M£po<; 'tll<; avocroKa'tacr'taAnKi]<; Opacrll<; 10U 
FK506 m8avo'ta'ta O<p£IA£'tat cr'tllv £v£pyonolll
crll 'tON YAUKOKopnKO£lOlKWV unOOOX£ffiV (GR). 
Mll 1..l£'tacrXlll..la'tlcrl..l£VOl GR, Ol onolOl O£ cruvO£o
v'tat I..l£ 10 DNA, £ivat £'t£pol..l£pd<; OO/l£<;, nou n£

Pl£XOUV 10V unooox£a nou crUVO££l 'tllv 0PI..l0Vll 
Kat n<; npffi'tElV£<; 8£P/llKi]<; Ka'tanAll~la<; (hsp) 70 
Kat 56 1415. H av8promvll hsp 56 £IVat £1tIcrll<; /lta 
avocro<plAIvll nou I..lnop£i va cruvo£8£1 I..l£ 10V 
FK506. 0 FK 506 £VlcrXU£l 'tllv ano 10V GR npo
KaAOul..l£Vll I..l£'taypa<pi] au~avov'ta<; 'tll OUVa/lll 
cruvo£cri]<; 10U I..l£ 'tllv OP/lOVll Kat 'tllV /l£'taKIvll
crll 'tou GRI6. H lOlo'tll'ta aU'ti] Sa /lnopoucr£ va £
~llyi]cr£l 'tll Ouva'to'tll'ta OtaKoni]<; 'tffiV KopnKO
m£po£lowV, o'tav XOPlly£l'tat FK506. 

o FK506 £nIcrll<; £X£l 'tllv lOlO'tll'ta va puSI..lI1;£l 
1OU<; £vooKU't'taplOu<; OtaUAOU<; an£A£u8£pfficrll<; 
acr~£cr'tiou. H FKBP12 cruvo££'tat <pucrlOAoYlKa I..l£ 
'tOY unooox£a 'tll<; ptaVOOIvll<; (ryanodine, RYR) 
Kat 10V unooox£a 'tll<; 1,4,5 'tPl<p(j)(J<pOPlKi]<; lVOcrl
'toAll<; (lnsP3R, IP3). 0 RYR £v£X£'tat mll Ol£Y£P
crll Kat crucrnacrll 'tffiV ypal..ll..lffi'trov /lUWV Kat aA
AffiV nou I..lnopOUV va Olty£pSOUV KU't'tapffiV, £VW 0 
unooox£a<; IP3 £V£X£'tat mllv an£A£uS£Pfficrll Ca", 
ano 0Pl..l0v£<; Kat v£upO/l£'ta~l~acr't£<;. H KaAcrl
v£UPIVll cruvO££'tat <pucrlOAoYlKa I..l£ 'ta cru
I..lnAEYl..la'ta IP3R-FKBP12 Kat RyR-FKBp12 Kat 11 
cruvO£crll au'ti] /lnopd va olaKon£1 ano 10 FK506 
/l£ ano't£A£cr/la 'tllv anwA£la 'tll<; 'taAav'tfficrll<; 
'tffiV lOV'tffiV Ca" nou £ivat anapal'tll'tll yta OA£<; 
n<; KU't'taplK£<; ol£pyacrl£<; nou d£yxov'tat ano 10 
Ca" Kat <pUcrlKa Kat yta 'tllV £v£pyonoillcrll 'tffiV T 
A£I..l<poKu't'tapffiv 17. 

Ynapxouv cr'tOlX£la on 0 FK506 0Xl I..l0VO ava
m£AA£l 'tllv napayffiyi] Xll/l£lO'taKnKWV napayo
V'tffiV, onffi<; 11 IL-S, aAAa £1tIcrll<; £/lnool1;£l 'tll I..l£
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'tavacrt£U<Jll 'tcov A£j.HpOKU't'tapCOv cr£ u'1tEi~ 86't£~ 

Kat Afpt't£~ rpta'ttKellY /locrX£U/la'tcov18. 0 FK506, 
m8avov avaO"'tEAAEt EVa '1£VU(O /lllxavtcr/lo Xll
/lEto'ta~ia~ /l£ 'tll'" tKavo'tll'ta 'tOU va 8taK01t'tEt 
'tllV 086 /lE'talpopa~ 'tOU £p£8icr/la'tO~ 8ta 'tll~ 1tpCO
't£lVtKT]~ Ktvacrll~ C, 1tOU crU/l/l£'tEXEt cr'tOv 1tOAU
/l£ptcr/lO 'tll~ aK'tlvll~ Kat ava8tOp'1avco<Jll 'tou 
Ku't'tapocrK£AE'tOU, 1tOU EiVat 'ta 1tpoa1tat'tou/l£va 
'1ta 'tll /lE'tavaO"'t£u<Jll 'tou KUHapou. H 8pacrll 
'tOu FK 506 O"'ta /lopta avocro1tpocrKoAllcrll~'tcov 
£v80811AtaKcOV KUHapcov Kat 'tcov A£/llpOKU't'ta
pcov 8£v EiVat '1vcoO"'tT] 19'0. TIp0lpavcO~ 11 /l£ 'tOY 
FK506 cruv8£o/l£Vll FKBP12 8Ecr/l£UEt Kat pu8/li
slOt £V801tAacr/lanKE~ 080u~ /l£'talpopa~ 'tou CaH 

, 

1tOU m8ava EiVat crll/lavnKE~ crulv 1tPOKAllcrll 
/lllxavtcr/lcOv Ku't'taptKT]~ 8tE'1£Pcrll~. Amo £lVat 
'to 1tPcO'to cr'tOlX£io U1tap~ll~ crll/lavnKcOv 8talpo
pcOv 0"'t0 /lOptaKO /lllxavtcr/lo 8pacrll~ FK506 Kat 
KUKAocr1topivll~"· 

H avacr'tOAT] 'tll~, /lEcrCO KaAcrtv£upiVll~, pu8/lt
crll~ 'tcov Na+, K+-ATPase a1to 'to FK506 cr'tO v£
lpPO, /l1tOpEi va £lVat u1t£u8uVll '1ta 'tll V£lppo'tO~t
Koul'ta 'tOu" . 

PaTtall1 K1Vll(RAPA, Rapamycin, Sirolimus, 
Rapamune). 

