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gamoyenebuli abriviatura 

AAV  adeno-asocirebuli virusi 

(Adeno-Associated Virus) 

ADP adenozindifosfati 

(Adenosindiphosphat) 

AP-1  aqtivaciis proteini 

(Activation Protein-1) 

BSA  Zroxis Sratis albumini 

(Bovine Serum Albumine) 

ºC temperaturis sazomi, gradusi 

(Celcius) 

CHO imortalizebuli epiTeluri ujreduli Sto, 

romelic mRrRnelebis sakvercxis kulturisagan 

iwarmoeba 

(Chinese Hamster Ovary) 

CD ujredis zedapiruli antigeni 

(Cluster of Differentiation) 

cDNA dezoqsiribonukleinis mJava 

(Complementary DNA) 

CMV citomegalovirusi 

(Cytomegalo-Virus) 

CRP C reaqtiuli proteini 

(C-reactive Protein) 

DMEM CHO-ujredebis sakvebi xsnari 

(Dulbecco’s modified Eagle’s medium) 

DMSO dimeTilsulfoqsidi 

(Dimethylsulfoxid) 

ECGM HUVEC ujredebis sakvebi xsnari  

(Endothelial Cell Growth Medium) 

ECGS HUVEC-sakveb xsnarze danamati  
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(Endothelial Cell Growth Supplement) 

EDTA eTilendiamintetraZmarmJava 

(Ethylendiamintetraacetate) 

EGF endoTeluri zrdis faqtori  

(Endothelial Growth Factor) 

ELAM-1 endoTeluri leikocitebis adheziuri molekula-1  

(Adhesionsmolecul-1) 

ELISA enzim-bmuli imunosorbentuli analizi 

(Enzyme-Linked Immunosorbent Assay) 

ESL-1 E seleqtinis ligandi-1 

(E-Selektin Ligand-1)  

FACS fluorescenciis gziT aqtivirebuli ujredebis skani 

(Fluorescence Activated Cell Scan)  

Fc antisxeulis efeqturi regioni 

(Fc crystalline Fragment of antibody) 

FITC fluorescein-5-izoTiocianati 

(Fluorescein-5-isothiocyanat) 

FKS fetaluri xbos Srati 

(Fetal Calf serum)  

FSC win mimarTuli gafantuli sinaTle FACS-Si 

(Forwardscatter) 

g aCqarebis mudmiva 

(Acceleration of Gravity) 

GFP mwvane mofluorescencire proteini 

(Green-fluorescence Protein) 

HMEC adamianis mikrovaskuluri endoTeluri ujredebi 

(Human Microvascular Endothelial Cells)  

HUVEC pirveladi endoTeluri ujredebi, romlebic miiReba 

adamianis Wiplaris venisagan 

(Human Umbilical Vein Endothelial Cell) 

ICAM intercelularuli adheziuri molekula  
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(Intercellular Adhesion Molecule) 

IFN interferoni 

(Interferon) 

Ig imunoglobulini 

(Immunoglobulin) 

Ig-

Superfamilie 

imunoglobulin-superojaxi 

(Immunoglobulin-Super family) 

IL interleikini 

(Interleukin) 

LAM-1 leikocitaruli adheziuri molekula-1 

(Leukocyte Adhesion Molecul-1) 

LB luria-bertanis kulturis mediumi 

(Luria-Bertani Zell Culture Medium) 

LDL dabali simkvrivis lipoproteinebi 

(Low Density Lipoprotein) 

LFA-1 leikocitebis funqciasTan asocirebuli antigeni-1, 

integrinis ojaxis zedapiruli receptori 

(Leukocyte Function Associated Antigen-1) 

LPS lipopolisaqaridi 

(Lipopolysaccharid) 

MCDB ujreduli kulturis mediumi 

(molekuluri, ujreduli da ganviTarebadi biologia, 

kolorados universitetis ganyofileba) 

(Molecular, Cellular and Developmental Biology (Department at the 

University of Colorado))  

MCP-1 qemoatraqtiuli monocitebis proteini-1  

(Monocyte Chemoattractant protein-1) 

MCS veqtoris klonirebis mxare 

(Multiple Cloning Side) 

NCAM neitraluri ujreduli adheziuri molekula  

(Neural Cell Adhesion Molecule) 
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MOPS 3 morfolino-1 propansulfonmJava 

(Morpholino-1-Propansulfonacid) 

NF-B nuklearuli faqtori B 

(Nuclear Factor B) 

NK bunebrivi kiler-ujredi 

(Natural Killercell) 

NO azotis monoqsidi 

(Nitrate Monoxide) 

p albaToba 

(Probability) 

PBS fosfat-buferuli marili, buferuli xsnari (pH=7,4) 

(Phosphate Buffered Saline) 

PCT prokalcitonini 

(Procalcitonine) 

 PECAM 

 

Trombocitebi /endoTeluri ujreduli adheziuri 

molekula-1 

(Platelet /Endothelial Cell Adhesion Molecule-1) 

Pen / Strep penicilini/streptomicini 

(Penicillin / Streptomycin) 

PMA porbol maristatis acetati, protein C  kinaza, 

leikocitebis stimulaciis aqtivatori 

(Phorbol Myristate Acetate, Protein C Kinase)  

PMN polimorful-nuklearuli ujredebi 

(Polymorph-Nuclear Cell) 

PSGL-1 P-seleqtinis glikoprotein ligandi-1 

(P-Selektin Glycoprotein Ligand-1) 

RNA ribonukleinis mJava 

(Ribonucleic acid) 

rpm bruni wuTSi 

(Rounds Per Minute) 



10 

 

RT oTaxis temperatura  

(Room Temperature) 

SDS natriumdodecilsulfati 

(Sodium Dodecyl Sulfate) 

SSC gverdiTi gafantuli sinaTle FACS-Si 

(Sidewardscatter) 

sVCAM-1 xsnadi vaskuluri ujreduli adheziuri molekula-1 

(Soluble VCAM-1) 

TNF tumor-nekrozis faqtori 

(Tumor-Necrosis-Factor) 

Tris Tris-hidroqsimeTil-aminomeTani 

(Tris-(hydroxymethyl)-aminomethan) 

u erTeuli  

(Unit) 

V volti 

(Volt) 

VCAM-1 vaskuluri ujreduli adheziuri molakula-1  

(Vascular Cell Adhesion Molecule-1) 

VEGF vaskuluri endoTeluri zrdis faqtori 

(Vascular Endothelial Growth Factor) 

VLA-4 Zalian gviani antigeni-4, integrinebis ojaxis 

zedapiruli antigeni, ligandi 

(Very Late Antigen-4) 

WT veluri tipi 

(Wild Type) 

vWF fon vilebrandis faqtori 

(von Willebrand-Factor) 

w / v wonis damokidebuleba moculobasTan (wona/moculoba) 

(Weight / Volume) 
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Sesavali 

aTerosklerozi kompleqsuri, qronikuli anTebiTi daavadebaa, romelic 

aRmocendeba endoTeliumis dazianebaze pasuxad (Ross, 1999). aTerogenezi 

dinamiuri procesia. igi iwyeba bavSvobaSi, usimptomod progresirebs 

xangrZlivi preklinikuri stadiis ganmavlobaSi da bolos klinikurad 

manifestirebs. aTerosklerozi iyo da aris ganviTarebul qveynebSi 

sikvdilianobisa da avadobis yvelaze gavrcelebuli mizezi. janmrTelobis 

dacvis msoflio organizaciis 2014 wlis msoflio janmrTelobis 

statistikis angariSis Tanaxmad letalobis 20 yvelaze gavrcelebul 

mizezs Soris pirvel adgilze dasaxelda gulis iSemiuri daavadeba, xolo 

mesame adgilze insulti. yovelwliurad kardiovaskuluri daavadebebiT 

msoflioSi iRupeba 17 milioni adamiani. daavadebebis kontrolisa da 

prevenciis centris da amerikis kardiologTa asociaciis 2014 wlis gulis 

daavadebebisa da insultis statistikis ganaxlebuli monacemebis Tanaxmad 

letalobis saerTo maCveneblis 31% modis kardiovaskuluri daavadebebiT 

gamowveul letalobaze mamakacebSi, xolo 26.8% ki qalebSi. 

aTerosklerozi warmoadgens Sromis unaris dakargvisa da invalidobis 

erT-erT yvelaze gavrcelebul mizezs. cnobil risk faqtorebTan erTad 

rogorebicaa mamrobiTi sqesi, asaki, simsuqne, hipertenzia, memkvidruli 

winaswarganwyoba, Tambaqos moxmareba, umoZraoba, lipiduri cvlis 

anomaliebi, Saqriani diabeti, fsiqosocialuri da metaboluri faqtorebi, 

gamovlinda sxva mravali faqtori, romelic endoTeluri disfunqciis 

ganviTarebis procesSi monawileobs. aTerosklerozi multifaqtoruli, 

sistemuri, qronikuli daavadebaa da xasiaTdeba intimaSi paTologiuri 

cvlilebebiT. endoTeliumis disfunqcia win uZRvis morfologiuri 

aTerosklerozuli cvlilebebis ganviTarebas da monawileobs 

aTerosklerozuli dazianebis formirebasa da gviani klinikuri 

garTulebebis ganviTarebaSi. Tanamedrove samecniero warmodgena 

aTerosklerozis Sesaxeb cxadyofs anTebis fundamentur rols am 

daavadebis ganviTarebis yvela etapze misi inicializaciidan 

progresirebamde da sabolood misi mZime garTulebebis Camoyalibebamde. 

axali samecniero midgomebi warmoaCenen mniSvnelovan kavSirs risk 
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faqtorebsa da aTerogenezis meqanizmebs Soris. fundamenturi mecniereba 

anTebis biologiis Sesaxeb aTerosklerozTan mimarTebaSi mniSvnelovan 

rols aniWebs aTerosklerozul procesSi monocit-endoTeluri 

uerTierTqmedebis meqanizmebs.  

dauzianebeli, normaluri endoTeliumi ar axdens leikocitebTan 

urTierTqmedebas. Tumca, aTerogenezis adreul stadiaSive arteriebis 

endoTeluri ujredebi axdenen TavianT zedapirze seleqtiuri adheziuri 

molekulebis eqspresias, romlebic Tavis mxriv izidaven leikocitebis 

sxvadasxva saxeobis ujredebs da axdenen maT adhezias. swored vaskuluri 

adheziuri molekula 1 (VCAM1) ukavSirdeba leikocitebs, kerZod ki 

monocitebs da T limfocitebs romlebic aRmoCenil iqnen aTeromis 

eqsperimentul modelebSi. cxadia, endoTelur ujredebze VCAM1 eqspresiis 

mateba ar warmoadgens aTeromis ganviTarebis erTaderT mizezs, Tumca 

Tagvebs, romlebic transgenetikurad Seicaven defeqtian VCAM1 ar 

uviTardebaT aTerosklerozi (Cybulsky, 2001). sainteresoa, rom adheziuri 

molekulis VCAM1 momatebuli eqspresia emTxveva arteriuli xis 

aTeromatozuli dazianebis  areebs. aseve sayuradReboa, rom endogenuri 

aTeroproteqtoruli meqanizmebi naklebad aRmocendebian arteriebis im 

areebSi, sadac endoTeluri ujredebi ganicdian paTologiur zegavlenas 

sisxlis  nakadis darRveuli turbulenturi dinebis gamo (Topper, 1996). 

cnobilia, rom am faqtors SeuZlia gamoiwvios aseve leikocitebis 

adheziuri molekulebis eqspresiis mateba (Nagel, 1994). rodesac ar arsebobs 

sisxlis dinebis procesSi normaluri laminaruli wanacvlebis daZabuloba 

(shear stress), daqveiTebulia endoTeliumis mier NO gamomuSavebac. am 

endogenur vazodilatators  agreTve aqvs anti-anTebiTi Tvisebebi da 

cnobilia amasTanave, rom mas SeuZlia ganapirobos VCAM1 eqspresiis 

Seferxeba (De Caterina R, 1995). Secvlili wanacvlebis daZabuloba da siCqare 

xels uwyobs arteriuli gluvi kunTovani ujredebis proliferacias, 

romlebic Tavis mxriv izidaven lipoproteinis nawilakebs, xels uwyoben 

maT oqsidaciur gardaqmnas da amiT aCqareben dazianebis kerebSi anTebiTi 

pasuxis ganviTarebas (Lee, 2001). mas Semdeg rac leikocitebi adherirdebian 

endoTeliumze, iwyeba maTi intimaSi penetracia. am procesSi monawileobs 
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aseve monocitaruli qemoatraqtantuli proteini-1, romelic pirdapir 

pasuxismgebelia monocitebis subendoTelur SreebSi transmigraciis 

procesze (Gu, 1998; Boring, 1998). adgili aqvs monocitebis subendoTelur 

akumulacias, maTSi lipoproteinebis CarTvas da maT makrofagebad 

gardaqmnas. isini CairTaven qolesterins, rac xels uwyobs qafiani 

ujredebis ganviTarebas, romlebic axdenen aTerosklerozuli procesis 

progresirebas, lipidebis kidev metad CarTvas da aTerosklerozuli 

folaqis Camoyalibebas, sabolood ki folaqis nekrozuli birTvisa da 

fibrozuli saxuravis formirebas. folaqis ruptura ki safuZvlad udevs 

aTeroTrombozul garTulebebs, Tavis tvinis, gulisa da periferiuli 

arteriebis dazianebis klinikur gamovlinebebs insultis, infarqtis, 

Trombozebis, anevrizmebis, periferiuli vaskuluri daavadebisa da sxvaTa 

saxiT.        

rogorc zemoT iyo aRniSnuli monocitebsa da endoTelur ujredebs Soris 

urTierTqmedeba gadamwyvet rols TamaSobs aTerogenezis procesSi. 

aTerogenezis formirebis procesSi leikocitebis endoTeliumze adhezia 

mravali kvlevis Sedegad dadasturebulia (Parks, 2013; Gerrity, 1981, Pober, 1990, 

Bauer, 1992). vaskuluri endoTeli am procesSi CarTulia mis zedapirze 

mravali specialuri adheziuri molekulis eqspresiis saSualebiT. 

garkveuli adheziuri molekulebi mravalsafexuriani procesis farglebSi 

aregulireben leikocitebis migracias aTerosklerozis ubnebSi. erTerTi 

aseTi adheziuri molekulaa swored vaskuluri adheziuri molekula 1 

(VCAM1).    

VCAM1 (CD106) aris imunoglobulin-superojaxis wevri. igi aris 90kD zomis 

ujredis zedapiruli glikoproteini, romelic endoTelur, epiTelur, 

dendritul ujredebze da makrofagebzea eqspresirebuli (Yutaka Nakashima, 

1998, Albelda,1990, Endres, 1997, Konstantopoulos, 1997). es transmembranulad 

lokalizebuli glikoproteini aris erTi mxriv ujredze mimagrebuli, 

xolo meore mxriv igi TviT ikavSirebs specifiur eqstracelularul 

ligandebs. VCAM1  TamaSobs centralur rols mononuklearuli ujredebis 

rogorebicaa monocitebi da T-limfocitebi endoTelur ujredebze 

adheziaSi (Sakai, 1997; Walpola, 1995; Marui, 1993). igi urTierTqmedebs  VLA-4 (Very 
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Late Antigen-4) - Tan, romelic mudmivad eqspresirdeba monocitebsa da 

limfocitebze da ganapirobebs am ujredebis fiqsacias endoTeliumis 

zedapirze. cnobilia, rom endoTeluri ujredebi aqtivirdebian citokinebis 

(TNF-α, ILl-6, INF-γ)  saSualebiT. aqtivirebul endoTelur ujredebze ki 

warmodgenilia VCAM1-is maRali eqspresia. kvlevebis safuZvelze dadginda, 

rom endoTeluri VCAM1–is maRali eqspresia aRiniSneba ApoE-/-  Tagvebsa 

da bocvrebSi adreuli aTerosklerozuli dazianebis adgilebSi (Yutaka 

Nakashima, 1998; Albelda, 1990; Endres, 1997). VCAM1 TamaSobs gansakuTrebul rols 

rogorc leikocitebis pirveladi adheziis (e.w. „brunva“ Rolling), aseve maT 

mtkice adheziasa da adheziis finalur fazaSi - monocitebis gavrcelebasa 

da fiqsaciaSi (e.w. Spreading und Tethering). am gansakuTrebulobis gamo mraval 

naSromSi VCAM-1 ganixileba rogorc aTerosklerozis potenciuri markeri 

(Craig, 1998; Ronald, 2002; Parks; 2013). saintereso iyo am receptoris eqspresiis 

Seswavla endoTelur ujredul kulturebSi, ramdenadac ujreduli 

kulturebis gamoyeneba endoTeliumis dazianebiT mimdinare daavadebebis 

kvlevaSi aprobirebuli da xelsayrelia. swored aseTi ujreduli 

kulturebi warmoadgenen endoTeliumis in vitro models. 

vaskuluri endoTeluri ujredebi mdebareoben sisxlZarRvis kedelze, misi 

sanaTuris mxares da urTierTqmedeben sisxlsa da qsovils Soris, amiT 

isini gadamwyvet rols TamaSoben mraval mniSvnelovan fiziologiur da 

paTologiur procesSi (Sakai, 1997). adamianis endoTeluri ujredebis 

gamoyenebam in vitro ujreduli kulturis sistemebSi SesaZlo gaxada anTebis, 

angiogenezis, Wrilobis Sexorcebis, aTerosklerozis da sxva 

eqsperimentuli modelis Catareba. endoTeluri ujredebis izolaciisa da 

kultivirebis meTodebi SemuSavebuli iqna endoTeluri ujredebis 

sxvadasxva formebze.  

VCAM-1 ukavSirdeba monocitebs, limfocitebs da eozinofilur 

granulocitebs.  gansakuTrebuli interesis mqonea faqti, rom VCAM-1 

SeuZlia ganapirobos rogorc monocitebis brunvismagvari adhezia 

endoTelur ujredebze, aseve maTi mtkice adhezia, maTi subendoTeluri 

migracia da akumulacia. VCAM-1 TamaSobs dominantur rols 

aTerosklerozis inicirebis procesSi. mravali kvleviT dadasturebulia, 
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rom am adheziuri molekulis eqspresia sxvebisagan gansxvavebiT 

warmodgenilia mxolod dazianebis kerebSi da adheziuri kaskadis VCAM-1 

mier regulaciis modeli unikaluria (I.M.Cybulsky,2001; Hansson, G.K. et all. 1991). 

zemoTaRniSnulidan gamomdinare VCAM-1 ufunqcio receptorad gardaqmniT 

endoTeliumSi monocitebis qronikuli CarTvis procesis daTrgunva 

araCveulebrivi SesaZlebloba iqneboda aTerogenezis inhibiciisaTvis.  

mizanmimarTul da gamarTlebul cdas warmoadgens endoTeliumze 

monocitebis adheziis inhibicia VCAM-1-is funqciuri blokadis saSualebiT 

rac SesaZloa miRweul yofiliyo konkurentuli xsnadi proteinebiT 

endoTeliumis Sesabamisi trasfeqciis SemTxvevaSi. am mizniT q.freiburgis 

sauniversiteto klinikis bazaze Seiqmna xsnadi proteini CD7/VCAM.  igi 

Sedgeba CD7 da β3 erTeulebisagan. Sidaujreduli domeni winare naSromebSi 

warmatebiT konkurirebda inaqtivirebul VCAM1 receptorTan misi 

citoConCxTan mimagrebis adgilebisaTvis statiur adheziur kvlevebSi 

(naSromi S.Marheineke, 2002). klonirebuli CD7 nawili ki moicavda 

transmembranul da eqstracelularul domenebs da asrulebda 

eqstraceluluri markeris rols. CD7 gansakuTrebuli upiratesoba aris 

mcire specifiuri ligandebis SekavSireba. VCAM1-is warmatebuli 

daTrgunviT xsnadi proteinis CD7/VCAM  gamoyenebiT SesaZloa migveRo 

ufunqcio natiuri receptori, rac Tavis mxriv aisaxeboda erTdroulad 

CD7/VCAM  da VCAM1 eqspresiis gziT konkurenciaSi Sidaujreduli 

VCAM1-is domenis cotoConCxTan SekavSirebis doneze. es ki Sedegad 

mogvcemda monocitebis endoTeliumTan urTierTqmedebis rgolis 

gamovardnas aTerosklerozis ganviTarebis procesSi. CD7/VCAM 

konstruqtis monocit-endoTeluri urTierTqmedebis mainhibirebeli efeqti 

SeiZleba samomavlo genTerapiuli mniSvnelobis aRmoCndes ara mxolod 

aTerosklerozisaTvis aramed agreTve vaskuluri qronikuli anTebiTi 

procesebis daTrgunvisaTvis. dazianebis keraSi CD7/VCAM konstruqtis 

perkutanuli koronaruli intervenciis gziT miwodeba SesaZloa lokalur 

antiaTerosklerozul mkurnalobad moiazrebodes.  

kvlevis mizans warmoadgenda migveRwia VCAM1 receptoris ufunqcio 

receptorad gardaqmnisaTvis receptorkonkurentuli xsnadi proteinis 
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CD7/VCAM-1 gamoyenebiT. marheinekes SromaSi warmatebiT iqna naCvenebi 

statiur adheziur kvlevebSi ufunqcio VCAM1 receptoris inaqtivacia (S. 

Marheineke 2002). winamdebare Sromis mizani ki aris monocitebisa da 

endoTeliumis uerTierTqmedebis CD7/VCAM  konstruqtis saSualebiT 

inhibiciis Seswavla dinamiur adheziur kvlevebSi.  

aRniSnuli urTierTqmedeba Seswavlil iqna HMEC1 endoTelur ujredebze 

(Sesabamisi transfeqciiTa da stimulaciiT) gamdinare kameris sistemaSi 

monocitebis nakadis winaswargansazRvruli dinebis siCqaris pirobebSi. 

mocemuli Sromis farglebSi Catarda aseve in vivo kvlevebi ApoE-/- 

deficitur Tagvebze, romelTac spontanurad da gansakuTrebiT 

qolesteriniT mdidari dietis fonze uviTardebaT aTerosklerozi. ApoE-/- 

deficituri Tagvebis saSualebiT SesaZloa aTerogenezis Seswavla 

daavadebis sxvadasxva stadiaze. CD7/VCAM1 xsnadi proteinis 

aTerosklerozis cocxal modelSi Sesaswavlad ramodenime meTodi 

gamoicada.  

ujredebis adheziis blokadis sawyisi nabijebi iyo xsnadi proteinis 

Seqmna, am proteiniT transgenuri ujredebis transfeqcia, CD7/VCAM  da 

adheziuri molekulebis transgenuri eqspresiis gansazRvra, statiuri 

adheziuri cdebi, transmigraciuli cdebi, muSaoba transgenur endoTelur 

ujredebze (HUVECs), citoConCxis blokirebis Seswavla (naSromi 

S.Marheineke, 2002). transgenur ujredTa kulturebze Catarebuli am cdebis 

Sedegebi daedo safuZvlad CD7/VCAM1 kvlevebis gagrZelebas adamianis 

endoTeluri ujredebis modelze da in vivo aTerosklerozis modelze.  
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kvlevis amocanebi: 

 

In Vitro: 

 dinamiur adheziur kvlevis modelSi VCAM1 receptoris funqciisa da 

specifiurobis Seswavla; 

 VCAM1 receptoris eqspresiis Seswavla gamdinare citometriis 

saSualebiT endoTeluri ujreduli kulturis citokinebiT 

stimulaciisa da CD7/VCAM1 konstruqtiT transfeqciis Sedegad; 

 monocit-endoTeluri urTierTqmedebis Seswavla dinamiur adheziur 

kvlevis modelSi endoTeluri ujreduli kulturis citokinebiT 

stimulaciisas; 

 CD7/VCAM1 konstruqtis Seswavla dinamiur adheziur kvlevis 

modelSi endoTeluri ujreduli kulturis citokinebiT 

stimulaciisa da Sesabamisi CD7/VCAM1 transfeqciis fonze; 

 

In Vivo: 

 CD7/VCAM1 konstruqtis Seswavla ApoE-/- deficitur TagvebSi 

aplikaciis teqnikis gamoyenebiT; 

 CD7/VCAM1 konstruqtis Seswavla ApoE-/- deficitur TagvebSi ineqciis 

teqnikis gamoyenebiT; 
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literaturis mimoxilva 

 

1.1.  aTerosklerozi  

 

 

1.1.1. epidemiologia da paTogenezi 

 

aTerosklerozi warmoadgens arteriebis daavadebas. B jandacvis msoflio 

organizaciis Tanaxmad "aTerosklerozi aris arteriebis intimis 

cvlilebebis variabeluri kombinacia, romelic Sedgeba lipidebis, 

kompeqsuri naxSirwylebis, sisxlisa da sisxlis produqtebisagan, 

fibrozuli qsovilisa da kalciumis depozitebisagan da asocirebulia 

arteriebSi medialur cvlilebebTan".   

aTerosklerozi sistemuri daavadebaa, romelic xasiaTdeba sisxlZarRvebSi 

paTologiuri cvlilebebiT, rogorc intimis mezenqimuri ujredebis aseve 

sisxlZarRvis Sua Sris (Intima Media) Rrma Sreebis doneze. muxudos 

marcvlis magvari paTologiuri warmonaqmnebi ganTavsebuli sisxlZarRvis 

kedelSi ki e.w. „aTerosklerozuli folaqebia“.  

arteriuli sistemis es daavadeba viTardeba nela da xSirad didxans 

usimptomod mimdinareobs. is manifestirebs iSemiis, stenokardiis, 

miokardiumis infarqtis, insultis, Trombozebis, uecari sikvdilis saxiT. 

aTerosklerozi da misi garTulebebi dasavlur civilizaciaSi letalobis 

yvelaze xSiri mizezia. Sesabamisad aTeroslerozi warmoadgens udides 

epidemiologiur da msoflio janmrTelobis dacvis politikis  problemas. 

mravali aTeuli welia aTerosklerozi aris samedicino da bioqimiuri 

kvlevis centrSi mTel msoflioSi. es progresirebadi daavadeba bavSvobaSi 

iwyeba da misi klinikuri manifestacia saSualodan xandazmul asakSi xdeba.    

 

 

1.1.2 aTerogenezis hipoTezebi                                    

 

aTerosklerozis paTogenezis Teoriebi efuZneba jer kidev virxovis 

(Virchow Frankfurt-am-Main, Meidinger Sohn and Co.,1856), rokitanskis (Con Rokitansky, 

C.: London, The Sydenham Society, 1852)  da duguidis (Duguid, 
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J.B.Pathol.Bacteriol.58:207,1946) adreul Sromebs. cnobilma paTolog-anatomma 

rokitanskim (1804 - 1878) (ienis 1990) warmoadgina e.w. "inkrustaciis" Teoria, 

romelic sabolood duguidma gadaamuSava. am Teoriis Tanaxmad arteriebis 

kedlebis dazianebis ubnebTan arseboben mcire zomis kedlismieri 

Trombebi, romlebic TandaTan gluvi kunTovani qsovilis ganviTarebasTan 

erTad organizdebian. amas Tan erTvis lipidebis akumulacia. cnobil eqims, 

paTolog-anatoms, biologs, anTropologs rudolf virxovs (1821 - 1902) 

hqonda aTerosklerozis ganviTarebis sruliad gansxvavebuli hipoTeza, 

romlis Tanaxmadac aTerosklerozi warmoadgens arteriebis anTebas.   

anTebiTi cvlilebebi ki arteriebis kedlebis Sua da Sida SreebSi 

sisxlidan lipidebis Calagebis Sedegi unda yofiliyo. (virxov 1856, 

AAckcknecht 1977). 

1973 wels es ori Teoria gaerTianda axali codnis safuZvelze. kerZod ki 

aTerosklerozis aRmocenebis procesSi saWirod miiCnies ujreduli da 

molekulur-biologiuri meqanizmebis rolis gaTvaliswineba. es hipoTeza 

cnobilia „dazianebaze-pasuxi“-s saxelwodebiT „response-to-injury-hypothesis of 

atherosclerosis“. (Ross and Glomset 1973, Ross and Harker 1976, Ross 1990).  

monoklonuri hipoTeza, romelic aseve 1973 wels iqna formulirebuli 

varaudobs, rom aTerosklerozuli dazianebebi SesaZloa neoplaziuri 

formis erT-erT gamovlinebas warmoadgendes (Benditt 1973).  

 

„dazianebaze-pasuxi“-s hipoTeza – e.w. „response-to-injury-hypothesis“  

 

„dazianebaze-pasuxi“-s hipoTezis Tanaxmad arteriebis kedlis garkveul 

anatomiur monakveTebze adgili aqvs endoTeluri ujredebis dazianebas. 

TviT dazianeba aris am hipoTezis amosavali wertili. cnobilma amerikelma 

mecnierma aTerosklerozis mkvlevarma rusel rosma 1976 wels gamoTqva 

mosazreba, rom TviT sisxlTan momijnave sisxlZarRvis kedlis Sris 

dazianeba warmoadgens mainicirebel faqtors kompleqsuri, 

aTerosklerozuli movlenis ganviTarebaSi. intima Sedgeba endoTeluri 

ujredebis erTrigad ganlagebuli Srisagan da subendoTeluri 

SemaerTebeli qsovilisagan. endoTeluri Sris dazianebis mravali mizezi 

arsebobs: travmis gziT misi morfologiuri dazianeba, meqanikuri 
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dazianeba, bioqimiuri dazianeba baqteriuli toqsinebis saSualebiT, 

virusebiT gamowveuli dazianeba an antigen-antisxeulis reaqciiT intimis 

dazianeba. es faqtorebi ganapirobeben kompleqsur urTierTqmedebebs 

endoTeliums, miocitebs, limfocitebs, monocitebs, Trombocitebs, 

makrofagebsa da zrdis faqtorebs Soris (Ross 1981; Ross 1990; Ross 1993; Liao 

1998). aqedan gamomdinare aTerosklerozis ganviTarebaSi mniSvnelovania 

leikocitebis transmigracia da akumulacia subendoTelur SreebSi, gluvi 

kunTovani ujredebis proliferacia da maTi migracia intimasa da intima 

mediaSi, rac Tavis mxriv gamowveulia zrdis faqtorebiT, rogorebicaa mag. 

citokinebi  da e.w. „qafiani ujredebis“ warmoqmna sisxlZarRvis kedlis am 

SreebSi, ganpirobebuli maTSi lipidebis CalagebiT. es movlenebi droTa 

ganmavlobaSi iwveven sisxlZarRvis kedelSi muxudos marcvlismagvari 

cvlilebebis formirebas, romelnic „folaqebad“ iwodebian da romlebic 

mikroskopiulad aTerosklerozs warmoadgenen. (Ross 1993). 

 

 

1.1.3 aTerosklerozis risk-faqtorebi 

am kompleqsuri, qronikul-anTebiTi procesis ganviTarebaSi mravali 

faqtori monawileobs.  

 

aramodificirebadi faqtorebi 

 

asaki 

Seucvleli riskfaqtori aris adamianis xandazmuli asaki. mravalma 

kvlevam daadastura, rom jer kidev sicocxlis adreul asakSi SesaZloa 

arsebobdes organizmSi aTerosklerozuli cvlilebebi. 10 dan 14 wlamde 

asakis bavSvTa autofsiis Sedegad daaxloebiT naxevarSi SeZles lipidebiT 

mdidari makrofagebis e.w. „fatty streaks“ arsebobis dadastureba (Ross 1993). 

gasqelebuli intimis areebis dadgena adamianSi SesaZloa dabadebisTanave 

(Stary et al.1995). Tumca bavSvebSi aTerosklerozi Semoifargleba mxolod 

sawyisi stadiebiT. mxolod sicocxlis mesame aTwleulSi viTardeba 

aTerosklerozuli cvlilebebis klinikuri manifestacia (Stary et al.1995).  
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asakTan erTad imatebs aTerosklerozuli dazianebebis simZime da sixSire, 

iseve rogorc misi garTulebebis gamovlinebebi.  

 

 

sqesi 

mamrobiTi sqesisaTvis mraval kvlevaSi dadasturda aTerosklerozis 

ganviTarebis mniSvnelovnad momatebuli riski. amasTan mimarTebaSi 

mdedrobiTi sasqeso hormonebi mniSvnelovan antiaTerosklerozul rols 

TamaSoben (Ceska et al. 2006). cnobilia, rom estrogenTerapias Tan axlavs 

sisxlSi LDL qolesterinis donis daqveiTeba da HDL qolesterinis donis 

mateba rogorc mamakacebSi aseve qalebSi (Kuller 2003). Tumca prognozi 

qalbatonebSi daavadebis SemTxvevaSi gacilebiT cudia, vidre mamakacebSi 

(Duarte et al. 2002 ; Vittinghof et al.2002; Sparks and Frazier et al. 2002 ). 