H pa1ta/ltKiVll avacr'tEAAEt 'tll 8u?'1£Pcrll 'tcov T 
A£/llpOKu't'tapcov, 1tOU 1tpOKaAEi'tat a1to CaH 

£~ap

'tcO/l£va Kat /lll £p£8icr/la'ta2J. 'E'tcrt avacr'tEAA£t 
'tll 8tE'1£Pcrll Kat 1tOAAa1tAacrtacr/lO 'tcov T A£/llpO
KU't'tapcov a1tO 'tllv IL-2, IL-4, IL-7, IL-12, IL-15, 'tll 
8tE'1£Pcrll Kat 1tOAAa1tAacrtacr/lO 'tcov B A£/llpOKm
'tapcov Ka8cO~ Kat 'tll 8talpopo1toi11crT] 'tOU~ cr£ 
avncrco/la'to1tapa'1co'1a A£!.llpOKu't'tapa /l£ a1to'tE

24AEcr/la 'tllV £Aa't'tcocrll1tapa'1co'1T]~ avncrco/la'tcov . 
Ta Ku't'tapa lpov£i~ 1tOU £v£P'101tOlOUV'tat a1to 
A£/llpOKiv£~ (lymphokine activated killers), 'ta lpu

AU~I1TIKoi TTopayovw; 

P70S6 
Klvaoll/p 

TUPOCJIVIKtc; Klvao£c; ~ 

SRC &JAK 
OIKOytV£I£c; 

ayvwoT£c;

IKlvao£~ IK Bo+c-Rel
 

bcl-2 .. - ~IF4E PHAS-1
 
2

Cd1P27+ + cyclinE crIm' S6 P'J3I'OWIJO .
nUPI1VIKO 

c-Rel 

£v£pyoTToil1 KIVOOWV tK<ppOOI1 ~ 
£~OPTWI.l' wv 0ltr6 KIKAIVIl pc~ ~~~T{iVIK~ yoviolo 

~a~V 

tVOP~11 UTT£P<PWO<P°PUAiwol1 TToMoTTAOOI00I.l0c; 
I.l£TOYPO<P~C; P£TIV0I3AOOTWI.l0TOc; DNA 

p34°~ 1, tK~paa~ 
KUKAivl1c; A 

AVf;~apT'1T 

H\<; Rapa 
006<; 

c-jun 
c-fos 
c-myc 

ras 
c-raf 
MEK 
MAPK 

~
 
£pt8lolJo 

Aq.llpOKIV ' 

r:xfJ/la 2. Ta ~lOXTJ/l1 Ktl YEYovota nOll avaO"tl:'A.ovtat ano tTJv pana/l1 KivTJ 
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cnKa KUTTapOKTOYa (NK) KUHapa Kat 11 aynCJOO
llaToEsapTcDllEYll KUHapo - KUHapOLOSl KOLllL<X 
ayaCJL£AAOVLat ano TllY panalllKtYll, aAAa CJE 
nOAu U'I'llMTEpE~ CJUYKEVLPcD(>El~ ano aUT£~ nou 
anatLOUyW.l, yw ya KaTaCJTEtAOUY HI bpaCJTll
plOTllTa TOOY T AEIl<poKUTTapooy'". H panalllKt Yll 
ayaCJL£AAEl LIlY ES£A1Sll LOU KUTTaplKou KUKAOU 
CJLO Il£CJo npo~ LO TEAO~ Tll~ <paCJll~ G I Kat LOY 
nOAAanAaCJwCJllo LOU T AEIl<poKUTTapou aKollll 
Kat OTay b08Et I2 cDPE~ IlEHX LO Ep£8lCJlla" 2<,. 

ETC!nAEOY 11 RAPA ayaCJTEAAEl LOY nOAAanAacna
CJIlO TOOY lYO~/,aCJLcDY, TOOY EYb0811AWK(t)Y KUTTa
POOY, TOOY llnaLOKUHapooy Kat TOOY AEtooy IlU1KcDY 
lyeOY, nou npOKaAEtTat ano aUSllnKou~ napayo
YTE~'7. 

H panalll KtYll Et Vat Ubpo<po~ll llaKpOKUKAl K11 
AaKLoY11. nou EsayETat ano LOY aKLlyollUKllTa 
Streptomyces hygroscopicus Kat nou, E1CJEPXOIlE
Yll CJLO KUHapo, CJUYb£ELat IlE n~ KUHaponAa
CJllanK£~ FKBPs". LUYb£ELat IlE TllY aYOCJO<plAlYl1 
FKBP12 Kat CJXllllaLt/;,El LO CJullnAEYlla RAPA
FKBP12, nou EtYat LO bpaCJnKo <papllaKo (LXT]~l<X 

2). 0 CJLOXO~ TOU CJWlTCAEYllaLO~ aUTou EtYat 11 
npOOTE1Yll mTOR(mamalian target of rapamycin, 
FRAP, RAFT T] SEP). nou bw8£T£l mtLOnO Klya
CJll~ Tll~ <pOOCJ<panblA1KI1~ lYOcnTOAll~ (PI-3-K) Kat 
CJUIlIlEL£X£l CJTllY ES£A1Sll TOU KUTTaplKou KU
KAOU CJE anaVLllCJll napayoVLOOY Tll~ aYanTuSll~ 

LOU KUTTapou, onoo~ 11 IL-2. H ETC! KpaLOUCJa CJl'lllE
pa ano'l'll EtYat on 11 mTOR ~ptCJKETat CJE KOIl
~l KO CJllIlEtO, ano LO onoto LO Ep£8lCJlla Tll~ bl£
YEPCJll~ LOU unobox£a 111~ IL-2 ~lTCOPEt ya aKoAou
8T]CJ£1 bla<popE~ KaLEU8uYCJEl~. MIa oM~ obllYEt 
CJLllY EYEpyonolllCJll Tll~ K1YaCJll~ p70S6 , 11 onola 
a) <pOOCJ<P0PUAlCOY£l TllY 56 npOOTElYll HOY Pl~OCJOO
llaTOOY CJE nOAAanA£~ 8£CJ£l~, YEYOYO~ nou EUYOEl 
TllY CJLpaLOMYllCJl1 Hl~ emo EYEpya noAupl~O-CJOO
llana'" Kat ausaY£1 TllIlELaypa<pT] LOU mRNA ~) 

ETC! TpEnEl CJE CJuYblEYEpCJllllE LOY C028, TllY IlETa
KlYllCJll LOU c-Rel(C028 response element-binding 
factor) IlECJa CJLOY nupT]Ya MyU) <pOOCJ<popUAloon
KT]~ anOlKoMllllCJll~ LOU IKBa Kat 111Y aUSllCJll 
Tll~ £K<ppaCJll~ TU)Y YOYlbtU)Y Tll~ IL-t" Kat y) E
YEpyonOlEt LOY anaYLllLlKO CJTOlX£laKO IlELaCJXll
llanCJLl1 LOU cAMP (CREM), nou npoKaAEl TllY E
yapSll Tll~ IlEL<Xypa<pT]~ LOU YOYlbtOU LOU nOAAa
nAacna/;,oll£YOU nUPllYl KOU aynYOYOU LOU KUT
Tapou (PCNA). To PCNA ElYat EYa~ UnOxpEOOTl
KO~ napayoYL<X~ Tll~ DNA nOAu~lEpaCJll~ b Kat a
nalTElLat yw TllY ESEA1Sl1 LOU KUTTapou CJ111 <pa
CJll S". Mw aAAll oM~ npOKaAEt <pOOCJ<POPUAtOOCJll 

LOU PHAS-I (11 4E-BPl), EYO~ ayaCJLOAEa Tll~ £
YapSll~ IlEL<Xypa<pT]~ npU)TE1YcDY, 0 onoios IlE aUTO 
LOY Tpono anoCJUYbEELat ano LOY napayOYTa eIF
4E". 0 TEAEUTatO~ <pOOCJ<pOpUAlOUTat Kat CJXTlllaTl
/;,El LO CJullnAEYlla eIF-4E/eIF-4G/eIF-4A LO onoto 
CJUYb£ETat IlE Tll 8£CJll 5cap LOU mRNA Kat npoKa
AEt aUSllCJll Tll~ IlEL<Xypa<pT]s LOU mRNA Kat na
payooyT] npOOTE1YWY. To CJullnAEYlla RAPA/ 
FKBP12 bpwVLa~ mayoo CJLllY KlyaCJll mTOR, Kat 
KaTa 0PlCJll£YOUs Kat CJE aAAE~ Kl YaCJE~ ayaCJT£
AA£1 ns napanayU) blEpyaCJtEs IlETa<popa~ LOU E
pE8tCJIlaLOs Tll~ IL-2 Kat bEY ETC! TpEnEl TllY napa
yooyT] npU)TElYcl)Y Kat LOY nOAAanAacnaCJIlO LOU 
AEIl<POKUTTap01J". T £AOs Ilw Tptnl oMs npoKaAEt 
aAucnbU)TT] EYEpyonotllCJll TOOY IlE LOY KUTTaplKo 
KUKAO CJXEL1/;'0IlEvooy KlyamOy(cdk) Kat TOOY CJU
IlnAEYllaTOOY KUKAtYll~. H RAPA bEY £X£l mtbpa
CJll CJTa mtnEba TOOY cdk2, cdk4, Kat HOY KUKA1
YWY 0 Kat E, aAAa EAaHWY£l Tll bpaCJLlWloTllTa 
TOOY CJUllnAEYllaTU)Y cdk4-cyclin 0 Kat cdk2-cyclin 
Ei'. H EYEpyonOt llCJl1 LOU~ KaLa Tll Il£CJll Kat TEA1
KT] <PaCJll LOU GI EsapTaTat ano CJLOlXElOllETPl KT] 
IlELa~OAT] TOOY p21 Kat p27"1'1 nou Et Vat ayaCJLO
AEt~ TOOY KlyaCJWy. H RAPA EllnObt/;,El TllY EsaAE1
'I'll LOU p27 Kat p21 Kat Ellnobt/;,El TllY EYEpyonot
llCJll TOOY CJUIl nAEY 11 aT OOY cdk4/cyclinO Kat 
cdk2/cyclinE. AnoT£AECJlla OAooy TOOY aYOOT£poo Et
Vat 11 unEp<pOOCJ<pOpUAllJ)CJll Tll~ npOOTElYll~ LOU pE
nYO~AaCJLWllaLOs (RB) Kat 11 blaCJnaCJll LOU CJU
IlnAEYllaLO~ RB-E2F. H EAaHOOllEY11 bpaCJLllP10
TllTa TOOY napayOYTOOY IlETaypa<pl1s LOU E2F obll
yEt CJE EAaTHOCJll LOU pu81l0U napayooyT]s npOO1E·i.
YWY LOU KUHaplKOU KUK/,OU, TOOY cdc2, Tll~ KU
KAtYl1s A Kat KlyaCJWY, nou anatLOUVLat CJTllIlE
L<Xypa<pl KT] bpaCJLllP10TllTa LOU KUHapou. Abpa
yonOtllCJll Tll~ RB EY8£XETat ya ayaOTEtA£l Kat 
a/,AE~ ObOUs nou EY£XOYTat CJLOY nOAAanAaCJW
CJIlO Kat Tll bla<poponot llCJll LOU KUTTapou, Onoo~ 

11 ayaCJLOAT] TOOY nOAUIlEpaCJWY I Kat 3 LOU RNA. 
H Bcl-2 Kat 11 CJUYbEOIlEYll IlE <X1H11 npOOTE1Yll 

(BAG-I) CJUYEpya/;,OYTat Yla T1lY KmaCJLOAT] Tlls 
anonTu)CJlls nou npOKaAEtTat ano CJ£lpa EpE81
CJllaTOOY, nEplAall~aYoll£YoU Kal aUTou nl~ IL-2, 
Yla Tll bl£yEpCJll TOOY T AEIl<PoKuLTapU)y. H RAPA 
ayaCJLEAA£l TllY £K<PpaCJll LOU bcl-2 Kal BAG-I 
Xu)pls ya EnllpEa/;,El TllY £K<PpaCJll TOOY c-fos / c-jun 
Kal c-myc'i. H ayaCJLOAT] Tlls £K<PpaCJlls LOU bcl-2 
Kal BAG-I 11 nopEl ya EtVal CJllllaYLl KT] yw TllY 
npoobo LOU KUHaplKou KUKAOU'". 
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Mycophenolate Mofetil (RS- 61443, MMF, Cell
Cept). 

To MMF Eivat Y]/.1tcrUVSE'ttKO 1tpo'iov, atSUAtKOs 
Ecr'tEpaS'tOU /.1UKO<patVOAtK01) OSEOs, EVOs av'tt/.1E
'ta~oAi'ty] 1tOU 1tapayE'tat a1to 'to /.1uKY]'ta fungus 
penicillium Kat /.1E'ta~oAl1;E'tat mo bpacrnKo cru
cr'ta'ttKO /.1UKO<pEVoAtKO OSU /.1E'ta 'tY] xop1']yY]cr1'] 
'tOU a1tO 'to cr't0/.1a3536. 

To MMF avacr'tEAAEt 'tY] cruvSEcrll 1touptVcOv, 
bY]A bpa ma 'tEAtKa cr'tabta 1tOAAa1tAamacr/.10u 
'tow AE/.1<poKunapcov, 1tOAU /.1E'tayEvEmEpa a1to 
'tOy FK506 Kat 'tY]V pa1ta/.1tKlvy]. L'ty] de novo oM 
cruvSEcrlls 1tOUptVcOV, /.10pta <pCOcr<pOPtK1']s Pt~01;lls 

1tapoucrla AT P cruvSE'tOUV ty]v 1tUpo<pcocr<poptK1'] 
<pcocr<pOpt~OcrlAY] (PRPP) /.1E 'tY]v KamAu'ttK1'] bpa
crll 'tY]s cruvSE'tacrY]s 'ty]s tEAEu'talas (Lx1']/.1a 3). 

K1']s tvocrlvY]s(IMPDH) 1tpOs 1tapaycoy1'] /.1ovo<pco
cr<pOptK1']s SavSlVy]s Kat mY] cruvEXEta /.10VO<pCO
cr<pOptK1']s youavocrlVy]s (GMP). 

To MMF aVamEAAEt tcrxupa, EKAEK'ttKa, ava
mpE\Ifl/.1a Kat /.1Y] aV'taycovtcrnKa 'tY] de novo cruv
SEcrY] 'tY] s 1tOUplVY] s youavocrlVY], avacr'tEAAoV'tas 
'tY] bpacrY] 'tY]s /.1ovo<pCOcr<pOptK1']s bEubpoyEvacrY]s 
'ty]s tVocrlVy]S (lMPDH), /.1E a1to'tEAEcr/.1a 'ty]v Esa
V'tAY]crY] 'tcov a1tOSY]KcOV 'tcov VOUKAEO'ttblCOV 'ty]s 
youavocrlvlls(GTP Kat dGTP). H KEVCOcry] tCOv a
1tOSY]KcOV 'tCOV VOUKA£O'ttblCOV 'ty]s youavocrlVy]s a
vacr'tEAAEt 'tY] AEt'tOupyia 'ty]s cruvSE'tacrY]s 'tOu 
(PRPP) Kat 'tY]s avaycoyacrY]s 'tCOV VOUKA£O'ttblCOV 
/.1E a1totEAEcr/.1a 'ty]v avamoA1'] 'ty]s cruvSEcrY]S 'tou 
DNA Kat RNA, EAa't'tCO/.1EVy] /.1E'ta<popa /.1avo1;Y]s 
Kat <pouKo1;Y]s cr'tts yAUK01tpCO't£lVES 'ty]s Kunapt
Kl1s /.1E/.1~pavY]s Kat EAanCO/.1Evy] 1tapaycoYl1 'tE-