 

ojaxuri winaswarganwyoba / genetikuri daavadebebi 

genetikuri aspeqtebi TamaSoben mniSvnelovan rols aTerosklerozis 

paTogenezSi. mravaljer iqna dadasturebuli, rom dadebiTi ojaxuri 

anamnezi damoukidebeli risk faqtoria. mzgavsi dadgenilia aseve sxva risk-

faqtorebTan mimarTebaSi rogorebicaa diabeti, hipertonia da 

hiperlipidemia (Descamps et al.2003; Higgins 2000; Li et al.2000; Herman and Paul 2001). 

 

modificirebadi faqtorebi  

 

mweveloba 

Tambaqos moxmarebis saSualebiT organizmSi xvdeba uamravi mavne 

nivTiereba rogorebicaa mxuTavi airi, aldehidebi, kadmiumi, aTasobiT 

sxvadasxva mavne qimiuri agenti - nitroaminebi, benzoepinebi, cianwyalbadi, 

bilionobiT Tavisufali radikali, romlebic esenciur antioqsidantebs 

gaxarjaven. Tavisufali radikalebi azianeben organizmis cilebs, lipidebs 

da dnm-s. ujeri cximovani mJavebi ganicdian oqsidacias da fiqsirdebian 

arteriis kedlebze (Karl et al.2004). mwevelebSi aTerosklerozuli 

garTulebebis sixSire bevrad didia (Zeiher et al.1993). 
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simsuqne 

aramxolod zedmeti wona aris aTerosklerozis risk-faqtori, aramed 

cximis ganawilebac, gansakuTrebiT pacientebSi maRali e.w. “„waist-to-hip-ratio“ 

(Tanafardoba welisa da barZayis zomebs Soris) (Dietze et al. 2000; Hu and Willett 

2002; Abbassi et al. 2002). 

 

umoZraoba 

fizikur aqtivobas aqvs dadebiTi zemoqmedeba yovel organoTa sistemaze. am 

gziT miiRweva wonis reduqcia, insulinrezizstentobis daqveiTeba, HDL-

qolesterinis mateba da LDL-qolesterinis daqveiTeba, imunuri sistemis 

gaZliereba, arteriuli wnevis daqveiTeba, C-reaqtiuli proteinis da 

fibrinogenis daqveiTeba da kidev mravali sxva.  

 

stresi 

modificirebad faqtorebSi ganixileba aseve emociuri stresi. adamianis 

emociur datvirTvas didi mniSvneloba aqvs aTerosklerozis ganviTarebaSi. 

cnobilia, rom arsebobs asociacia depresiul simptomebs, emociur stressa 

da aTerosklerozis subklinikur formebs Soris (R.Hernandez, 2014).   

 

faqtorebi, romelTac SesaZloa vumkurnaloT 

 

Saqriani diabeti 

diabeturi makroangiopaTia anu didi sisxlZarRvebis kedlebis gazrdili 

gamavloba xels uwyobs aTerosklerozis ganviTarebas. Saqriani diabetis 

mqone pacientebSi aRiniSneba sisxlZarRvebis gamoxatuli cvlilebebi da 

aTerosklerozuli gamovlinebebis maRali sixSire. mravali faqtoria, 

romelic amaSi monawileobs. nivTierebaTa cvlis darRveva, romelic 

asocirebulia diabetTan ganapirobebs dislipidemias da eqstraceluluri 

matriqsis gluko-oqsidacias. am daavadebis fonze klasikuri 

aTeroslerozuli risk fatorebis sixSire rogorebicaa hipertonia, 

simsuqne, dislipidemia matulobs (Arschag&Mooradian et al.2003).  
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arteriuli hipertenzia 

epidemiologiuri kvlevebiT demonstrirebul iqna, rom hipertenzia 

warmoadgens aTerosklerozis erT-erT risk faqtors, Tumca ZiriTadi 

meqanizmebi, romlebic akavSirebs am or daavadebas kompleqsuri da jer 

kidev sakamaToa (M.Kobayashi,1995). potenciuri vazokonstriqtoris 

angiotenzin II-is koncentracia, hipertenziis mqone pacientebSi 

momatebulia. angiotenzin II gluvi kunTebis specialur receptorebs 

ukavSirdeba, iwvevs fosfolipaza C–s aqtivacias,  intracelularuli 

kalciumis donis matebas, gluvi kunTovani ujredebis proliferacias. 

faqtorebi, romlebic zemoqmedeben oriveze arteriul wnevasa da gluvi 

kunTovani ujredebis proliferaciaze SesaZloa TamaSobdnen centralur 

rols aTerosklerozsa da hipertenzias Soris urTierTkavSiris procesSi 

(M.Kobayashi,1995,R.Weyne,1995). hipertonias aqvs aseve proinflamatoruli 

zegavlena sisxlZarRvebze. arsebobs hipoTeza, rom anTeba SesaZloa iyos 

xidi hipertenziasa da aTerosklerozs Soris (J.J.Li, 2004, Franklin et al.1999).  

 

hiperlipidemia 

hiperlipidemia TamaSobs centralur rols aTerosklerozis ganviTarebaSi. 

arsebobs korelacia sisxlSi qolesterinis, trigliceridebis donesa da 

gulis koronaruli daavadebis ganviTarebas Soris (Li et al.2002; Gotto 2002). 

lipoproteinebi ganirCevian TavianTi simkvrivis mixedviT. LDL (Low-Density-

Lipoprotein) igive dabali simkvrivis mqone lipoproteinis momatebuli done 

warmoadgens aTerosklerozis ganviTarebis da progresirebis gazrdil 

risks. gul-sisxlZarRvTa sistemazePproteqtoruli efeqti gaaCnia HDL 

(High-Density-Lipoproteine) maRali simkvrivis mqone lipoproteins (Gotto2002; 

Ross1976; Franklin et al.1999;Rösen 2002).   

 

sxva risk-faqtorebi 

 

arsebobs uamravi daavadeba rogorebicaa hipoTireozi, osteoporozi, 

depresia, metaboluri sindromi, parodontiti da sxva, romlebic aseve 

ganixilebian aTerosklerozis risk faqtorebad.  
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infeqcia  

baqteria  Chlamidia pneumoniae SesaZloa warmoadgendes damoukidebel risk 

faqtors aTerosklerozisaTvis. es sakiTxi jer kvlevis procesSia. sxva 

gamomwvevebi rogorebic arian  Helicobacter pylori da herpes virusi asve eWvqveS 

arian (Auer, J. Berent, T. 2004). qronikuli respiratoruli, urogenitaluri 

infeqciebi mravali avtoris mier ganixileba rogorc aTerosklerozis 

SesaZlo risk faqtorebi (Auer, J. Berent, T. 2004). 

 

1.2. aTerosklerozis ganviTarebis stadiebi 

aTerosklerozi mudmivad moprogresire daavadebaa. histologiuri 

anaTlebi rogorc wesi warmoaCenen aTerosklerozuli folaqis 

ganviTarebis sxvadasxva stadiebs. histologiur suraTze paTologiuri 

cvlilebebi SesaZloa identificirebul iqnas aTerosklerozuli 

folaqebis ganviTarebis stadiebTan. qvemoT warmodgenili cxrili asaxavs 

folaqebis Semadgenlobas maTi ganviTarebis sxvadasxva stadiebze 

adamianebSi. 

tipi morfologiuri kriteriumebi 

I gabneulad mdebare lipoproteiniT-datvirTuli 

makrofagebi (=qafiani ujredebi) 

II qafiani ujredebis depozitebi da lipidebiT datvirTuli 

gluvi kunTovani ujredebi qmnian cximovan fenas 

III Sualeduri stadia: preaTeroma CaSenebuli lipiduri 

depozitebiT 

IV aTeroma: lipiduri depozitebi izrdebian, erTdebian, 

Cndeba rupturis saSiSroeba 

V fibroaTeroma: lipidebis SresTan erTad yalibdeba 

SemaerTebelqsovilovani Sre 

 Vb Zlieri kalcifikacia 

Vc ZiriTadad SemaerTebelqsovilovani struqtura 

VI rTuli dazianeba: damatebiT fibrozul folaqSi 

napralebi, hemoragia an Trombebi 

cxrili 1: aTerosklerozuli folaqis ganviTarebis stadiebi adamianSi 
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staris Tanaxmad  (Stary, 2000). 

 

ApoE-/- deficitur TagvebSi aTerosklerozuli folaqebis ganviTarebis 

stadiebis vizualizirebuli klasifikacia rozenfeldis mixedviT: 

 

I 

 

II 

 

IIIa 

 

IIIb 

 

IIIc 

 

IIIe,f 
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IIIe,g 

 

suraTi 1  

L = sanaTuri (Lumen), FFN = fibrocximovani birTvi (Fibrofatty nodule) = 

progresirebul dazianebas qolesterinis kristalebiT, X = qsanToma 

(Xanthom). 

I: folaqi qafiani ujredebiT; 

II: folaqi qolesterinis kristalebiT; 

IIIa: fibro-cximovani birTvi sanaTuris gaqrobiT, hemoragia; 

IIIb: fibro-cximovani birTvi fibrozuli saxuravis gaqrobiT; 

IIIc: fibro-cximovani birTvi hemoragiiT, folaqis ruptura; 

IIIe,f: fibro-cximovani birTvi fenebis warmoqmniT da qondrocitismagvari 

ujredebi; 

IIIg: fibro-cximovani birTvi nekroziT da folaqis Tavsaxuris nekrozuli 

rRveviT. 

 

1.3 molekuluri meqanizmebi aTerosklerozis ganviTarebaSi 

 

1.3.1 endoTeliumis roli aTerosklerozis ganviTarebis adreul stadiaze  

 

endoTeliumi warmoadgens intimis sisxlZarRvis sanaTurisaken mimarTul 

endoTeluri ujredebis Sres. gul-sisxlZarRvTa sistemis yvela 

sisxlZarRvi warmodgenilia endoTeluri ujredebis erTSriani ganlagebiT. 

endoTeliumi miuxedavad Tavisi mikroskopuli moculobisa (xSirad is 1 

mkm-ze naklebia) aris aqtiuri, dinamiuri qsovili, romelic mraval 
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mniSvnelovan funqcias asrulebs. is aris multifunqciuri organo, romlis 

disfunqcia aris aTerosklerozis ganviTarebis kritikuli faqtori.  

sisxlZarRvis es Sida Sre aris sisxlis konteineri da warmoadgens 

seleqciur, permeabilur bariers. endoTelis specializirebuli 

struqturebis saSualebiT, rogorebicaa zedapiruli glikokoliqsi, 

ujredul-ujreduli kavSirebi, mikrovezikulebi, transcelularuli 

arxebi, subendoTeluri matriqsi regulirdeba intravaskuluri sivrcidan 

makromolekulebis transporti.  endoTels aqvs unari Seicnos signalebi 

sisxlis nakadidan, moaxdinos maTi integrireba da specifiur signalebad 

gardaqmna. igi warmoadgens ara mxolod sensors da mimRebs, aramed agreTve 

signalebis gadamcemia iseTi biologiurad aqtiuri nivTierebis warmoqmnis 

gamo rogorebicaa lipidmediatorebi, citokinebi, zrdis faqtorebi, 

vazotonusis maregulirebeli substanciebi, prostaciklini, azotis 

monoqsidi, endoTelin-1, angiotenzin II da mravali sxva. vaskuluri 

endoTelis mniSvnelovan funqciebs Soris aris: ujreduli signalebis 

amocnoba da gardaqmna, homeostazisa da Trombozebis dinamiuri regulacia, 

sisxlZarRvovani tonusis regulireba, sisxlZarRvis zrdisa da 

remodelirebis procesis regulacia, anTebiT da imunologiur reaqciebSi 

monawileoba. endoTeli aris sisxlis Semcveli rezervuari, seleqtiuri 

gamavlobis barieri, biologiuri reaqciebis mediatorebis wyaro da samizne  

(Gimbrone A, Topper JN.1999;  Baumgartner-Parzer SM, Waldhaus WK2001; Rösen P, 2002; ). 

 

 

1.3.2 endoTeluri disfunqcia 

 

aTerosklerozis ganviTarebas adreul stadiaze Tan axlavs endoTeluri 

disfunqcia. igi xasiaTdeba Secvlili vazoaqtivobiT endoTeliumze 

damokidebuli relaqsaciis SezRudviT, plazmis proteinebisaTvis 

sisxlZarRvis kedlis gazrdili gamavlobiT da leikocitebis seleqtiuri 

hiperadheziurobiT, Trombozuli garTulebebiT da homeostazsa da 

fibrinoliziss Soris balansis darRveviT  (Simonevscu N, Simonevscu M.1992; 

Nabel EG, Selwyn AP, Ganz P.1990; Tak PP, Firestin GS. 2001; Casas J.P., Bautista L.E, 2004).  

proinflamatoruli stimuli rogoric SeiZleba iyos zemoT naxsenebi risk 
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faqtorebi zemoqmedeben endoTelze da endoTelis gamavloba 

lipoproteinebisaTvis da sisxlSi mocirkulire sxva nivTierebebisaTvis 

matulobs. amavdroulad adgili aqvs pirveladi proinflamatoruli 

citokinebis rogorebic arian interleikini (IL-1) da simsivnis nekrozis 

faqtoris (Tumor Nekrose Faktor (TNF-α))  warmoqmnas. es ganapirobebs 

endoTeluri ujredebis aqtivacias, adgili aqvs enedoTeliumidan da sxva 

ujredebidan adheziuri molekulebis, proteinebis gamoTavisuflebas. 

aqtivirebuli endoTeluri ujredebi TavianT zedapirze gaZlierebulad 

axdenen im adheziuri molekulebis eqspresias, romlebic monocitebisa da 

limfocitebis mimagrebas ganapirobeben. seleqtinebi iwveven monocitebisa 

da T limfocitebis droebiT kontaqts enedoTelur ujredebze, ujreduli 

adheziuri molekulebi ki piriqiT axdenen maT mimagrebas endoTeliumis 

zedapirze. amiT SesaZlebeli xdeba leikocitebis SeWra ganxorcieldes 

sisxlZarRvis subintimur SreSi. (Libby.2003; Imhof, Koenig 2003). mravali 

prospeqtuli kvleviT dadginda, rom arsebobs pirdapiri kavSiri sistemur 

anTebis markerebsa rogorebic arian adheziuri molekulebi (ICAM-1, VCAM-1 

und E-Selektin), citokinebi (IL-6, TNF-α) da sxva mwvave fazis proteinebi mag.   

C reaqtiuli proteini (CRP) da angio-kardiologiur movlenebs Soris (Ross 

R.1999). 

 

1.4. adheziuri molekulebi 

adheziuri molekulebi arian ujredis zedapirze arsebuli proteinebi, 

romlebic receptor-ligand principiT ujredebs Soris miznobriv kontaqts 

axorcieleben da amiT ujreduli komunikaciis saSualebas iZlevian. 

adheziuri molekulebis sxvadasxva ojaxebi adamianis organizmSi 

sxvadasxva mniSvnelovan funqcias asruleben da amiT aregulireben 

adamianis organizmSi mimdinare dinamiur procesebs. isini ganapirobeben 

erTi ujredis kavSirs meoresTan an eqstracelulur matriqsTan (Piggot R. 

1993). struqturuli homologiebis safuZvelze adheziuri molekulebi 

sxvadasxva molekulur ojaxebad iyofa: 
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 imunoglobulin-superojaxi 

 kadherinebi 

 seleqtinebi 

 integrinebi 

leikocitebis migraciaSi monawile molekulebi ekuTvnian seleqtinebis, 

integrinebis da imunoglobulin-superojaxis jgufs.  