De novo oli6C; 

RNA ¢waooPIK1'p'136~fl+ATP RNA 

t PRPP auv8wlafl t 
I:uv8wfl .. TP youavoa[vfl Ao£voaivfl TP 
rAUKOlTpwH:"Ivwv PRPP 

1HGPRTaafl 
G~------'~G 

PRPP 

PI130VOUKAE:OTlOIK~ 

Avaywyaa'1 

P .......f-----
IMP ......f--------.- AlP 

IMPDH ADA 
~ RR 

~ DDP 
MUKOcpEvoAIKO O~u 

~DTp ......f---~-- DDP 

1
DTP 

l
DNA DNA 

2:xitJ.la 3. Oiiol J.l£ta~OA1O"J.l0l> tCl)V nOllplvrov nOll iiEiXVOllV tT\v K£VtPl Kit BEaT\ toll IMPDH. 
TP: 1pt<pCOCHpOpl1Cr'], PRPP: rrupO<p(j)0<pOptKT] <p(j)0<pOpt~o0iAT], IMP: ~ovo<pCOO<pOptKT] tvoo(vT], IMPDH : iiEUiipoyEvU

0T] 1T]<; IMP, ADA: aiiEVtVtKT] arra/ltvuoT], RR: pt~OVOUKAE00tiitKT] avaycoyuoT], G: youav(vT], GMP: /lovo<p(j)o<popt

KT] youavoo(vT], HGPRTase: urro~aVetVtKT]- youavOmVtKT] ycooyopt~omAtKT] 1pav0<pEpUOT], DDP: iit<p(j)O<pOptKT] 

iiEO~UYOO:voo( vT], DT P: 1pt<p(j)0<poptKT] OEO~UYOUO:voo( vT], 

Mt'tOyova EpESlcr/.1a'ta 1tpOKaAOuv 'taxda Kat 
£1tl/.10Vy] auSY]crY] 'tCOV crUyKEV'tpcOcrECOV PRPP 
cr'ta T Kat B AE/.1<pOKunapa31 

• AKOAOUSd cruv
SEcrY] /.10VO<pcocr<pOpt K1']s tVOcrlVy]S (IMP), £1tl 'ty]s 
01tOlas bpa Y] bEubpoyEvacry] 'tlls /.10vo<pcocr<popt

'tpaUbpO~to1ttEplVy]S3'39. To MPA dvat 1tEptcrcro
'tEpO bpacrn KO EvaV'tt 'ty]s IMPDH 'tU1tOU II, 'ty]s 0
nOlas Y] EK<ppacrll aUSaVEt Ka'ta 'tY]V EVEpy01tOly]
crll 'tCOV AE/.1<pOKU'ttapcov. H /.1Y] avtaycoVtcrnK1'] a
vacr'tOA1'] ylVE'tat /.1E 'tY] crUVbEcrY] 'tOU MPA cr'tY] Vt
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Kon vCqllbl Kl1 8E011 Tll~ IMPOH 1tOU ~ql£iTen 1:0 
NAO. 

H CXVCXO"ToAll 0uv8£011~ DNA Ken RNA EX£l w~ 

CX1tOTEAt0llCX Tllv CXVCXO"ToAll 1tOAACX1tACX0lCX0~OU 

TWV T Ken B Atll<POKUTnXpWV, b£bOllEVOU on W 
Icql<pOKuncxpcx <pcxiv£1:en vcx £ScxpTWVTen CX1tOKAtl
0"T1Ka CX1tO Tll de novo 0uv8£011TWV 1tOUPlVWV, £
vw CXUTO 1tO/cU Aiyo cx<popa TCX ancx enll01tOlllnKa 
Ken £1tl811AWK&' Kuncxpcx Myw U1tCXPSll~ £vcxncx
K1:lKl1~ oboU 1tCXpcxywy~~ TWV cx1tcxpcxiTllTWV 1tOU
pi VWV (U1tOSCXV81 VI Kl1-yOUCXV00l VI Kl1 <pW0<pOpU
~00lAlKl1 Tpcxv0<p£pa011-HGPRT= 086~ bla0w
011~). AVCXO"TEn£l Tll yEV£011 KuncxpoTOSI KWV T 
Aql<poKunapwv £vcxvTiov CXAAOY£VWV Kunapwv 
KCY.! Tllv £SaAtl\Vll cxnoy£vwv Kunapwv OYKOU. H 
KCX8~AW011 PCXbI00£011llCX0~EVll~ 8UlllbiVll~ 01:0 
ONA Atll<poKunapwv TWV At~<pcx8£vwv Ken TOU 
01tA~VCX CXVCX0TEAAtTen CX1tO TO MMF. In vitro ~£A£
T£~ EXOUV cx1tob£iS£1 on 1:0 MMF CXVCX0TEA£l 1:0 
0Xll~cxn~0 cxvn0w~aTwv CX1tO B A£~<pOKuncxpcx 

Ken CX1tO Kuncxpcx 01tAllVO~'o In vivo ll£A£T£~ 0£ 
1tOVT1KOU~ Eb£ISCXV on TO MMF KCY.1:CX0T£AAtI TllV 
1tCXpcxYUlYl1 cxvn0w~aTwv 1tOU 1tpOKCXAtiTen CX1tO E
V£0Il £pu8pwv 1tPO~&.TOU. AVCXO"TEAAtI Tllv 1tCXpCX
ywy~ <pU0lKWV CXvTl0w~aTwv, 1tOU tiven 011~CXV1:l
K&. 0TIlv EVCXPSIl U1t£poS£icx~ CX1tOPPI \Vll~ ~£1:a CX1tO 
S£VOll£1:CX~00X£U01l. To MPA KCXTCXO"TEAA£1 TO 
0XIl~cxn0~0 CXvTl0w~aTwv £vcxvTiov CXAAOCXVTl
yovwv Ken CXVTlAtll<pOKuncxplKWV opWV, CXAA&' E
X£l ~ IKPOT£PIl bpa011 0£ CXVCX~V1101:l KE~ CX1tCXVT~

0£1~ Evcxvn 1tcx80yovwv ~l KPOOPYCXVl0~wv. 

H yAUKOS1Aiw01l HOV 1tPWT£IVWV Ken TWV Al1tlbi
WV yiv£Ten bW TWV £VbW~E0WV ~op<pwv TWV VOU
KAtOTlbiwv. H KEVW011TOU GTP EX£l w~ CX1tOTEA£
0llcx Tllv £A&'nW011 TWV 0UyK£vTpW0£WV CXUTWV 
TWV £vbla~£0Wv ~op<pwv(~OVO<pW0<pOP1Kl1 OUpl
biVll) Ken Til ~Il CX1tOT£A£0~cxnK~ <pouKosuAiW011 
Ken ~CXVOS1Aiw011TWV KuncxplKWV y/cUK01tpWT£I
vwv 4I 

• To 1tPWlllO 0Tablo 1tP00EAKU011~ Ken KCX
811AW0% TWV AtUKWV 0Tll 8E011 T% <pAtY~ov~~ 

1t£plACX~~av£1 Tll bpa011TWv 0£AtKT1VWV, 1tOU ti
VCY.! ~OPlCX1tp00KOn1l011~. ITllv 1tPOK£lllEVIl1t£pi
1tTW01l Ol 0£AtK1:iv£~( KUpW. 11 E Ken L Ken TO 
VLA), 1tOU 0UvbEovTen ~£ Tllv £1tl<pav£w TOU KUT
Tapou ~E0W OA1Y00CXKXCXPlTWV, 1tOU 1t£PlEXOUV 
<poUKOsll, b£ AtlTouPYouv. E1ti011~ 1tCXpCX~Aa1tT£

WI 11 yAUKOS1Aiw011 Tll~ yAuK01tPW1:£i:vll~ C02, 
1tOU U1tapX£1 0TIlv £1tl<pav£lcx TWV T At~<poKuna
pWV Ken TWV <pU0lKWV Kuncxponovwv Kuna
pwv. To ~OPIO C02, w~ YVW0TO, ~£0oAcx~ti 0Tllv 
1tP00KOnl1011 Ken ~£TabO()ll TOU £p£8i0~CY.1:0~ 

bW CXVTlbp&'0£WV ~£ TOV cxvTi0TOlXO U1tObOXECX 

C058. 0 £swKunaplo~ £1tiT01tO~ TOU C02 CX1tOT£
A£lTen CX1tO buo £1tlT01tOU~ CXv0000<penplvwv. Ol £
1tiT01tOl cxuTOi <pEPOUV EVCXV ubCY.1:&'v8pCXKCX, 1tOU ti
ven 1tAOU010~ 0£ llCXVOsll. 0 ubcxTav8pcxKcx~ CXUTO~ 

1tCXPOAO 1tOU b£ 0U~~£TEX£l £U8EW~ 0Tll 0uvb£011 
C02 Ken C058, £v TOUT01~ O"TCX8£P01tOl£i Tllv EVW
011 CXUTl1 Ken £1tlTPE1t£l Tll ~nab0011 TOU £p£8i
0~CXTO~. To MPA 0£ 0UYK£VTPW0£l~ 1tOU £1tlTUY
XavoVTen 0£ KA1V1KO £1tl1t£bO, CXVCX0TEAAtlTll yAU
KOsuAlw011 TWV ~£~~PCXV1KWV 1tPWT£'ivwv mcx 
A£~<poKuncxpcx, TCX ~OVOKuncxpcx Ken W £vb0811
AWKa Kuncxpcx, Kcx8w~ Ken Tll 0UVb£011 TWV bUO 
1tpWTWV ~£ TCX T£AtUTCXlCX. 1tOU~bll EXOUV £v£pyo
1t0III8£1 CX1tO KuncxpoKiv£~. A1tOTEAt0~CX CXUTl1~ 

Tll~ bpa011~ £lven cxbuvcx~icx a8pol011~ A£ll<POKUT
Tapwv 0Tll 8E011Tll~ <pAty~ovl1~. H lKCXVOTllW1:OU 
MMF vcx CXVCX0TpE<p£1 0S£lcx CX1t0Ppl\Vll, 1tOU ~Pl
0K£Ten 0£ £SEAlSll, 1tl8cxvo VCX 0X£1:is£1:CXl Ken ~£ 

TllV IKcxvoTllTa TOU vcx CXVCX0TEAA£1 Tllv a8p0l011 
TWV ~OV01tUP~VWV Kunapwv 0Tl~ 8E0£1~ CX1t0PP1
\Vll~ Ken Tll V£1tcxKOAou811 £1tl8£011Twv Kunapwv 
CXUTWV 0TCX Kuncxpcx 0TOXO~. H £AanW()IlTIl~ 1tCX
pcxywy~~ Tll~ T£1:PCX\)bpO~I01tT£pi V% £1tllP£as£l 
Tll 0uv8£011TOU NO. 

TIcxpa Tllv £~<pcxvl1 £KAtK1:1KOTllTa TOU £1tavw 
0W At~<pOKuncxpcxTO MPA CXVCX0TEAA£1 TOV 1tOA
ACX1tACX0W0~0 TWV Ic£iwv ~ Ul KWV IVWV TWV cxyyti
WV 0£ KUT1:CY.P1KE~ KCXnlEpY£I£~. nCXpO~OICX bpa
011TOU <pcxp~aKOU 1tCXPCXTllP~811K£ Ken 0£ cxopn
Ka ~00X£U~CY.1:CX 1tOVT1KWV, 01tOU bW1tl0Tw811K£ 
011~CXV1:l Kl1 £Aanco011 TOU 1tOAACX1tACX0lCX0~OU 

TWV Atiwv ~U1KWV lVWV TOU T01XW~CXTO~ TWV cxy
ytiWV. H lblOTllTCX CXUT1'1 8cx ~1tOPOU0E VCX CX1tOb£l
X8ti £VbW<pEPOU0CX O"Tll V 1tCXP£~1tObl011 Tll~ XPO
VW~ CX1tOPP1\Vll~ TWV VE<pplKWV ~00XEu~aTwv. 

To MPA b£v £1tllp£asEI Tll A£lTOUPYlcx TWV 1t0

AWOP<P01tUPl1vwv. E1ti01l~ bEV CXVCXO"T£AAtI Tllv 
1tCXpcxYUlYl1 IL-l, IL-2 Ken TllV EK<PPCX011TOU u1tObo
X£CX Tll~ IL-2 cxAlca CXVCX0TEAAtI Tll bpa011 TOU~ 

O"Tll 0uv8E011TOU ONA Ken TOV 1tOAACX1t)cCX0lCX0~0 

TWV At~<pOKunapwv. t.£v £1tllPEaS£lTllv 1tCXpcxyw
Yl1 Tll~ IvT£P<P£Povll~ - y. 

To MMF tiven £vcx~ 1tl0 EKAtnlKO~ CXVT1~£TCX

~oAiTll~ CX1tO Tllv cxscx8£t01tpivll b£bO~EVOU OTI cx
VCX0TDcAtI Tll 0uv8£011TWV 1tOUplvwv bPWVTCX~ 0£ 
~w ~ovo £VSU~CY.1:1Kl1 8£011, CXUTl1V Tll~ lV00lV1Kl1~ 

~OV<pW0<pOP1K1'1~ b£\)bpOYEVa011~. 0 TP01tO~ bp&.
()ll~ TOU <pcxwaKOu bW<pEpEI P1SI K&. CX1tO CXUTOV 
Tll~ KUKA001tOPlVll~, TOU FKS06 Ken TOU sirolimus 
b£bO~EVOU on b£v £1tllP£as£1 TllV 1tCXpcxyUlY1'1 TWV 
KuncxpoKlvWV l1TCX yCYOVOHJ. 1tOU CXKOAou80uv 
a~£0cx Tllv cxvCXYVWPl011TOU cxvnyovou. 
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Esav8pwno1t0lTlIl-Evo. MOVOKAWVI KO, Avn (JW~I aLa 
(Simulect, Zenapax) 