 

 

1.4.1 seleqtinebi 

 

seleqtinebi aris adheziuri molekulebis jgufi, romlebic mwvave an 

qronikuli anTebis procesSi leikocitebis vaskulur endoTelze adheziasa 

da maTi anTebad qsovilSi qemotaqtilur migraciaSi monawileoben. amasTan 

seleqtinebi aaqtiureben mTliani adheziuri movlenebis kompleqsur 

kaskads. sisxlis kapilaruli nakadidan leikocitebi moZraobis Senelebis 

gamo iwyeben e.w „brunvas“ ("Rolling") da koncentrirdebian lokalurad 

sisxlZarRvis kedlis gaswvriv. mxolod amis Semdeg SeuZliaT sxva 

adheziur molekulebs marTon leikocitebis endoTelTan myari kavSiri da 

maTi Semdomi migracia qsovilSi. seleqtinebi ukavSirdebian 

glikoproteinebze arsebul specialur oligosaqaridebs da 

glikolipidebs.   

aqamde cnobilia mxolod sami seleqtini: EE-, P- da L- seleqtini. EE-da P- 

seleqtinebi mdebareoben sisxlZarRvebis endoTelze, xolo P-seleqtini 

damatebiT mdebareobs aseve Trombocitebis zedapirzec. rac Seexeba L- 

seleqtins igi leikocitebzea eqspresirebuli. seleqtinebi TamaSoben did 

rols leikocitebis migraciis adreul fazaSi. isini ganapirobeben pirvel 

kontaqts leikocitebsa da sisxlZarRvis endoTels Soris. amis Sedegad 

adgili aqvs fenomens e.w. „brunvas“ „Rolling“. leikocitebi brunaven 

sisxlZarRvis Sida Sris gaswvriv  (Rosales,  Juliano, 1995). 
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seleqtinebis funqcia  

leikocitebis moTokva-SeCereba da brunva 

→gadaadgileba anTebis kerisaken 

 
L-seleqtini 

 

E-seleqtini 

 

P-seleqtini 

 

eqspresiis 

areebi 

limfocitebi  (maRali eqspresia 

bunebriv T-ujredebze, msubuqi 

eqspresia mexsierebis ujredebze) 

neitrofiluri granulocitebi 

monocitebi 

endoTeli 
endoTeli, 

Trombocitebi 

eqspresiis 

regulaciis 

gza 

citokinebiT stimulirebadi 

TNF, IL-1 

citokinebiT 

stimulirebadi 

(4-6sT)  

stimulirebulia 

(wamebidan 

wuTebamde), 

granulaSi 

Senaxuli 

 

samizne-

ujredebi 

endoTeluri ujredebi 

 

neitrofiluri 

granulocitebi 

 

neitrofiluri 

granulocitebi, 

monocitebi 

cxrili 2 -seleqtinebis daxasiaTeba (R.Tauber, 2006) 

 

 

1.4.2. integrinebi 

integrinebi arian receptoris cilebi, romlebic ujredebs 

eqstracelulur matriqsTan akavSireben da reagireben garedan-SigniT da 

Signidan-gareT signalebze (outside-in / inside-out Signalling). isini arian 

molekulebis didi ojaxi da eqspresirdebian sxvadasxva qsovilSi. qimiuri 

TvalsazrisiT integrini Sedgeba ori erTeulisagan (α- da β-), romlebic 

erTmaneTTan kavSirSia.  alfa da beta qveerTeulebisaTvis arsebobs 

sxvadasxva qvetipi rogorebicaa beta 1, beta 2 da a.S. leikocitebze 

ramodenime integrini arsebobs, romelic leikocitebis migraciis procesSi 

mniSvnelovan rols TamaSobs. aqedan erT-erTi aris limfocitebis 

funqciuri antigeni-1 (LFA-1). igi eqsprimirebulia TiTqmis yvela 

leikocitis zedapirze. sxva integrini,  makrofag-1 (Mac-1), sapirispirod 



31 

 

mxolod granulocitebze da monocitebze arsebobs. integrinebi 

ganapirobeben leikocitebis mtkice adhezias endoTeliumze. es aris 

leikocitebis sisxlis nakadidan gadmosvlis (migraciis) erTerTi 

aucilebeli piroba  (Bevilacqua&Nelson, 1993; Humphries 2000; Hynes, 2002). 

 

integrinebis biologiuri funqciebi da moqmedebis meqanizmebi 
 

 

 

 

integrinebis 

biologiuri 

funqciebi 

ujredebis gadaadgileba    → SeCereba, citoConCxis 

organizacia 

ujreduli procesebi/ 

mdgomareobebi rogorebicaa   → 

polaroba, homeostazi, 

gadarCena/apoptozi, 

zrda,diferencireba 

integrinebi monawileoben  →  polarizebuli 

ujreduli 

kulturis 

warmoqmna 

 koreqtuli 

qsovilovani 

arqiteqtura 

 

 

moqmedebis 

meqanizmi 

integrinebs SeuZliaT uamravi sxvadasxva signalebis 

gadacemis gzebis aqtivireba (mag.proteinkinaza, Ras, Rho.) 

mxolod integrinebi xSirad arasakmarisia iseTi 

efeqtebis misaRwevad rogorebicaa gadarCena, 

proliferacia an diferenciaciis gamowveva, 

aucilebelia imavdroulad agreTve sxva signalgzebis 

aqtivacia (mag.zrdis faqtorebiT) 

→ sinergizmi, nebadamrTveli moqmedeba 

 

cxrili 3 - integrinebis ojaxis mimoxilva (R.Hynes, 2002) 

 

 

1.4.3. imunoglobulin-superojaxi 

imunoglobulin superojaxis wevrebi arian membranuli proteinebi, 

romelTa eqstraceluluri are sul mcire erT imunoglobulinis domens 

(Ig-Domäne) Seicavs (Williams&Barclay, 1988). Sidaujreduli nawilis arseboba 
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ganapirobebs rogorc Sesabamisi molekulis SekavSirebas ujredis 

citoConCxTan, aseve uzrunvelyofs signalis gadacemis funqciasac. iseve 

rogorc TviT imunoglobulinebs am ojaxis bevr sxva wevrs aqvs 

signalebis aRqmis, ujreduli adheziis, da receptoruli funqciebi. isini 

arseboben sxvadasxva organoebsa da qsovilebSi (Springer, 1990).  am jgufs 

ekuTvnis imunuri sistemis molekulebi – B ujreduli receptori (BZR), T 

ujreduli receptori (TZR)  da maTi ko-receptorebi CD4/CD8, MHC 

molekulebi (Wdelman, 1987). imunglobulinebis superojaxis proteinebi aseve 

mniSvnelovan rols TamaSoben nervuli sistemis funqcionirebaSi. aseTebia 

mag. nervuli ujreduli adheziuri molekula N-CAM, Nr-CAM, neirofascini,   

IL1 (Crossin&Kruschel, 2000). 

am ojaxis mniSvnelovani warmomadgenlebi arian intracelularuli 

ujreduli adheziuri molekula-1 (ICAM-1) da vaskularuli adheziuri 

molekula-1 (VCAM-1). ICAM-1 da VCAM-1 TavianTi struqturiTa da funqciiT 

erTmaneTTan mWidro naTesaobaSi arian. orive maTgani ukavSirdeba 

leikocitis integrins (Gerrity, R.G. 1981). normalur Tagvebsa da bocvrebSi 

orive maTgani eqpresirebulia aortis endoTeliumze aTerosklerozuli 

cvlilebebis regionebSi.  hiperqolesterinemiis mqone cxovelebSi orive 

maTganis  eqspresia Zalian momatebulia, gansakuTrebiT qafiani ujredebis 

formirebis fazaSi, aTerosklerozuli dazianebis areebSi, nawilobriv 

aseve periferiaze. Tumca xazgasmiT unda aRiniSnos, rom VCAM-1 

unikaluria, radgan misi eqspresia mkacrad Semofarglulia dazianebis 

keriT da dazianebisadmi midrekili regionebiT, maSin roca ICAM-1 

eqspresia dauzianebel aortasa da dazianebisagan dacul regionebSia 

gamoxatuli (Hansson, G.K. et all. 1991). es gansxvaveba eqspresiis nimuSSi 

miuTiTebs dazianebis warmoSobis procesSi am molekulebis gansxvavebul 

funqciaze da Sesabamisad maT gansxvavebul mniSvnelobaze 

aTerosklerozuli procesis ganviTarebaSi (Myron I. Cybulsky, 2001). 
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1.4.4. ICAM1  - intercelularuli adheziuri molekula1 

ICAM-1 (CD54) aris 95kD zomis glikoproteini, romelic leikocitebze, 

fibroblastebze, endoTelur, epiTelur da sxvadasxva simsivnur 

ujredebze eqspresirdeba (Van de Stolpe&van der Saag, 1996). endoTelur 

ujredebze iuam1 (ICAM-1) aris mcire raodenobiT warmodgenili. SesaZlebel 

iqna endoTelur ujredebze  TNF-, IFN-γ-  da IL-1 stimulaciis gziT  ICAM-1-is 

gaZlierebuli eqspresia mieRoT (Rothlein et al., 1988; Dustin et al., 1986).  

rogorc ligandebi cnobilia integrinebi  (LFA-1, Mac-1), romlebic 

warmodgenilia leikocitebze, rinovirusebSi da plazmodium falciparumiT 

dainficirebul eriTrocitebze (Greve et al., 1989; Hynes&Lander, 1992; Diamond et 

al., 1995). ICAM-1 TamaSobs mniSvnelovan rols leikocitebsa da endoTelur 

ujredebs Soris kavSiris SeqmnaSi. seleqtinebis mier damyarebuli 

kontaqtebi ICAM1-is saSualebiT Canacvldeba ufro myar kontaqtebad. 

kaplanskis mier  ICAM-1 da VCAM-1 urTierTqmedeba aRwerilia rogorc 

umniSvnelovanesi movlena leikocitebis endoTeliumTan SekavSirebis 

procesSi (Kaplanski et al., 1998).  

 

 

1.4.5.  VCAM1 -  vaskuluri ujreduli adheziuri molekula 1 

VCAM-1 (CD106) aris imunoglobulin-superojaxis wevri. es adheziuri 

molekula aris 90kD zomis ujredis zedapiruli glikoproteini, romelic 

endoTelur, epiTelur, dendritul ujredebze da makrofagebzea 

eqspresirebuli (Gearing &Newman, 1993). dnm-is sekvenciuri analizis 

saSualebiT daadgines, rom  VCAM-1 imunoglobulin-superojaxs ekuTvnis. 

adamianebsa da TagvebSi igi warmodgenilia Svidi imunoglobulinis mzgavsi 

domeniT (Cybulsky&Gimbrone, 1991). roi lobs jgufis mier kompania Biogen-Si 

ganaxorcieles misi klonireba da daadgines, rom igi ukavSirdeba integrin 

α4β1 (VLA-4) da α4β7 (murine mucosal homing receptor, LPAM-1) (Roy Lobbs 2002).  

VCAM-1  TamaSobs centralur rols mononuklearuli ujredebis 

rogorebicaa monocitebi da T-limfocitebi endoTelur ujredebze 

adheziaSi, (Cybulsky et al., 1991). es adheziuri molekula urTierTqmedebs  VLA-

4 (Very Late Antigen-4) - Tan, romelic mudmivad eqspresirdeba monocitebsa da 
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limfocitebze da ganapirobebs am ujredebis fiqsacias endoTeliumis 

zedapirze. endoTeluri ujredebi aqtivirdebian citokinebis (TNF-α, Il-6, INF-

γ) da Trombinis  saSualebiT. aqtivirebul endoTelur ujredebze 

warmodgenilia VCAM-1-is maRali eqspresia. VCAM-1 eqspresiis mateba 

SesaZloa inducirebul iqnes aTerosklerozuli risk faqtorebiT 

rogorebicaa hiperqolesterinemia, e.w. "AGEs" (Advanced Glycation End Products),  

oqsidirebuli LDLs, sxvadasxva citokinis (IL-1, TNF-α) meSveobiT. VCAM-1 

ganapirobebs endoTeluri ujreduli kontaqtebis gaxsnas. es saSualebas 

aZlevs leikocitebs gadavidnen subintimaSi (Kumar et al. 1994).  

monocitebi warmoadgenen leikocitaruli ujredebis daaxloebiT 80%-s 

aTerosklerozuli dazianebis ubanSi. amitomac VCAM-1, romelic marTavs 

am ujredebis CarTvas subendoTelur SreSi udidesi roli eniWeba 

aTerogenezis adreul stadiaSi. mravali kvlevis safuZvelze dadginda, rom 

endoTeluri VCAM-1 – is gaZlierebuli eqspresia aRiniSneba ApoE-/-  

Tagvebsa da bocvrebSi adreuli aTerosklerozuli dazianebis adgilebSi. 

VCAM1-is maRali eqspresia dafiqsirda agreTve aTeroskleroziT 

daavadebul pacientebSi aTerosklerozis Sorswasul stadiebSi, olson da 

srivastava TavianT naSromebSi aRniSnavdnen gamokvlevebis Sesaxeb  VCAM-1 

da α4  integrinis deficitis SemTxvevaSi (Olson da Srivastava (1996). aRmoCnda, 

rom aseT deficits Sedegad mosdevs epikardiumis dezorganizacia da 

miokardiumis Semdgomi gaTxeleba.  

garmi susinis mier demonstrirebul iqna, rom integrini  α4β1 da adheziuri 

molekula VCAM-1 eqspresias ganicdian mxolod moproliferire da ara 

mosvenebul endoTelur da muralur ujredebze (Garmy-Susini et al. 2005) .   

VCAM-1 TamaSobs gansakuTrebul rols rogorc leikocitebis pirveladi 

adheziis (e.w. „brunva“ Rolling), aseve adheziis finalur fazaSi - maT 

gavrcelebasa da fiqsaciaSi (e.w. Spreading und Tethering)  (Berlin C. 1995; Alon R. 

1995). am gansakuTrebulobis gamo mraval naSromSi VCAM-1 ganixileba 

rogorc aTerosklerozis potenciuri markeri.  (Peter et al,. 1999; Silvestro et al., 

2005; Steven M. Albelda, 1994). 
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leikocit-endoTeluri ujreduli adheziuri receptorebis eqspresia da 

maTi ligandebi 
 

molekulebi pirveladi eqspresia ligandi 

seleqtinebi 

L-seleqtini polimorfulnuklearuli leikocitebi 

da limfocitebi 

CD34 Gly-CAM-1 

P-seleqtini endoTeluri ujredebi, Trombocitebi P-seleqtini 

glikoprotein 

ligandi (PSGL) 

Syalil Lewis da 

sxva 

E-seleqtini endoTeluri ujredebi Syalil Lewis da 

sxva 

integrinebi 

LFA-1  

(CD11a/CD18) 

polimorfulnuklearuli leikocitebi 

da limfocitebi 

ICAM1-ICAM2 

Mac-1  

(CD11b/CD18) 

polimorfulnuklearuli leikocitebi ICAM-1 da sxva 

VLA-4  (α4β1) eozinofilebis da limfocitebi VCAM-1, FN 

imunoglobulin-superojaxi 

ICAM-1 limfocitebi, endoTeluri ujredebi LFA1, Mac1 

ICAM-2 limfocitebi, endoTeluri ujredebi LFA1 

VCAM-1 endoTeluri ujredebi VLA4 

PECAM-1 endoTeluri ujredebi, 

polimorfulnuklearuli 

leikocitebi,limfocitebi,Trombocitebi 

PECAM, sxva 

cxrili 4 leikocit-endoTeluri ujreduli adheziuri receptorebi stiven 

albeldas Tanaxmad (Stiven M. Albelda) 
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1.5. monocitebi                                                                                

 

monociti aris adamianis sisxlis ujreduli komponenti, romelic 

leikocitebis ujredul klass ganekuTvneba. rodesac leikocitebi toveben 

mocirkulire sisxls maTgan yalibdeba makrofagebi, romelTa amocanaa 

organizmis ucxo sxeulebis ganadgureba fagocitozis gziT da SeZenili 

imunuri pasuxis gaaqtiveba antigenebis warmodgenis gziT.  TavianTi 5-20 mkm 

diametriT monocitebi leikocitebs Soris yvelaze didi ujredebia da 

leikocitaruli populaciis daaxloebiT 3-8% Seadgenen. maT gaaCniaT 

damaxasiaTebeli didi birTvi xSirad lobios marcvlis formis da 

SedarebiT mcire citoplazma. monocitebi da makrofagebi fiziologiuri 

normis pirobebSi  axdenen LDL, cximovani nivTierebaTa cvlis mniSvnelovani 

nawilis gadamuSavebas. LDL -is modificirebis SemTxvevaSi, rasac adgili 

aqvs misi proteinuli nawilis acetilirebis Sedegad, oqsidirebuli, 

modificirebuli LDL veRar gadamuSavdeba da xdeba misi leikocitaruli 

ujredis SigniT dagroveba. ase gardaqmnili monocitebi da makrofagebi 

warmoadgenen e.w. „qafian ujredebs“.  qafiani ujredebi qmnian udides 

nawils yvela cnobili aTerosklerozulad dazianebuli, e.w "Cakiruli" 

sisxlZarRvebisa. 