To. /..IOVOKAWVl Ka avnCHD/..Ia·w, rrou rrpoEPXo
VT<XI arro HX TpwKn Ka. EXOUV £vooy£v~ /..I£IOV£
K1~/..Ia1<X /..IE ~am KOTEpa a)TTlv Tam) va rrpoKcx
AOUV rrapaywy~ aVTI<JW/..IaTWv KaTa TOU rrOV'TI
KOU, ~) H] /..IE1<X~aM/..IEvTj arroTEAE<J/..Ian KOTTjW 
Kal 'I) TTj ~paXE[a lWlITEp[OOO sw~e;. To. rrpO~AJl
,uaTa aUTa Sa /..Irropou<Jav va AUSOUV /..IE TTjV rra
paywYJl avSpwmvwv avn<JWlJaTWV, 'I) orro[o. O£V 
rrpowS1WTj KE, olon rrapou<J[as£ /..IqaAa TEXVI Ka 
K<XI TjSI Ka rrpO~A~/..Ia1<X. T 0 rrpO~ATj/..lO. AUS'I) KE /..IE 
TTjV avarrTUSTj T'I)e; tEXVoAoy[ae; TOU ava<Juvoua
<J/..IEVOU DNA, Tj orro[a KaTE<JTTjG£ OUVaT~ TTjV rra
paywy~ rrpwTE'i.V(IW K<XI <JuvErrWe; K<XI o.V'T1<Jw/..Ia
TWV. Ot /..IeA,ETEe; arrEoElsav on 01 <JTj/..lavn KEe; Yla 
TTjV avo.yvwPl<JTj TOU avnyovou, a/cATj/cOUX[Ee; a
PIVOSEWV <Jne; /..I£1a~ATjTEe; rrEpIOXEe; EVOe; avn<Jw
/..IaTOe;, rr£plOp[sOVT<XI <Jne; 3 UrrEp/..lE1<X~ATjTEe; 0.
yKuAEe; ~ rrEplOxEe; KaSoplml KEe; TTje; <JuprrA1lPW
/..Ian KOTTj1O.e;, 01 orro[Ee; rrEpl~aAOVT<XI arro AlYOtE
po PE1<X~ATjTEe; rrEpIOXEe; rrAa1<J[ou. 'ETm avarrTu
XSTj Kav 1<X Xlp<XIpl KO. K<XI 10. urr£pXlp<XIPI Ka ~ £
so.v8pwrrOrrOITj/..lEvO. 1..1 ovoK/cuWl Ka avn(J(\)lJaTa 
(EI K. 2, 3 ). Lta Xlp<XIpt Ka POVOK/cWVl Ka avn<Jw-

El K.2 2'::Xll,u<J.n K~ TCCl.P&.(H<J:<Jll Xl,UCI.\ pI KOU 1l0VO

KA.(I)Vl ](0"6 <J:VT\()(,),U<J.'W.; 

/..laTa, <J1<X8EpEe; rrEpIOXEe; avSpwmvTje; avo<Jo
mp<XIp[vTje; <JUVO£OV1<Xl /..IE /..IEW~ATjtEe; rrEplOxEe; 
rrovnKou'2. H ElolK6'TTjta <JUVO£<JTje; TOU apXIKOU 
aV1lm\)lJaTOe; TOU rrovn KOU OIO.TTjpEiT<XI, EVW Tj 
rrapou<J[a TWV av8pwm vwv Fe rrEplOXwv ESampa
A1SEI tle; KaTaUTjAEe; avnopa<JEle; 1..1£ ne; avSpw
mVEe; KunaplKEe; opamlKEe; AEI10UpyIEe;. To XI
P<XIpIKO aVTI<JWlJa we; POP10 E[V<XI IdYOTEPO avo
<Joyovo arro EVO. aVT[<Jwpa rrovn KOU, olon EXEl 
AlyoTEpa sEva alJl vosEa. H o.vo<Joyovoe; opa<JTj 
rrap' oAa aUTa. OEV ESWpaV1S£1<X1 rrAllPWe;, Olon £

saKOAouSEI va OlaTTlpEi mwaVtlKa. rrOGa. a/..llVO
SEWV rrovn KOU. Lta ESavSpwrrOrrOITjpEVa avtlGW
po.1<X(H AT) povo 01 rrEpIOXEe; rrou KaSoplSouv TTj 
<Ju!J.rrATjpwpan KOT'I) TO. avn<JWlJaTWV rrOvn KWV 
<JUVO£OVT<Xl ~IE avSpwmVEe; <JElpEe; alllVOSEWV T'I)e; 
rrEpIOX~e; rrAalmo, TO<JO 1l1e; lJ£1<X~ATjTJle; O<JO K<XI 

El ](.3 LXllll<J:n K~ TC<J.P&.<J'!<J.<Jll EC,UVep(l)TCO

TC01TJ/lfVO\J ,UOVOKA.(I)V\ KOU O-"'!l<J(,),U<J:TO'; 

TTje; maSEp1le; rrEpIOXJle; avSpwrr[vou avn<Jwpa
TOe;"'''. H EAO.nwml TOU aplSlJOu tWV o.llIVOSEWV 
<JUvouaS£WI /..IE E/canW<JTj TTje; avo<Joyovou opa
<JTje;. To POPIO TOU ESo.v8pwrrorrollwEvoU avn<Jw, 
llaTOe; Ei V<xl 90% o.vSpwm vTje; rrpoEAEU<J'I)e;"'. Mia 
arr6 ne; mo <J'I)pavn KEe; KunO.pOK[ VEe; EiV<xl 'I) IL-2, 
Tj orrola rrapa.Y£1<X1 o.rrO TO. T ~OTjSTjnKa. AElJ<jlO
KUnapo.. Eiv<XI aUSTjnKOe; rrapa.yovwe; TWV T AElJ
<jlOKUnapwv, EV(O rrapaU11Aa Opo. K<Xl <JTa B A£ll
<jlOKUno.po.. Ta <jlUmKa Kuno.poK1ova(NK), Ta 
SUlJOKunapo. K<Xl Ta OAI yOOEVOpl1l Ka Kuno.po.. 
LUVOE£1<X1 E101Ka. llE TOV urroooXEa TTje; lL-2 (IL-2) 
ma T K<Xl B AE/..I<jlOKuno.pa K<XI rrpoKaAE[ OIEY£P
<JTj TOU AE/..I<jlOKUnapou. H OIEyEpGTj TOU A£!..l<jlO
Kunapou o.rro Eva SEVO avnyovo rrpoKaAEI aUSTj
/..IEVTj rro.po.ywYJlIL-2 K<XI O.USTj/..lEVTj EK<jlpa<J'I) TOU 
urroooXEa tTje; mTjv £m<jlav£lo. TOU Kuna.pou. 0 u
rroooXEae; o.moe; EXEI TpEle; urropoVa.OEe;, arro ne; 0
rro[Ee; Tj IL-R~ K<XI Tj Il-2Ry EK<jlpaSOVT<Xl maSEpa 
<JTTjV Em<jlavEla TOU Kunapou. H urro~lOva.oO. fl
Ra(Tac) EK<jlpaS£1<X1 <JtTjV Em <jla.VEIa TOU T AE/..I<jlO
Kuna.pou /..IOVO 01O.V to TEAEma[o £vEpyorrOITj8Ei. 
H <JUVO£<Jll TTje; Il-2 lJ£ TOV urrOOOXEa Em TUyxa.VE
T<Xl lJOVO 01O.V Tj urropovo.oa ll-Ra tXEl <JUVOE8£1 
pE TIe; &.AAEe; KO.l EXEl 01l/..llOUPYTj8Ei 0 <JuprrAOKOe; 
urrOOOXEae;, 0 orro[oe; EK<jlpa.SEI pq&.ATj <JUYYEVEla 
rrpoe; T'I)V Il-2"6 OTav Tj Tl-2 <JuvOE8Ei lJE TOV urro
OOXEO. Il-2Ro.~y, EVEpyorrol£lwl 0 llTjxavl<JlJOe; 
rroAAarr/co.ma<J/..IOU TOU T AElJ<jlOKun&'pou, EVW 
rrap&'UTjAa rrapa.Y£1<X1 pqa.ATj rro<JOtTjW IL-2. 

H rrapaywYJl /..IOVOKAWVl KWV avn<JWlJa.TWV Ka
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'La TOU IL-2Ra ~a<Ji<HTlKE <HTl <JKE\IfTl O'Ll 'La aV'Ll
<Jo)!lCf.'La ama 8a !l1topou<Jav va aVa<HElAOUV TTl 
OlE"{EP<JTl 'LON T AE!l<pOKm'LapWV KCf.l <JUVE1to)<; va 
E!l1tooi<JOUV 'LTlv a1tOppl\lfTl 'LOU !lo<JXEU!la'LO<;. 
ApX1Ka ava1tTux8TlKaV anti-Tae !l0VOKAwvlKa a
vU<Jo)lla'La 'La o1toia 1tapE'L£lvav 'LTlv E1tl~iw<JTl VE
<PP1Ko)V !lo<JXEU!la'LWV <JE 1tl8r,KOU<;47. I.uV'LOlla ola
1tl<J'Lo)8TlKE OU 'La avu<Jo)!la'La ama 1tpOKa
Aou<Jav <JTl!lavuKE<; aVE1tl8u!lTl'LE<; opa<J£l<; KCf.l 
aKoAOu8Tl<JE Tl 1tapa"{w"{r, 'LWV Xl!lCf.lP1Ko)V KCf.l E
~av8pW1t01tOl TlIlEVWV avu<Jw!la'Lwv 'La o1toia a1tO
OElXTTlKE O'Ll EXOUV ).lE"{aATl <JU'Y'YEV£la !lE 'LO avu
"{OVO KCf.l ava<J'LEAAOUV a1tO'LEAE<J!lCf.'LlKa 'LTlV EVEp
"{o1toiTl<JTl 'LOU T AE!l<poKU'L'LapOu KCf.l TOV 1tOAAa
1tAa<Jw<J!lO 'LOU". 

ABSTRACT 
Vergoulas G. Molecular action of new immu
nosuppressive agents. Hippokratia 1998, 2(4): 
147 - 156 

In kidney transplantation the ultimate target is " 
intelligent immunosuppression" where we look 
at each patient and ask whether he is going to 
be high or low responder to the transplant, 
whether he needs mono-, double, triple or 
quadruple induction therapy. Our aim is to avoid 
rejection but at the same time to avoid life 
threatening infection and malignancy by over 
immunosuppression, to establish the correct 
drug dosage, to reduce or stop steroids when
ever possible and to minimize side - effects. To 
do that we need to know about the immuno
genetic make-up of the recipient and the mode 
of action of the drugs concerned. 

The last fourty years there was plenty of time 
for somebody to get used with an immunosup
pressive agent until the appearance of a new 
one. Now this is not valid. The last few years 
many new immunosuppressive agents have 
appeared and are in the final clinical testing or 
have been approved for clinical use. The devel
opment of these new drugs represents a trend 
for more specific immunosuppression. None of 
the new drugs has as target the fall of the num
ber of white blood cells and their action targets 
the function mainly of T lymphocytes which 
have been proved to playa central role in the 
specific immune response of the acute allograft 
rejection. The new immunosuppressive agents 
are drugs that either bind with cytoplasmic 
immunophilines (eg tacrolimus and sirolimus), 
block purine biosynthesis (mycophenolate 

mofetil) or finally are antibodies (chimeric and 
hummanized ) that bind with the IL-2 receptor. 

BIBAIOrPA<I>IA 
1.	 Colvin R. Cellular and molecular mechanisms of allograft 

rejection. Annu Rev Med 1990,41:361-375 

2.	 Klee CB, Ren H, Wang X. Regulation of the calodulin stimu

lated Protein Phosphatase, Calcinurin. J Biolog Chern 

1988,273(22):13367-13370 

3.	 Loh C, Shaw KT. Carew J. et al. Calcineurin binds the tran

scription factor NFAT and reversibly regulates its activity. 

J Bioi Chern 1996.271: 10884-10891. 

4.	 Schreiber SL and Crabtree GR. The mechanisms of action of 

cyclosporine A and FK506. Immunol Today 1992, 13: 136

142. 

5.	 Crabtree GR and Clipstone NA. Signal transmission between 

the plasma membrane and nucleus of T lymphocytes. 

Annu Rev Biochem 1994,63:1045-1083 

6.	 Rao A, Luo C. Hogan PG. Trnascription factors of the NFAT 

family: regulation and function. Annu Rev Immunol1997. 

15:707-7477 

7. Sepehrnia B, Paz IB, Dasgupta G, Momand J. Heat shock pro

tein 84 forms a complex with a mutant p53 protein pre

dominantly within a cytoplasmic compartment of the cell. 

J BioI Chern 1996.271:15084-15090 

8.	 Morris RE. New small molecule immunosuppressants for 

transplantation: review of essential conceprts. J Heart 

Lung Transplant 1993,12:S275-286 

9.	 Halloran PF. Aspects of allograft rejection. IV: evaluation of 

new pharmacologic agents for prevention of allograft 

rejection. Transplant Rev 1995, 9: 138-145 

10.	 Cardenas ME, Muir RS. Breuder T, Heitman J. Targets of 

immunophilin-immunosuppressant complexes are dis

tinct highly conserved regions of calcinurin A. EMBO J 

1995, 14:2772-2783 

I!.	 Hollaender GA, Bierer BE, Burakoff AJ. Molecular mecha

nisms of immunosuppressive drugs : Cyclosporine A, 

FK506 and rapamycin. In Tinley NL, Strom TB. Paul L, 

ed. Transplantation Biology, Lippincott-Raven, Philadel

phia, 1996.657-671 

12. McCarthy SA,	 Cacchione RN. Mainwaring MS, Cairns JS. 

The effects of immunosuppressive drugs on the regulation 

of activation - induced apoptotic cell death in thymocytes. 

Transplantation 1992, 54:543-547 

13. Schwaninger M, Blume R, Kruger M. Lux G, Oetjien E, Kne

pel W. Involvement of the Ca++ -dependent phosphatase 

calcineurin in gene transcription that is stimulated by 

cAMP though cAMP response elements. J Bioi Chern 

1995, 270:8860-8866 

14. Pratt WB. The hsp90-based chaperone system: Involvement 

in signal transduction from a variety of hormone and 

growth factor receptors. PSEBM 1996,217: 420-434 

15.	 Pratt BW and Toft DO. Steroid receptor interactions with 

heat shock protein and immunophilin chaperones. 

Endocrine Rev 1997,18:306-360. 