isini aRmocendebian sisxlZarRvis intimaSi da intima mediaSi cximebis 

Calagebis Sedegad. aseTi „cximovani folaqebi“ e.w. „fatty streaks“ SeiZleba 

sisxlZarRvis kedlis 10-50% faravdes. ase ziandeba endoTeliumi. 

gamokvlevebis safuZvelze dadginda, rom aTerosklerozuli dazianebis 

areebi Sedgeba rogorc cximiT gajerebuli makrofagebis aseve cximiT 

gajerebuli gluvi kunTovani ujredebisagan (Gimbrone M.A. , 1998). 

sisxlSi mocirkulire makrofagebi TavianT wina formaSi, rogorc 

monocitebi sisxlZarRvebis Rrma SreebSi aRweven endoTeluri Sris 

gavliT. es procesi stimulirdeba qemotaqtiluri faqtorebiT. jer kidev 

subendoTelSi adgili aqvs monocitebis cvlilebas da maT diferencirebas 

makrofagebad. iq SeuZliaT makrofagebs Cailagon lipidebi da 

qolesterineTerebi. es iwvevs qafiani ujredebis warmoqmnas. qimiurad 

modificirebuli, oqsidirebuli LDL makrofagebis mier e.w. skavenjeris 
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receptorebiT ucvlelad da koncentraciisdamiuxedavad Seiwoveba da 

Seinaxeba (Gebbers, G.O. 1998). endoTeliumis dazianebis Sedegad vlindeba 

aTerogenezis tipiuri fenomeni: intimasa da medialur SreSi monocitebis 

migracia da akumulacia, am SreebSi cximebis Calageba, qafiani ujredebis 

warmoqmna, gluvi kunTovani ujredebis proliferacia da migracia 

medialuri Sridan intimaSi. es mniSvnelovani movlenebi droTa 

ganmavlobaSi ganapirobeben qsovilebSi muxudos marcvlismagvari 

cvlilebebis ganviTarebas, romlebic cnobilia „folaqebis“ saxelwodebiT. 

kumulirebuli qafiani ujredebi da limfocitebi, daRupuli ujredebi da 

lipidebis CarTvis progresireba, iwveven dazianebis keraSi nekrozuli 

birTvis gaCenas. paralelurad sxva kunTovani ujredebi migrireben 

intimaSi da eqstracelularul matriqsTan qmnian fibrozul saxuravs. 

aseTi saxuraviT dafaruli arastabiluri folaqi ganicdis rupturas, 

sisxli da cximovani birTvis Trombogenuli masa erTmaneTs exeba da 

hemostazis sistema aqtivirdeba. folaqis ruptura da Trombis warmoqmna 

klinikurad manifestirebs arastabiluri stenokardiisa, miokardiumis 

infarqtisa da sxvaTa saxiT (Bauer J. SS 2004).  

 

1.6. Gmonocit-endoTeluri urTierTqmedebis safuZvlebi 

 

leikocitebis urTierTqmedeba vaskularul endoTeliumTan sisxlZarRvis 

anTebis regionebSi aqtivaciaze-damokidebuli adheziuri molekulebis 

saSualebiT dinamiurad regulirdeba. leikocit-endoTeluri 

urTierTqmedebis dReisaTvis arsebuli modelebi, romlebic 

mravalricxovan kvlevebs efuZneba amtkiceben, rom leikocitebis 

inicialuri SeCereba-brunvis (Rolling), stabiluri adheziis (Arrest), 

gavrcelebis (Spreading) da saboloo diapedezis procesSi seleqtinebis, 

integrinebisa da imunoglobulinis-superojaxis mravali wevri 

monawileobs.    

monocitebis adheziis adreuli kvlevebi Catarebuli kultivirebul 

endoTelur ujredebze statiur pirobebSi aCveneben, rom izolirebuli 

monocitebis bazaluri adhezia ufro maRalia neitrofilebsa da 
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limfocitebTan SedarebiT (Arnaout M.A., 1988; Bevilaqua M.P., 1987; Carlos T.M.,1990; 

Hakkert B.C., 1991; Harlan J.M., 1985; Pawlowsky N.A., 1985; Luscinskas F.W., 1991). 

faqtorebi, romlebic monocitebsa da endoTelur ujredebs aaqtiureben da 

amiT vuam-is eqspresiis matebasa da qemotaqtiluri migraciis sapasuxo 

reaqciebs iwveven, monocit-endoTelur urTierTqmedebaSi udidesi 

mniSvnelobisaa. ujredis adheziuri molekulebi da maTi regulaciis 

meqanizmebi programirebuli principiT moqmedeben da monawileoben e.w. 

leikocit-endoTelur ujredul adheziur kaskadSi (Pober J.S., 1990; Butcher E.C., 

1991; Smith C.V., 1993; Luscinskas F.W., 1989). 

endoTelis aqtivireba iseTi faqtorebiT, rogorebicaa   TNFα, IL-1, LPS 

ganapirobebs monocitebis adheziis 2-5-jer gazrdas. adheziuri kaskadis 

pirvel etaps warmoadgens xanmokle da Seqcevadi adheziuri movlena, 

romelic monocitebis pirvel mcire Sexebas ganapirobebs endoTeliumis 

zedapirTan. am etapze endoTeluri P- da E- seleqtinebi da naxSirwylovani 

ligandebi ukavSirdebian leikocitebs. leikocitebis integrini  VLA-4 

urTierTqmedebs VCAM-1-Tan, romelic eqspresirdeba endoTeliumis mier. es 

sawyisi nabiji iwvevs mocirkulire ujredebis sisxlZarRvis kedelze e.w. 

"SeCereba-brunvas" "Rolling". am moZraobas mosdevs Semdegi swrafi movlena 

adheziis mateba da leikocitebis SeCereba. qemoatraqtiluri proteinebi, 

romlebic gamomuSavdeba qsovilebis mier an endoTeliumis zedapirze 

eqspresirdeba atareben sxvadasxva signalebs, romelTa saSualebiTac 

integrinebis adheziuri unari aqtivirdeba. imunoglobulin-superojaxis 

wevrebi VCAM-1 da ICAM-1 ganapirobeben monocitebis myar adhezias. finalur 

etapze adgili aqvs qemotaqsiss da monocitebis transmigracias 

endoTeluri Sris gavliT qsovilSi. imunoglobulinebis-superojaxis sxva 

wevri PECAM-1 ki aris saWiro monocitebis Semdgomi transmigraciisaTvis 

(Nakashima Y., 1998; Luscinskas F.W., 1994).  
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suraTi 2 leikocit-endoTeluri urTierTqmedeba (modificirebulia k.lei-s 

„leikocitebis adheziuri kaskadis“Tanaxmad, 1999) 

 

 

1.7. DcitoConCxis SeboWvis mniSvneloba  

 

cotoConCxi aris ujredis kompleqsuri, dinamiuri, funqciurad 

mniSvnelovani struqtura. igi Sedgeba proteinebisagan, romlebic 

mTlianobaSi sam did sistemas qmnian: aqtinfilamentebi, intermedialuri 

filamentebi da mikrotubulebi  (Sabatini et al., 1963 J.Cell Biol.; Ishikawa et al., 1968 J. 

Cell Biol.). citoConCxi pasuxismgebelia ujredis elastiurobasa da meqanikur 

stabilurobaze, ujredis rogorc erTi mTlianis moZraobaze da mis 

garegan formaze, gansakuTrebiT mniSvnelovania misi roli ujredis 

dayofis procesSi, aseve garegani signalebis aRqmaSi da Semdgom maTi 

ujredSigniT gadacemaSi.   

ujredebis adheziisaTvis sxva ujredebze an eqstracelulur matriqsze 

umniSvnelovanesia zedapiruli receptorebis citoplazmuri nawilis 



40 

 

SeboWva. integriniT ganpirobebuli adheziis Seswavlisas dadginda, rom 

gareTa domeni eqstraceluluri matriqsis nawils ukavSireba, maSin 

rodesac paralelurad citoplazmuri nawili boWkoebis aqtinfilamentebs 

gadaeWdoba. citoplazmuri nawili ukavSirdeba talins. is ki Tavis mxriv 

ukavSirdeba vinkulins. es struqturuli proteini mdebareobs aqtinTan 

erTad da SeWidulia aqtinfilamentTan (Burridge&Chrzanowska-Wodnicka, 1996). 

LFA-1-is cdebSi   miRweul iqna citoConCxis fibrilebis citoqalazin D-is 

saSualebiT darRvevis Sedegad LFA-1 ganpirobebuli leikocitebis adheziis 

cvlileba (Peter&O’Toole, 1995; Kaapa A, Peter K, 1999).  

ujredis zedapiruli receptoris Sidaujreduli nawilis da ujredis 

citoConCxis urTierTqmedeba mniSvnelovani Seswavlis sagania. 

gamokvlevebiT dadginda, rom zedapiruli receptori, romelic ujredze 

warmodgenilia citoConCxTan kontaqtis gareSe savaraudod ver SeZlebs 

Tavisi adheziuri funqciis ganxorcielebas. aqedan gamomdinare SesaZloa 

citoConCxis SeboWvis daTrgunva monocitebis endoTelze adheziis 

inhibiciis procesSi mniSvnelovani komponenti iyos. es koncefcia 

gamoklveul iqna konkurentuli xsnadi proteinebis saSualebiT (S.Marheineke 

2002). adheziuri molekulebis aseTi blokada aTerosklerozis 

mkurnalobaSi axali Terapiuli formebis ganviTarebis SesaZleblobas 

qmnis.  
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2. masala da meTodebi 

mocemuli Sromis farglebSi in vitro eqperimentebi Catarebul iqna  qalaq 

freiburgis sauniversiteto klinikis angiologiisa da kardiologiis 

ganyofilebis bazaze. 

 

2.1. CD7/VCAM-1  

 

qalaq freiburgis (germania), sauniversiteto klinikis angiologiisa da 

kardiologiis ganyofilebis klinikur laboratoriaSi gamosakvlevad 

mzadyofnaSi arsebobda xsnadi proteini CD7/VCAM-1, moTavsebuli veqtor 

pTR-UF5 (Invitrogen) adenovirusSi. xsnadi proteini CD7/VCAM-1 Sedgeba CD7 da 

VCAM-1. maTi fuzionirebisaTvis winare kvlevebSi (S.Marheineke 2002) 

Catarebul iqna sxvadasxva xelaxali klonireba. CD7 daiyo Xho I saSualebiT 

ise, rom sabolood eqstraceluluri da transmembranuli domenebis 

makodirebeli sekvenci iqna miRebuli. geni EcoR I da Xho I saSualebiT ise 

gamoiyo, rom mxolod genis citoplazmuri domenis makodirebeli nawili 

iqna miRebuli. sabolood Catarda orive nawilis ligireba veqtor pcDNA1-

Si mza xsnadi molekula CD7/VCAM-1 Xho I saSualebiT xelaxla gamoiyo. 

PCR–is gamoyenebiT saWiro praimeris damatebiT Wris adgili Hind III igive 

Mlu I iqna Sevsebuli, ramac SesaZlebeli gaxada, rom misi klonireba pZeoSV 

(Invitrogen) veqtorSi ganxorcielebuliyo. damatebiTi gadaklonirebebi gaxda 

saWiro, raTa AV veqtoris pTR-UF5 adeqvaturi Wris adgili mieRoT 

(S.Marheineke 2002).  

rekombinanturi  E1/E3-deletirebuli adamianis adenovirusi warmoadgens 

adenovirusebis serotip 5.  virusebi pJM17/pAdRSV sistemis daxmarebiT iqna 

miRebuli. maTi gamravleba HEK 293-Zellen-Si ganxorcielda (ProCorde).   

xsnadi konstruqti mogvianebiT veqtor pZeoSV2(+)  (Invitrogen) da 

adenovirusul veqtor pTR-UF5 subklonirda.xolo finaluri konstruqti 

miRebul iqna sekvencirebis gziT. 

CD7 gamoyeneba rogorc eqstraceluluri markerisa kargad aprobirebuli 

meTodia  (Aruffo& Seed, 1987; Lee, 1997). adamianis CD7 SedarebiT patara (40 kDa) 

membranuli molekulaa da ekuTvnis imunoglobulin superojaxs  (Eisenbarth 
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et al., 1980). mwife  T-ujredebTan da bunebriv kilerebTan erTad  (Barcena et al., 

1993;Rabinowich et al., 1994) igi eqspresirebulia aseve B -ujredebze an 

mieloidebis winamorbed ujredebze maT TimusSi SeRwevamde (Haynes et al., 

1980; Vodinelich et al., 1983) da xSirad klinikur diagnostikaSi markeradაც 

gamoiyeneba limfoiduri  T-ujreduli leikemiis SemTxvevaSi (Haynes et al., 

1981). Tumca bolomde ucnobia am membranuli molekulis roli imunur 

pasuxSi. amasTanave arsebobs varaudi, rom igi am ujredebis citokinebis 

produqcias aregulirebs (Heinly etal., 2001). aRniSnuli molekula ar 

monawileobs e.w.'"outside-in-signaling" procesSi. igi rogorc eqstraceluluri 

markeri gamoyenebul iqna im upiratesobiT, rom mas ar SeeZlo specifiuri 

ligandebis SekavSireba. es faqti swored rom saWiro iyo qvemoTaRwerili 

cdebis Casatareblad. aq ganxiluli Tvisebebis gamo  CD7 urTierTqmedeba 

sxva zedapirul molekulebTan mosalodneli ar iyo da gamdinare 

citometriaSi mcdari interpretaciis albaTobaს gamoricxavda vinaidan 

natiuri ujredebi CHO, HUVEC, HMEC1 da monocitebi ar iyvnen Sesabamis 

mdgomareobaSi raTa anti-CD7 SeekavSirebinaT. yovelive zemoTaRniSnulis 

gamo CD7 gamoyeneba gare markerad savsebiT gamarTlebuli iyo.    

 GFP –adenoviraluri veqtori gamoyenebuli iyo rogorc dadebiTi 

kontroli.  

 

adenoviraluri konstruqtis daxasiaTeba (ProCorde). 
 

pR275 (GFP) 

 
pR658 (GFP) pR274 (VCAM7CD7) 

3,7*10
9
 PFU/ml 1,0*10

10
 PFU/ml 

2,1*10
9
 PFU/ml 

 

3,7*10
11

 VP/ml 1,0*10
12

 VP/ml 
3,7*10

11
 VP/ml 

 

VP/PFU    100 VP/PFU    101,20 
VP/PFU     100 

 

OD 0, 73 OD 0, 74 
OD 0, 71 

 

cxrili 5 PFU – Plaque Forming Units; VP – Viral Particles; OD – Optical Density 260nm/280nm. 
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marheinekes namuSevarSi naCvenebi iqna, rom intraceluluri domeni 

intaqturi receptoris citoConCxTan bmis adgilebSi konkurirebs da amiT 

endoTelur ujredebze monocitebis adhezias ainhibirebs (S.Marheineke 2002). 

citoConCxis daTrgunva SesaZloa gaxdes erTerTi mniSvnelovani Terapiuli 

strategia VCAM-1 funqciuri blokadisaTvis. citoConCxTan zedapiruli 

molekulis kontaqtis gareSe adheziuri funqciis Sesruleba SeuZlebeli 

iqneboda. mravaljer iqna dadasturebuli, rom endoTelur receptorebs 

Soris, romlebic qronikuli anTebiTi procesebis dros endoTelSi 

leikocitebis mizidvis procesSi monawileoben VCAM-1  yvelaze 

mniSvnelovania (Klaus L.2001, I.Cybulsky, 2001, Endres M. 1997, O’Brien KD 1996, Peter K 

1997). CD7/VCAM-1 is saSualebiT VCAM-1 is funqciuri inaqtivireba 

vaskularul endoTelze monocitebis adheziis inhibiciis realuri 

SesaZleblobaa. marheinekes naSromSi sxva gamokvlevebs Soris aRwerilia 

funqciuri cdebic (S.Marheineke 2002). CD7/VCAM1-is moqmedeba gamokvleul 

iqna transficirebul transgenur ujredebSi. am gamokvlevebis dadebiTi 

Sedegebi transgenur ujredul kulturebze gaxda safuZveli aRniSnuli 

xsnadi proteinis Semdgomi kvlevisa adamianis endoTeluri ujreduli 

kulturis modelze.  

 

 

2.2. ujredul kulturebSi Catarebuli samuSaoebi 

 

2.2.1. HMEC-1 kultura 

vaskuluri endoTeluri ujredebi mdebareoben sisxlZarRvis kedelze misi 

sanaTuris mxares da urTierTqmedeben sisxlsa da qsovils Soris, amiT 

isini gadamwyvet rols TamaSoben mraval mniSvnelovan fiziologiur da 

paTologiur procesSi (Cines et al., 1998; Kirkpatrick et al., 1996). adamianis 

endoTeluri ujredebis gamoyenebam in vitro ujreduli kulturis sistemebSi 

SesaZlo gaxada anTebis, angiogenezis, Wrilobis Sexorcebis, 

aTerosklerozis da sxva eqsperimentuli modelis Catareba. endoTeluri 

ujredebis izolaciisa da kultivirebis meTodebi SemuSavebuli iqna 

endoTeluri ujredebis sxvadasxva formebze. mikrovaskuluri endoTeluri 
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ujredebi miRebul iqnen sxvadasxva wyarodan rogorebicaa mag. zurgis 

tvini, placenta, filtvebi da Tavis tvini.  (Dye et al., 2001; Hewett and Murray, 

1993; Lamszus et al., 1999; Jinga et al., 2000). Tumca pirveladi ujreduli 

kulturebis gamoyenebas aqvs mravali nakli, rogoricaa mag. sicocxlis 

unaris progresuli kargva, endoTeluri markerebis Secvlili eqspresia da 

sxva.  amitomac aris gansakuTrebiT mniSvnelovani ujredebis kultivirebis 

procesSi yvela am naklis gaTvaliswineba. Catarebul iqna kvlevebi, 

romelTa farglebSi erTmaneTs Seadares sxvadasxva endoTeluri 

kulturebi  (Hewett and Murray, 1993; Lamszus et al., 1999, Springhorn JP. 1995, Van 

Leeuwen EB. 2000, Müller AM. 1999, Boyer M. 2000, Hewett PW. 1993). gansakuTrebiT 

sainteresoa monacemebi ungeris kvlevisa (Ronald E.Unger, 2002). Semdegi 

endoTeluri ujredebi gamoikvlies:  HMEC-1, HUVEC, HFMEC, EAhy926, ECV 304, 

EVLC2, HAEND, HPMEC-STI6R, ISO-HAS-1. maTgan mxolod kulturebma EAhy926, 

HMEC-1, HPMEC-STI6R, ISO-HAS-1 saukeTesod daadastures pirveladi 

endoTeluri ujreduli fenotipi.  

am naSromSi gamoyenebul iqna HMEC-1 endoTeluri ujredebis kultura.   

HMEC-ujredebi warmoadgenen imortalizebul endoTelur ujredebs. 

ujredebi kulturaSi imyofebian ukve aqtivirebul, anTebiT mdgomareobaSi.   

endoTeluri ujredebis tipis gansazRvris sakmaod farTod gamoyenebuli 

kriteriumi aris adheziuri molekulebis (ICAM-1, VCAM-1 und E-Selektin) da 

citokinebis eqspresia. rodesac adgili aqvs ujredebis proinflamatoruli 

stimulebiT stimulirebas endoTeluri ujredebis pasuxi iseTivea rogorc 

in vivo  aRmocenebuli. ujredis adheziuri proteinebis eqspresiis 

mdgomareobis cvlileba aris umniSvnelovanesi da kritikuli anTebis 

kerebSi leikocitebis mizidvis procesSi, leikocitebis adheziisaTvis da 

maTi transendoTeluri migraciisaTvis (Madri et al. 1996). HMEC-1 ujreduli 

kultura aris endoTeluri ujredebis kultura, romelic stimulaciis 

Semdeg citokinebisa da adheziuri proteinebis eqspresiis matebas asaxavs 

(Ronald E. Unger, 2002, Davies M.J. 1993, Li H. 1993, die Arbeit von K.Moritz 2004, Edwin W. 

Ades 1992).  

swored amitom Cveni kvlevebisaTvis SevarCieT zemoTaRwerili endoTeluri 

ujreduli kultura.  
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2.2.2. Kujredebis kultivireba 

 

HMEC-1 ujreduli kulturis kultivireba xdeboda ujreduli kulturis 

sinjarebSi. sinjarebis fskerze adherirebuli ujredebi  37°C da 5% CO2 

pirobebSi qmnian erTian fenas e.w. „Monolayer“. sxvadasxva ujredebi avlenen 

zrdis sxvadasxva Tvisebebs. ujredebis kultivirebisaTvis aucilebelia 

maTi codna da ujredebisaTvis Sesabamisi saarsebo pirobebis Seqmna. 

sxvadasxva ujreduli kulturisTvis arsebobs uamravi sxvadasxva 

sinTezuri Txevadi garemo e.w „Medium“.  HMEC-1 ujredebis kultivirebas 

vaxdendiT  MCBD131 mediumSi. mediumis gamocvla mimdinareobda 

yovelkvireulad. mediumi ujredis kulturis sinjaraSi faravda TviT 

ujredul kulturas. ujredebis sakvebi nivTierebebi mediumidan TandaTan 

ixarjeba. ujredebs sWirdebaT sistematiuri movla, sxva SemTxvevaSi 

arsebobs saSiSroeba, rom isini zedmetad gaizrdebian, rac xels SeuSlis 

eqsperimentuli pirobebis Seqmnas.  

vaxdendiT mediumis amoRebas, ujredebis recxvas erTxel  PBS da maTze 

trifsinis damatebas Trypsin/EDTA, raTa ujredebis fskeridan mocilebis 

procesi dawyebuliyo. proteaza trifsini axdens ujredebis Sris 

nawilobriv rRvevas, rac axdens sinjaris zedapirsa da ujredis membranas 

Soris urTierTkavSiris gawyvetas da ujredebi sinjaris zedapirs 

uvneblad scildeba. PBS-iT ujredebis garecxva aucilebelia, raTa 

mediumSi arsebuli FCS Camoirecxos, radgan mas enzimis inaqtivacia 

SeuZlia. 3-5 wuTSi trifsini  37°C-ze sinjaris fskeridan ganacalkevebda 

TiTqmis yvela ujreds.   HMEC-1 –ze mediumis damatebiT trifsini 

neitraldeboda da mTliani ujreduli xsnaridan mxolod 1/10 rCeboda 

sinjaraSi Semdgomi kultivirebisaTvis. ujreduli kulturis sinjara 

HMEC-1  mediumiT garkveul moculobamde ivseboda da Semdgomi 

kultivirebisaTvis inkubatorSi inaxeboda.   
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ujreduli kulturis mediumi 

HMEC-1 ujreduli kulturis mediumi:  

 MCDB 131(1x) L-glutamini 500ml Gibco, Art.Nr.10372-019 

 50ml FCS (10%) PAA, Gold, A15-649 

 250μl EGF (epidermaluri zrdis 

faqtori, 5μg/500ml) 

BD, Art.Nr354052 

 25ml L-glutamini 200mM, 5mM/500ml 

 5ml antibiotiki/antimikozuri 

xsnari, 100x (1%) 

Gibco, 25030-024 

Sigma, A-5955 

mediumit 2% FCS -iT HMEC-1-Tvis  

 

ujreduli kultura: 

 

 MCDB 131(1x) L-glutaminis 

gareSe 500ml 

Gibco, Art.Nr.10372-019 

 2% FCS, Hi PAA, Gold, A15-649 

 250μl EGF (epidermaluri 

zrdis faqtori, 5μg/500ml) 

BD, Art.Nr354052 

 hidrokortizoni 1μg/500ml Sigma, H-0888 

 L-glutamini 200mM, 

5mM/500ml 

Gibco, 25030-024 

 antibiotiki/antimikozuri 

xsnari, 100x (1%) 

Sigma, A-5955 

 

 

mediumi FCS -is gareSe HMEC-1 ujreduli 

kulturisaTvis: 

 

 

 MCDB 131(1x) L-glutaminis 

gareSe 500ml 

Gibco, Art.Nr.10372-019 

 250μl EGF (epidermaluri zrdis 

faqtori, 5μg/500ml) 

BD, Art.Nr354052 

 hidrokortizoni 1μg/500ml Sigma, H-0888 
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 L-glutamini 200mM, 5mM/500ml Gibco, 25030-024 

 antibiotiki/antimikozuri 

xsnari, 100x (1%) 

Sigma, A-5955 

 

ujreduli kultivirebis masala 

175 cm
2 ujreduli kulturis 

sinjara 

Nuclon Surface, NUNC GmbH, Wiesbaden, 

175 cm
2 

culture area #178883 

25cm
2 ujreduli kulturis sinjara Nuclon Surface, NUNC GmbH, Wiesbaden, 

25cm
2 

culture area #136196 

PBS (Ca
2+

/ Mg
2+

) Dulbecco’s PBS (Ca
2+

/ Mg
2+

), CELL 

CONCEPTS, Umkirch, Deutschland, #B-

L0500-1 

Trypsin/EDTA       BIO WHITTAKER, Belgien, #BE17-   

      161E 

ujredebis asafxeki 25cm       Corning BV, Schiphol-Rijk, 50002421 

 

 

2.2.3. Aujredebis gamolRoba da gayinva 

 

xangrZlivi kvlevebis SemTxvevaSi SeuZlebelia muSaoba ujredebis 

konservirebis gareSe, raTa kontaminaciis SemTxvevaSi SegveZlos 

rezervebis gamoyeneba. garda amisa bevri pasaJis SemTxvevaSi arsebobs 

saSiSroeba, rom moxdes ujredebis diferencireba. im SemTxvevaSic ki Tu 

ujredebs mudmivad ar viyenebT SesaZloa maTi didi xniT specialur 

kriosinjaraSi Sesabamisi DMSO mediumiT -80°C Txevad azotSi gayinva. 

ujredebis gasalRobad kriosinjaras vaTavsebdiT 37°C wylis abazanaSi. 

rogorc ki ujredebi gamolRveboda maT gadavitandiT ujredebis kulturis 

sinjaraSi. am sinjaraSi momzadebuli iyo 24ml Tbili lRobis specialuri 

mediumi (normaluri HMEC-1 kulturis mediumi seleqciis mdgomareobis 

gareSe da  20% FCS). ujredebi inkubirdebodnen inkubatorSi 24 saaTis 

ganmavlobaSi. ujredisaTvis saziano DMSO gasayini mediumis mosaSoreblad, 

Zveli mediumi Canacvldeboda normaluri ujreduli kulturis mediumiT 

da ujredebis kultivireba grZeldeboda Cveulebriv.  



48 

 

ujredebis gasayinad maT gamovyofdiT ujreduli kulturidan da 8 wuTi 

1000rpm davacentrifugebdiT. naleqs 3ml gasayin mediumSi vxsnidiT. 

ujreduli kulturis yoveli 1 ml-s gadavanawilebdiT 3 kriosinjaraSi. 

sinjarebi inaxeboda  -80°C sayinuleSi.  24 saaTis Semdeg ki ujredebi 

xangrZlivi SenaxvisaTvis gadatanil iyvnen Txevad azotSi.   

Cryo gasayini sinjara 

(kriosinjarebi) 

Greiner bio-one GmbH Frickenhausen, 

Deutschland, #126280 

gasayini mediumi Cell Culture Freezing Medium, Gibco BRL, 

USA, #11101-011 

rezervuari Nalgene Cryo Freezing Container,  

#5100-0001 

 

2.2.4. HMEC-1 ujredebis stimulacia 

 

HMEC-1 ujredebi unda stimulirdebodnen yoveli cdis win 48 saaTiT adre  

75cm
 2

 plastikur ujreduli kulturis sinjaraSi. ujredebis stimulacia 

Semdegnairad xorcieldeboda: rodesac ujredebi 80% simWidroviT 

gaizrdebodnen Zvel mediums gadavaqcevdiT. Semdeg ujredebi  PBS 

irecxebodnen mediumis narCenebis mosacileblad. ujredebi daifarebodnen 

2%FCS mediumiT xolo maTi stimulaciisaTvis viyenebdiT or sxvadasxva 

stimultors (IL1β da TNFα), sxvadasxva sinjaraSi  166ng/ml IL1β da 100ng/ml 

TNFα vumatebdiT. ujredebi 2 saaTis ganmavlobaSi inkubatorSi  37ºC 

inkubirdebodnen. am drois Semdeg Zvel mediums vacilebdiT. ujredebs 

vrecxavdiT  PBS-Si da Tu maTi Semdgomi CD7/VCAM-1-transfeqcia gvsurda 

maT davfaravdiT mediumiT FCS  gareSe da davamatebdiT  CD7/VCAM-1. sxva 

SemTxvevaSi ujreduli kulturis sinjarebi ivseboda  2% FCS Semcveli 

mediumiT da inkubirdeboda.  FACS-Si an gamdinare kameraSi gamokvlevisaTvis 

HMEC-1ujredebs sWirdebodaT 48 saaTSi Sesabamisi damuSaveba. 

IL1ß R&D System GmbH, Wiesbaden,  

#201-LB-005 

 

TNFα Sigma, T6674 -10UG 
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2.2.5.  HMEC-1 ujredebis transfeqcia 

 

transficirebul iqnen rogorc citokinebiT stimulirebuli aseve 

arastimulirebuli HMEC-1 ujredebi. transfeqcia tardeboda 

stimulaciidan 2 saaTis Semdeg (stimulacia 2 saaTis ganmavlobaSi 2% FCS 

stimulatorebis Semcveli mediumiT) pirvel rigSi ujredebi 

ganTavisufldebodnen Zveli mediumisa da narCenebisagan, gairecxebodnen  

PBS da daifarebodnen FCS Semcveli mediumiT. am droisaTvis 

xorcieldeboda endoTeluri ujredebis transfeqcia  CD7/VCAM-1 

konstruqtis saSualebiT. CD7/VCAM-1 konstruqti emateboda HMEC-1 

ujreduli kulturis mediums FCS-is gareSe. rogorc dadebiTi kontroli 

paralelurad tardeboda endoTeluri ujredebis GFP-adenoviraluri 

veqtoriT transfeqcia. 2 saaTis ganmavlobaSi inkubirdebodnen 

transficirebuli da aratransficirebuli aseve stimulirebuli da 

arastimulirebuli ujredebi  37ºC inkubatorSi. mogvianebiT Zveli mediumi 

mocildeboda da  PBS-iT recxvis Semdeg 2% FCS Semcveli mediumiT 

daifarebodnen da inkubatorSi Seinaxebodnen. Semdgomi  FACS / Flow Chamber-

gamokvlevebisaTvis ujredebi Sesabamisad muSavdebodnen.  

 

pR274 (CD7/VCAM1)  CD7/VCAM1 Adenoviren, 2,1*10
9 PFU/ml, 

Procorde GmbH, Martinsried, Deutschland 

 

pR658 (GFP)             

 

GFP, Adenoviren 1,0*10
10 PFU/ml, 

Procorde GmbH, Martinsried, Deutschland 
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2.3. Dgamdinare citometria (FACS) 

 

2.3.1. Azogadi momoxilva 

gamdinare cotometria igive  FACS (Fluorescence Activated Cell Sorting) aris 

zedapiruli molekulebisa da intraceluluri proteinebis raodenobrivi 

da xarisxobrivi Sefasebis meTodi. ujredebis identificireba im 

antigenebis sawinaaRmdego antisxeulebis saSualebiT, romlebsac es 

ujredebi aeqspresireben cnobilia imunofenotipirebis saxeliT. am 

gamokvlevis safuZveli antigen-antisxeulis reaqciaa, romelic 

xorcieldeba fluorescenciis mqone nivTierebiT markirebuli 

antisxeulebis saSualebiT. es antigenebi realurad membranis funqciuri 

proteinebia, romlebic ujredul komunikaciaSi, adheziasa an metabolizmSi 

monawileoben. gamdinare citometrias rogorc gamokvlevis meTods farTod 

mimarTaven rogorc findamentur kvlevebSi aseve klinikur diagnostikaSi. 