16.	 Wang T. Li B, Danielson PO, et al. The immunophilin 

FKPB-12 functions as a common inhibitor of the TGF-B 

family type 1 receptors. Cell 1996,86:435-444 

17. Sanchez ER and Ning YM. Immunophilins. heat shock pro



156 r. BEPrOYAAI 

teins, and glucocorticoid receptor actions in vivo. Methods 

1996. 9: 188-200 

18.	 Cameron AM, Steiner lP. Roskams Al, Ali SM, Ronnett GV. 

Snyder SH. Calcineurin associated with the inositol 1,4,5

triphosphate receptor FKBP12 complex modulates Ca•• 

flux. Cell 1995,83: 463-472 

19.	 Adams DH and Liu Q. FK506 inhibits human lymphocytes 

migration and the production of lymphocyte chemotactic 

factors in liver allograft recipients. Hepatology 1996, 23: 

1476-1483 

20. Kelly PA, Burckart Gl, Venkataramanan	 R. Tacrolimus : a 

new immunosuppressive agent. Am 1 Health-Syst Pharm 

1995,52: 1521-5 

21. Moris RE. Mechanisms of action of new immunosuppressive 

drugs. Kidney Int 1996,49 (Supll 53): S26-S28 

22.	 Cameron AM, Steiner lP, Roskams Al, Ali SM, Ronnett GV, 

Snyder SH. Calcinurin associated with the inisitol 1.4,5 

triphosphate receptor - KBPI2 complex modulates Ca•• 

flux. Cell 1995,83: 463-472 

23. Aperia	 A, Ibarra F, Svensson LB, Klee C, Greengard P. Cal

cineurin mediates alpha adrenergic stimulation of Na., K(+) 

- AT Rase activity in renal tubule cells. Proc Natl Acad Sci 

USA 1992, 89: 7394-7397 

24. Sehgal SN and Bansbach Cc. An in vitro immunological pro

fil of rapamycin. Annal NY Acadm Sci 1993,685: 58-67 

25.	 Sehgal SN. Rapamune: mechanism of action. immunosup

pressive efect results from blockade of signal transduction 

and inhibition of cell cycle progression. Clin Biochem 

1998,31 :335-340. 

26.	 Bertagnolli MM, Yang L, Herrmann SH, Kirkman RL. Evi

dence that rapamycin inhibits interleukin -12 induced pro

liferation of activated T lymphocytes. Transplantation 

1994,58:1091-6 

27.	 Terada N, Lucas 11, Szepesi A, Franklin RA, Domenico 1, 

Gelfand EW. Rapamycin blocks cell cycle progression of 

activated T cells prior to events characteristic of the m id

dIe to late G I phase of the cycle. 1 Cell Physiol 1993,154:7

15 

28.	 Dumont Fl, Staruch Ml, Koprak SL, Melino MR, Sigal NH. 

Distinct mechanisms of suppression of murine T-cell acti

vation by the related macrolides FK506 and rapamycin. 1 

Imunology 1990, 144:251-8 

29. Morris RE. Rapamycins: Antifungal, antitumor, antiprolifera

live and immunosuppressive macrolides. Transplant Rev 

1992,6:39-87 

30. lefferies HBl and Thomas G. Ribosomal protein S6 phospho

rylation and signal transduction. In Translational Control. 

Chapter \4. Edited by Hershey lWB, Mathews MB, Sonen

berg N, New York, Cold Spring Harbor Laboratory Press, 

1996:389-409 

31. Lawrence Dl and Abraham RT. PHAS/4E-BPs as regulators of 

mRNA translation and cell proliferation. Trends Biochem 

Sci 1997,22:345-349 

32.	 Abraham RT. Mammalian target of rapamycin: immunosup

pressive drugs uncover a novel pathway of cytokine 

receptor signaling. Curr Opin Immunol 1998,10:330-333 

33. Abraham RT. Immunopharmacology of rapamycin. Annu 

Rev Immunol 1996,14:483-510 
34. Adachi M, Sekya M, Torigue T, et al. Interleukin - upregulates 

BAG-1 gene expression through serine - rich region within 
IL-2 receptor beta c chain. Blood 1996,88: 4118-4123 

35. Miyazaki T, Liu Z, Kawahara M, et al. Three distinct IL-2 sig
naling pathways mediated by bcl-2, c-myc and lck cooper
ate in haematopoietic cell proliferation. Cell 1995,81 :223
231 

36. Allison AC and Eugui EM. Mycophenolate mofetil, a rationaly 
designed immunosuppressive drug. Clin Transpl 1993, 
7:96 

37.	 Shaw LM, Sollinger HW, Halloran P, et al. Mycophenolated 
Mofetil : a report of the consensus panel. Therapeutic Drug 
Monitoring 1995, 17:690-699 

38. Hovi T, Allison AC, Allsop 1. Rapid increase of phosphoribo
syl pyrophposphate concentration after mitogenic stimula
tion of lymphocytes. FEBS Lett 1975,55:291-293 

39. Natsumeda Y, Ohno S, Kawasaki H, et al. Two distinct cDNAs 
for human IMP dehydrogenase. 1 Bioi Chem 
1990.265 :5292 

40. Nagai M. Natsumeda Y, Webster G. Proliferation linked regu
lation of type II IMP dehydrogenase gene in human normal 
lymphocytes and HL-60 leukemic cells. Cancer 
1992,52:258 

41. Eugui EM, Almquist Sl, Muller CD, Allison AC. Lymphocyte 
-selective Cytostatic and Immunosuppressive effects of 
Mycophenolic acid in vitro: Role of Deoxyguanosine 
Nucleotide Depletion. Scand 1 Immunol1991, 33:161-173 

42. Waltzer WC, Miller F, Amold A, et al. Value of percutaneus 
core needle biopsi in the differential diagnosis of renal 
transplant dysfunction. 1 Urol 1987, 137:1117-1121 

43. Morrison SL, 10hnson Ml, Herzenberg LA, et al. Chimeric 
human antibody molecules : mouse antigen - binding 
domains with human constant. Proc Natl Acad Sci USA 
1984,81 :6851-6855 

44. Riechmann L. Clark M, Waldmann H, et al. Reshaping human 
antibodies for therapy. Nature 1988,332:323-327 

45. Qeen	 C, Schneider WP, Selick HE, et al. A humanized anti
body that binds to the interleukin 2 receptor. Proc Natl 
Acad Sci USA 1989.86:10029-1035 

46. lunghans RP, Waldmann T A. Landolfi NF, et al. Anti-Tac-H, 
a humanized antibody to interleukin 2 receptor with new 
features for immunotherapy in malignant and immune dis
orders. Cancer Res 1990,50: 1495-1502 

47. Waldmann T A, White lD, Goldman CK, et al. The interleukin 
- 2 receptor: a target for monoclonal antibody treatment of 
human T-cell Iymhotropic virus I-induced adult T-cell 
leukemia. Blood 1993,82:1701- 1712 

48. Reed	 MH. Shapiro ME, Strom TB, et a!. Prolongation of pri
mate renal allograft survival by anti-Tac, an antihuman IL
2 receptor monoclonal antibody. Transplantation 
1989,47:55. 

AAA7JAoypmp(a 
r.B£PyouAa~,AAK~~V~~53
 

54249, e£(J(JaAoviK~
 

Corresponding author 
Vergoulas G, 53 Alkminis str
 
54249, Thessaloniki, Greece
 