 

  Ggamdinare cotometriis ZiriTadi principebi 

Txevadi teqnika 

 ujredebi warmodgenilia Txevadi 

xsnaris saxiT 

 ujredebi miedineba erTmaneTis 

mimdevrobiT… 

optika 

 iluminirebuli sivrcis gavliT ise, 

rom ... 

 ganabneven sinaTles da imitireben 

fluorescencias  

xdeba orives Segroveba, gafiltvra da ...  

eleqtronika 

 digitalur MmaCveneblebad gardaqmna  … 

 romlebic damaxsovrebul iqneba 

kompiuterSi 

 

cxrili 6: gamdinare citometriuli kvlevis principebi robinsonis 

mixedviT (J.P. Robinson).  
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am teqnikiT ikvleven ujredis an sxva nawilakebis Tvisebebs maSin, roca 

ujredebi erTimeores miyolebiT sazom kameraSi gaedineba. aucilebeli 

pirobaa, rom ujredebi xsnarSi gancalkevebulad iyvnen warmodgenili. 

Sedegebi efuZneba TiToeuli ujredis mravali fizikuri da bioqimiuri 

parametris erTdroul Sefasebas. izomeba Semdegi maCveneblebi: ujredis 

zoma (Forward Scatter-FSC), granularoba igive ujredis Sida struqtura (Side 

Scatter- SSC) da fluorescenciis intensivoba (FL1, FL2, FL3 und FL4).  

gamosaklvevi ujredebi gadinebis dros gverdidan lazeriT sxivdeba. sanam 

lazeris sxivi Seuferxeblad gaivlis anu mas winaaRmdegoba ar xvdeba 

(mag.ujrdis saxiT), gabneuli sinaTle ar aRmocendeba. xolo rodesac 

ujredi sapirispirod sxivs gadalaxavs sinaTle sxvadasxva mimarTulebiT 

gaibneva. lazeruli sxivis wina mimarTulebiT gabneuli sinaTle  iZleva 

informacias ujredis sididis Sesaxeb. xolo lazeruli sxividan 

daaxloebiT 90° kuTxiT aRmocenebuli gabneuli sinaTle damokidebulia 

rogorc ujredis zomaze, aseve ujredis granularobaze.  mecnierebsa da 

eqimebs uzarmazar informacias awvdis TiToeuli ujredisa da ujreduli 

populaciis Sesaxeb antisxeulebze, ujredebze, mikroorganizmebsa da 

mikroskopul nawilakebze mcire mofluorescencire nawilakebis 

dakavSireba. gansakuTrebiT xSirad gamoiyeneba  FACS-Si fluoroqromiT 

moniSnuli antisxeulebi. 

 

  a)                                                         b) 

                             

 

 

suraTi 3 a) fluoroqromTan koniugirebuli antisxeuli b) fluoroqromiT 

koniugirebul antisxeulTan SekavSirebuli ujredi 
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Sesabamisi fluoroqromiT moniSnuli nawilakebis sinaTlis sxivTan 

kontaqtisas aRmocendeba sxvadasxva intensivobis optikuri signalebi. 

garkveuli sigrZis sinaTlis sxivis emisia specifiuria TiToeuli 

fluoroqromisaTvis. lazerpulsis Semdeg eleqtronebi kvlav iyofian 

energiis mocilebis fonze (fotonebis formiT) TavianT sawyis donemde. 

emitirebuli fotonebis koncentracia, romelic fotodeteqtoris mier 

registrirdeba, moqmedebs mibmuli antisxeulis/ujredis raodenobis 

proporciulad. FACS-gazomva erTdroulad ramdenime sxvadasxva 

fluorescenc nivTierebis saSualebiT SesaZlebelia, radgan gamoyenebuli 

nivTierebebidan fotonebis emisia saerTo talRis sigrZes aviTarebs. 

TiToeuls aqvs konkretuli,  gansxvavebuli damaxasiaTebeli emisiis unari. 

Tu cnobilia mofluorescencire nivTierebis emisiuri Tvisebebi, SesaZloa 

iseTi fluoroqromebis amorCeva, romelic calkeuli gamdinare 

citometrisaTvis aris optimalurad gansazRvruli.  

 

fluoroqromebi imunofenotipirebisaTvis:  

fluoroqromi stimulaciis piki  

(nm) 

 

emisiis piki (nm) 

 

lazeruli 

talRis sigrZe  

(nm) 

 

AMCA 
345 

 

440 

 

334-364, 351-

356 

 

Alexa 350 
350 

 

445 

 

334-364, 351-

356 

 

Marina blue 
365 

 

460 

 

334-364, 351-356, 

405, 407 

 

Per-CP 490 

 

670 

 

488 

 

FITC 495 

 

520 

 

488 

 

PE-Cy5 565 

 

670 

 

488, 514 

 

PE 565 

 

575 

 

488, 514, 568 
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Alexa 594 594 

 
620 568 

APC-Cy7 650 

 

770 

 

633, 635, 647 

 

Alexa 700 700 

 

720 

 

633, 635, 647 

 

Pacific blue 405 

 

455 

 

405, 407 

 

cxrili  7  (Shapiro HM.) 

FACS-gamokvlevebisaTvis am naSromSi gamoyenebul iqna Semdegi ori 

fluoroqromi:  

FITC – Fluorescinisothiocyanate ekuTvnis fluorescencproteinebs, romlebic 

maqsimalurad 492 nm aviTareben. misi naklia sinaTlis zemoqmedebiT misi 

swrafi daSla da misi SezRuduli moqmedeba mJave garemoSi. PE – R-

Phycoerythrin ekuTvnis fikobiliproteinebis ojaxs, romlebic moipoveba 

cianobaqteriebsa da eukarialur mcenareebSi. misi molekuluri masaa 240 

000Da da absorbciis maqsimebia - 480, 546 da 565 nm, xolo argonis lazeris 

gamoyenebiT 488 nm.  PE-koniugatebs aqvT Zalian maRali sensitivoba da arian 

SedarebiT nakleb mgrZnobiareni  pH-isa da ionuri moculobis mimarT  

(Haugland RP 2002. Shapiro HM. 2003). 

sinaTlis signalis intensivoba TiToeuli parametrisaTvis gardaiqmneba 

eleqtronul signalad. gamdinare citometris optikur da eleqtrul 

sistemebSi yvela signali Segrovdeba da analizirdeba. Sedegebia 

arCevisamebr histograma, e.w. Dot Plot, Contour Plot da sxva.  

am naSromSi gamoyenebuli iqna gamdinare citometri FACS Calibur (Becton 

Dickinson, Heidelberg, Deutschland) sinaTlis wyaros saxiT lazerma yvelaze 

farTo gamoyeneba hpova gamdinare citometriaSi. danadgari Seicavs argonis 

lazers emisiuri xaziT  488 nm.  

winare kvlevebSi Catarda aparatis ZiriTadi parametrebis   endoTeluri 

ujredebis gasazom monacemebze (ujredis zomis, granularobis, 

fluorescenciis intensivobis) analizisaTvis morgeba. Dot Plot-ebze yoveli 

gazomvisas amonarCev ujredul populacias moergom e.w. „Gate“  (igive 

gazomvis fanjara)  raTa moniSnuli ujreduli populaciis Sefaseba 

ganxorcielebuliyo. agreTve daRupuli ujredebis da ujreduli 
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nawilakebis Semosafarglad daedo Semomfarglavi fanjara, raTa ufro 

mkafiod gansazRvruliyo endoTeluri ujredebis populacia. TiToeul 

gazomvaze 1 x 10
4
  ujredis monacemebis Cawera moxda pirdapir SeerTebuli 

kamerisa da kompiuteruli programebis saSualebiT. monacemTa 

gasaanalizeblad gamoyenebul iqna specialuri programa Softwareprogramm  

CellQuestPro,  Becton Dickinson.  

 

2.3.2. Pujredebis momzadeba receptorebis eqspresiis Sesafaseblad  FACS-Si 

 

FACS-eqsperimentebisaTvis Semdegi  HMEC-1 ujredebi momzadda:  HMEC-1 

ujredebi stimulaciisa da transfeqciis gareSe, HMEC-1 ujredebi IL1ß 

stimulaciiT, HMEC-1 ujredebi TNFα stimulaciiT da  CD7/VCAM-1 veqtoriT 

transficirebuli HMEC-1 ujredebi.  HMEC-1 ujredebis stimulacia (IL1ß- da 

TNFα-stimulatorebis gamoyenebiT) ganxorcielda zemoT aRwerili 

meTodikis Tanaxmad (ixileT 2.2.4.). HMEC-1 ujredebis transfeqcia 

detalurad ganxiluli iqna  2.2.5. TavSi. yvela ujreduli kulturis 

Semcveli rezervuari FACS-gamokvlevamde 48 saaTis ganmavlobaSi 

inkubatorSi imyofeboda 37°C pirobebSi. endoTeluri ujredebi msgavs 

fizikalur da qimiur pirobebSi unda kultivirebuliyvnen raTa 

stimulaciisa da transfeqciis efeqtis Sefaseba yofiliyo SesaZlebeli. 

transfeqciisaTvis gankuTvnili ujreduli kulturis SemTxvevaSi 

gamoyenebul iqna CD7/VCAM-1 da GFP adenoviraluri veqtorebi. garda amisa 

mxolod gamdinare citomeriul kvlevebSi iqna  Sefasebuli CD7/VCAM-

1konstruqtis sxvadasxva koncentraciiT ujreduli kulturis 

transfeqciis efeqti, kerZod ki 0.003μl/ml, 0.016μl/ml, 0.03μl/ml, 0.1μl/ml, 0.16μl/ml, 

0.33μl/ml xsnadi proteinis gamoyenebiT. amiT SesaZlo gaxda iseTi xsnadi 

proteinis koncentracia SegverCia, romelic VCAM1 eqspresiaze yvelaze 

Zlier zemoqmedebas moaxdenda. FACS-Si eqspresiis Sefasebamde ujredebi 

erxel PBS gairecxa. yvela ujredis (stimulirebulis, arastimulirebulis, 

transficirebulis, aratransficirebulis) rezervuaris fskeridan 

mosacileblad ujredebi  Trypsin/EDTA damuSavda. 3-5 wuTSi trifsinis 

zemoqmedebiT 37°C inkubatorSi fskers mocilda yvela ujredi.  2 % FCS –is 
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Semcveli  HMEC-1 mediumiT trifsini inaqtivirda. aseTnairad miviReT 

Semdegi HMEC-1 ujredebi: HMEC-1 ujredebi stimulaciisa da transfeqciis 

gareSe,  HMEC-1 ujredebi IL1ß stimulaciiT, HMEC-1 ujredebi TNFα 

stimulaciiT da HMEC-1 ujredebi CD7/VCAM-1 adenoviraluri veqtoris 

transfeqciiT da HMEC-1 ujredebi GFP transfeqciiT.  

 

 

ujreduli kulturis sinjara Nunclon Surface, NUNC GmbH, 

Wiesbaden, 175 cm
2 

culture area #178883 

PBS (Ca
2+

/ Mg
2+

) Dulbecco’s PBS (Ca
2+

/ Mg
2+

),  

CELL CONCEPTS,  

Umkirch, Deutschland, #B-L0500-1 

pR274 (CD7/VCAM-1)  CD7/VCAM-1 Adenoviren, 2,1*10
9 

PFU/ml, Procorde GmbH, Martinsried, 

Deutschland 

0% mediumi HMEC-1 ujreduli 

kulturisTvis: 

Siehe 2.2.2. 

2% mediumi HMEC-1 ujreduli 

kulturisTvis: 

Siehe 2.2.2. 

mediumi HMEC-1 ujreduli 

kulturisTvis: 

Siehe 2.2.2. 

Trypsin/EDTA Siehe 2.2.2. 

IL1ß R&D System GmbH, Wiesbaden,  

#201-LB-005 

 

TNFα Sigma, T6674-10UG 
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2.3.3. DFACS-Si eqspresiis Sefaseba 

 

ujredebi rezervuaris fskeridan mocilebis Semdeg gadatanil iqnen 15ml-

ian sinjarebSi da 10 wuTis ganmavlobaSi 1000 rpm davacentrifugeT. naleqi 

PBS saSualebiT iqna gadayvanili Txevad mdgomareobaSi da ujreduli 

koncentracia gamoTvlil iqna 1mln/ml iqna dayenebuli. am ujreduli 

suspenziidan 50mkl gadatanil iqna FACS –sinjarebSi, daemata TiToeuls 

5mkl antisxeuli da oTaxis temperaturaze inkubirda 15 wT-is 

ganmavlobaSi, sibneleSi, vinaidan sinaTlis zemoqmedebiT FITC 

fluoroqromi iSleba.  gamoyenebul antisxeulebTan erTad yovelTvis 

mzaddeboda izotip-kontroli. antisxeulebs ki warmoadgendnen:  

 anti -CD106 PE koniugirebuli antisxeuli    

 anti-CD7 FITC koniugirebuli antisxeuli 

 IgG1 FITC koniugirebuli antisxeuli 

 IgG1  PE koniugirebuli antisxeuli 

HMEC-1 ujredebis fluoroqrom-koniugirebul antisxeulebTan inkubaciis 

Semdeg sabolood emateboda 500mkl 10x CellFix, 1:10 ddH2O-iT ganzavebuli. 

mxolod am proceduris gavlis Semdeg iyo SesaZlebeli, rom mogvexdina 

fiqsirebuli ujredebis gamdinare citometrSi gamokvleva.   

 

 

suraTi 4 

Dot  Plot-ze leikocitebis 

vizualizacia:  

X RerZis parametri – wina gabneuli 

sinaTle  (FSC) 

Y - RerZis parametri – gverdiT 

gabneuli sinaTle (SSC) 

leikocitaruli ujredebi 

Semdegnairadaa warmodgenili: mwvane 

– limfocitebi, wiTeli – monocitebi, 

lurji – granulocitebi.  
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HMEC-1 ujredebi gamdinare 

citometriaSi 

suraTi 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FACS-danadgari Becton Dickinson FACSCalibur, 

Heidelberg, Deutschland 

citometris siTxe FACS  Flow
TM   

Becton Dickinson,  

Heidelberg,  Deutschland 

FACSafe Becton Dickinson, Heidelberg, Deutschland 

FACSRinse Becton Dickinson, Heidelberg, Deutschland 

10x  CellFIX™ Fixationslösung BD  Biosciences,  Erembodegem,  Belgien,  

#340181 

FACS-sinjara   

 

BD  Falcon,  BD  Bioscience,  Bedford,  USA,  

#352054 

sinjara 15ml Greiner Bio-One GmbH, Frickenhausen, 

#188271 

anti-CD7 antisxeuli (N-19) Santa Cruz Biotechnology, #sc-6992  

anti-CD106 antisxeuli BD Pharmingen, #555645 

IgG1-FITC/  Iso  FITC  

 

Beckman  Coulter-Immunotech,  Krefeld,  

Deutschland, #IM0639 

IgG1-PE/ Iso PE Beckman Coulter-Immunotech, 

Marseille/Frankreich, #IM0670 
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2.4. adamianis sisxlze Catarebuli gamokvlevebi 

2.4.1. Bsisxlis aReba 

sisxli miRebuli iyo venuri punqciis gziT mozrdili moxaliseebisagan, 

romlebic araviTar medikaments ar Rebulobdnen. gamoyenebuli iyo nemsi  21 

Gauge Butterfly, xolo antikoagulacia Catarebuli iyo natriumis citratiT.  

 

Butterfly® Butterfly® - 21, Abbott, Sligo, Ireland, 

#4492A05 

 

adaptori Multi-Adapter, SARSTEDT, Nümbrecht, 

Deutschland, #14.1205 

 

Softasept N Farblos  250ml (20) 00008180B. Braun 

Melsungen AG. Melsungen 

natrium-citratiani sinjara 

S - sinjara 5ml 

 

Sarstedt, Nümbrecht, #05.1071 

 

S - sinjara 10ml Sarstedt, Nümbrecht, #21067001 

 

 

2.4.2. sisxlidan monocitebis izolacia  

 

aRebuli sisxli ganzavda PBS (Ca
2+

/ Mg
2+

) 1:2 50ml sinjaraSi moTavsda 15ml 

Ficoll da masze frTxilad daefina 20ml ganzavebuli siTxe. Semdegi nabiji 

iyo 20 wT oTaxis temperaturaze 3000 brunze wuTSi dacentrifugireba 

muxruWis gareSe.  simkvrivis gradienti fikoli gamoyofs mononuklerul 

ujredebs ganzavebuli sisxlidan. aseTnairad miiReba sami faza: plazmis 

Sre, limfocit/monocituri Sre, TviT fikolis Sre da 

eriTrocit/granulocitebis Sre. Sua Sre gadmotanili iyo frTxilad 

Sesabamis sinjaraSi. aseTnairad mononuklearuli ujredebis Sre 

izolirda sxva danarCeni Sreebisgan.  



59 

 

 

 

suraTi 6  monocitebis izolireba fikolis gamoyenebiT  

 

gamoyofili mononuklearebis Sre ganzavdeboda amave raodenobis  PBSSi da 

kidev erTxel centrifugirdeboda 3000 brunze wuTSi 20 wuTis 

ganmavlobaSi. ujredebi fskerze naleqis saxiT grovdeboda. naleqi 

ganzavdeboda 5ml PBS-iT da 10 wuTi kvlav dacentrifugirdeboda 1000 

brunze wuTSi. amasobaSi mzaddeboda specialuri buferi e.w.“Tyrode-Puffer“. 

naleqi ganzavdeboda 5ml Tirodis buferSi. Semdeg ujredebi 175sm2
 

ujreduli kulturis rezervuariT kulturaSi gadaitaneboda da 25ml 37ºC 

Tbili monocitebis mediumiT daifareboda. isini inaxeboda inkubatorSi 

37ºC ori saaTis ganmavlobaSi. am periodSi upiratesad monocitebi 

adherirdebodnen rezervuaris zedapirze, limfocitebis ki mxolod mcire 

nawili. mediumis gamocvlis Semdeg xorcieldeboda kidev erTi recxva 15ml  

PBS gamoyenebiT da axali mediumis damatebis Semdeg ujredebi mTeli Ramis 

ganmavlobaSi inkubatorSi rCebodnen inkubaciisaTvis. izolaciis procesi 

sabolood iZleoda monocitebis 90%, xolo danarCeni leikocitebi 

analizidan eTiSeboda maTi antisxeuliT moniSvnis saSualebiT.   
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PBS (Ca
2+

/ Mg
2+

) Dulbecco’s PBS (Ca
2+

/ Mg
2+

), CELL 

CONCEPTS, Umkirch, Deutschland,  

#B-L0500-1 

 

ujreduli kulturis sinjara Nuclon Surface, NUNC GmbH, 

Wiesbaden, 175 cm
2 

culture area #178883  

 

sinjara 50ml Greiner Bio-One GmbH, Frickenhausen, 

#227261 

 

sinjara 15ml   Greiner Bio-One GmbH, Frickenhausen, 

#188271 

 

Ficoll- Biocoll saizolacio xsnari Biochrom, Berlin, Deutschland, #16115 

 

centrifuga         Heraeus, ID Nr-20057820, #4500272390 

 

serologiuri pipetebi 25ml, 10ml, 5ml Schuber&Weiss GmbH, München, #357551, 

#357525, #357543 

monocitebis mediumi:  

 

 

 500ml RPMI 1640 BIO WHITTAKER, Belgien, #BE12-115F 

 50ml FCS BIO WHITTAKER, Belgien, #DE14-801F 

 5ml 

penicilini/streptomicini 

BIO WHITTAKER, Belgien, #DE17-602E 

 5ml L-glutamini BIO WHITTAKER, Belgien, #BE17-605E 

 

Tirodis buferi:  

sabaziso xsnari (10x):  

1.5M NaCl   

25mM KCl  1 litri destilirebuli wyali 

da dgeboda pH 7,4  
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120mM NaHCO3    

 

 

cdebisTvis yovelTvis axali 

mzaddeboda: 

 

 

 25ml 10x Tyrode  

 0.5ml 1M CaCl2  

 0.5ml 1M MgCl2  

 0.25g BSA  

 0.25g Glucose  

 223.5ml destilirebuli 

wyali 

 

 

 

2.4.3. ujredebis daTvla 

 

yoveli gamokvlevisaTvis ujredebis koncentracias ganvsazRvravdiT da 

gamoviTvlidiT erTidaimave ujredul raodenobaze: monocitebi 106 

ujredi/ml,  HMEC-1 ujredebi (FACS-isTvis)  10
6 ujredi/ml. amisaTvis 

ujredebi Sesabamisad ganzavdeboda 10ml PBS. 10mkl monocitebis suspenzias 

vaTavsebdiT ujredebis saTvleli kameris SuSis qveS da oTx did ujredSi 

maT raodenobas viTvlidiT. gamoiTvleboda ujredebis saSualo 

maCvenebeli.  

 

ujredebis saerTo raodenoba = ujredebis saSualo raodenoba X 

10 000 X ganzavebis faqtorze (mag. 10ml) 

 

 

sabolood kamera muSavdeboda EtOH da wyliT.  
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suraTi 7  a)-noibaueris saTvleli kameris qseli  b)-ujredebis daTvla 

(Savi) saTvleli kameris erT did kvadratSi. (Lindl: Zell- und Gewebekultur 

(4.Auflage) 

 

 

ujreduli kamera Neubauer-Zählkammer SIGMA-ALDRICH 

GmbH, Steinheim, Deutschland, #Z 

35,962-9 

 

PBS (Ca
2+

/ Mg
2+

) ixileT 2.2.2. 
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2.5. dinamiuri adheziuri cdebi  

 

2.5.1. gamdinare kameris meTodis (Flow Chamber Method) zogadi mimoxilva  

 

arsebobs gamokvlevis meTodi, romlis Tanaxmadac mikroskopuli gamdinare 

kameris gamoyenebiT sxvadasxva ujredis (polimorfulnuklearuli 

leikocitebis, Trombocitebis, simsivnuri ujredebis da sxva) adheziuri 

moqmedeba SesaZloa Seswavlil iqnes kvlevis adheziur dinamiur modelSi 

da winaswar gansazRvruli dinebis siCqaris gamoyenebiT. es aris e.w. 

gamdinare kameraSi ujreduli meqanikis kvlevis meTodi. am meTodis 

daxmarebiT SesaZloa ganxorcieldes sisxlZarRvis pirobebis imitacia   

(Piali et al. 1998). statiur adheziur cdebs ar ZaluZs receptor-ligandis 

urTierTqmedebis srulyofilad asaxva, radgan ujredebis gadaadgileba da 

ujredebis adhezia fiziologiur pirobebSi mudmuvi dinebis fonze 

mimdinareobs. gamdinare kameris kvlevis meTodi ujred-ujredisa an ujred-

substratis adheziis calkeuli etapis vizualizaciis saSualebas iZleva.  

(Lawrence, M.B., 1987; Patton, J.T., 1993; Jones, D.A., 1993).  

gamdinare kameris principi imaSi mdgomaroebs, rom ujredebi specialuri 

garsiT dafarul zedapirze winaswar SerCeuli dinebis siCqariT daxurul 

sistemaSi miedinebian. siCqare, romliTac calkeuli ujredi kameraSi 

gadaadgildeba ganisazRvreba programirebadi tumbos saSualebiT.       

gamdinare kameris sistema Semdegi nawilebisagan Sedgeba: 
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suraTi 8 

 

langari – gamdinare kameris qveda nawili. misi 

zedapiri ifareba specialuri feniT. yoveli cdis 

Semdeg es langari icvleba da igi warmoadgens 

realur dakvirvebis zedapirs kvlevis dros. 

 

 

 

suraTi 9 

 

cilindri – gamdinare kameris zeda nawili  

cilindrze mdebareoben milebis sistemaze mierTebis 

adgilebi. erTmaneTis gverdiT mdebare kavSirebiT 

Seedineba kameraSi da gaedineba kameridan ujredebis 

suspenzia. cilindrze arsebuli mesame kavSiri aris 

vakuum tumbos SeerTebis adgili.   

 

 

 

suraTi 10 

 

rezinis rgoli – gamdinare kameris Sua nawili  

igi mdebareobs sinjarasa da cilindrs Soris 

cilindris or CaRrmavebaSi. rezinis rgoli 

Sesabamis poziciaSi yendeba. amis saSualebiT ori 

plastikuri sinjara erTmaneTisagan garkveul 

distanciaSi pozicionirebs. swored iq sadac, 

rezinis zedapiri amoWrilia Tavsdeba kamera. 

 

 

 

suraTi 11 

 

maprogramebeli tumbo   

am danadgaris saSualebiT SesaZloa programa 

garkveul dinebis siCqareze dayendes. es faqtori 

iZleva saSualebas, rom kameraSi gaiaros winaswar 

zustad gansazRvrulma siTxis raodenobam wamSi. 

  

vakuumis tumbo 

igi ganaviTarebs saWiro wnevas gamdinare kameris 

simWidrovisaTvis 

suraTi 12 
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kameras vafiqsirebdiT inversiul mikroskopze da ujredebis dinebas 

vakvirdebodiT 20 jeradi gadidebis obieqtiviT. mikroskopze damagrebuli 

iyo kompiuteri masze mierTebuli digitaluri kameriT, romlis 

saSualebiTac xdeboda kadrebis gadaReba da damaxsovreba. gamdinare 

nawili SeerTebuli iyo 50ml SpricTan, romelic dafiqsirebuli iyo 

programirebad tumboze. vakuumis tumbo miliT SeerTebuli iyo kamerasTan, 

riTac uzrunvelyofda sistemis mTlian fiqsacias. sisxlis nakadis 

hidrodinamikuri pirobebisaTvis mniSvnelovani sazomia wanacvlebis siCqare 

(shear rate) da wanacvlebis daZabuloba (shear stress). isini asaxaven dinebis 

mimarTulebis siCqares sisxlZarRvis kedelTan siTxis daSorebasTan 

damokidebulebaSi.  

dinebis siCqare damokidebulia aseve kameris geometriaze da ujredis 

kameris kedlidan daSorebaze. gamdinare milis centrSi aris umaRlesi 

siCqare. rac ufro axlos mdebareobs ujredi kedelTan miT ufro 

klebulobs wanacvlebis siCqare. wanacvlebis siCqare da wanacvlebis 

daZabuloba mniSvnelovani hidrodinamikuri sidideebia. siCqaris profilis 

gamoTvla gamdinare kameraSi Semdegi formulis saSualebiTaa SesaZlebeli:  

τw = γ µ = 6µQ/a
2
b 

τw – wanacvlebis daZabuloba 

γ – wanacvlebis siCqare (l/wm) 

µ - siblante 

a – gamdinare kameris sisqe 

b – gamdinare kameris sigane 

Q – dinebis sixSire (ml/wm) dinebis sixSireebi, romlebic maprogramebel 

tumboze yendeboda, angariSdeboda am naSromSi gamoyenebuli cilindris 

zomiT (simaRle 0.0254sm da sigane 0.5sm) Semdegnairad:  

 

15 dynes/cm
2 

= 6*(0,01)*Q/ = 186*Q  

                         0,0254І *0,5  

Q = 15/186 = 0,08064 ml/sec = 4,8387 ml/min  

 

1 dynes/cm
2 

= 6*(0,01)*Q/ = 186*Q  

                       0,0254І *0,5 

Q = 1/186 = 0,005376 ml/sec = 0,32268 ml/min  
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0.5 dynes/cm
2 

= 6*(0,01)*Q/ = 186*Q  

                          0,0254І *0,5 

Q = 0,5/186 = 0,00269 ml/sec = 0,16129 ml/min 

 

 

 

gamdinare kameris kvlevebisaTvis saWiro masalebi  

 

gamdinare kamera CIRCULAR Parallel Plate Flow Chamber Kit, 

GLYCOTECH, Rockville, USA, #31-001 

 

maprogramebeli tumbo PHD Programmable, HARVARD Apparatus, 

Holliston, USA, #70-2002 

 

vakuumtumbo Laboport Vacuum Pump, KNF NEUBERGER 

INC., Trenton, USA 

 

digitaluri kamera AVT BC-11, AVT HORN, Aalen, Deutschland 

 

kompiuteruli programa 

 

Let’s Edit, Canopus Inc. Kobe, Japan. 

 

PC da Hardware  

 

MaxData PC  

 

35mm langari Cell Culture Dish 35mm x 10mm Style, 

CORNING INC., NY, USA, #430165 

 

rezinis rgoli Flow Chamber Gaskets, Channel Width 5.0mm / 

Gasket Thickness 0.010 inch, GLYCOTECH, 

Rockville, USA, #31-004 

 

cximovani sacxi Exsikkatorenfett, Riedel-de Haem, SIGMA – 

Aldrich, Steinheim, Deutschland, #18405 

 

50-ml-Sprici  

 

Perfusor-Spritze OPS 50ml (B.Braun, Melsungen,  

#8728810F)  
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mikroskopi Inverses Mikroskop Axiovert 25, Okular 10x/20, 

Objektiv CP-Achromat 5x/0.12, ZEISS, 

Oberkochen, Deutschland 

 

PBS Ca
2+

/ Mg
2+

 ixileT 2.2.2. 

 

 

2.5.2. HMEC-1 ujredebis momzadeba gamdinare kameraSi gamosakvlevad 

 

HMEC-1 ujreduli kulturis kultivireba ganxorcielda  25sm2
 ujreduli 

kulturis rezervuarSi (ixileT 2.2.2.). amis Semdeg ganxorcielda 

ujredebis stimulacia TNFα da IL1β (ixileT 2.2.4.) gamoyenebiT da maTi 

transfeqcia CD7/VCAM-1 konstruqtiT (ixileT 2.2.5.). am mosamzadebeli 

RonisZiebebidan 48 saaTSi ujredebi gadatanil iqnen 35mm sinjarebSi, 

romelTa fskeridan isini 48 saaTSi mocilebul iqnen trifsinis 

gamoyenebiT. amis Semdeg kulturas daemata mediumi, romelmac 3-4 wuTiani 

inkubaciis Semdeg gaaneitrala trifsini da ujreduli masala gadatanil 

iqna 2 sinjaraSi. sinjarebi, romlebic gamdinare kameris fskers 

warmoadgenen da romlebic endoTeluri ujredebis zedapirs warmoadgenen 

gamdinare kameraSi kvlevisaTvis Semdegnairad momzaddnen. ujredebs 

daaxloebiT 2-5 wuTi sWirdebodaT sanam isini sinjaris plastikur 

zedapirze kargad adherirdebodnen. xolo rodesac isini kargad 

adherirebul, mWidro ujredul zedapirs warmoadgendnen SesaZlebeli iyo 

maTi gamoyeneba gamdinare kameris eqsperimentebisaTvis. kvlevis dawyebamde 

sul ramodenime wuTiT adre endoTeluri ujredebi garecxil iqnen PBS 

Ca
2+

/ Mg
2+
  saSualebiT da anti-CD106 da anti-CD54 antisxeulebiT CautardaT 

inkubacia oTaxis temperaturaze 10 wuTis ganmavlobaSi.  am etapze 

endoTeluri ujredebi ukve mzad iyvnen gamokvlevisaTvis. 
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anti-CD106 (Clone 51-10C9), Becton Dickinson (BD) 

 

anti-CD54 (Clone 84H10), Beckman Coulter, Krefeld,  

Deutschland 

 

 

 

2.5.3. monocitebis stimulacia, SeRebva da momzadeba gamdinare kameraSi 

gamosakvlevad 

 

monocitebis izolacia xorciledeboda fikolis saSualebiT rogorc es 

zemoT aRweril iqna monocitebis izolaciis oqmSi (2.4.2). izolirebis 

procesis Sedegad miviReT monocitebis daaxloebiT 90% Semadgenloba. 

Ramis ganmavlobaSi Sesabamisi mediumiT inkubirebuli ujredebi meore dRis 

eqsperimentebisaTvis gamdinare kameraSi kvlevisaTvis mzad iyvnen. amisaTvis 

ujredebs movaSoreT mediumi, ujredebi gavrecxeT  PBS. ujreduli 

kulturis rezervuarebis fskerze adherirebuli monocitebi ujredebis 

gansacalkevebeli instrumentiT iqnen ganTavisuflebulni rezervuaris 

zedapiridan. PBS kargad gaxsnili ujredebi gadatanil iqnen 15ml 

sinjarebSi. amas mosdevda izolirebuli monocitebis mxolod nawilis 

stimulacia specialuri araspecifiuri stimulatoriT e.w. PMA (Phorbol-12-

Myristate-13-Acetat)  raodenobiT 200ng/ml. amavdroulad ujredebi SeRebil iqnen 

kalceiniT. kalceini AM gaivlis ra ujredis membranas, esTerazebis mier 

iSleba. signalis gazomva ki am parametrebiT xdeba: EX 490 EM 515. 

aseTnairad gamoCndebian monocitebi mafluorescencirebeli nivTierebis 

saSualebiT mikroskopSi. monocitebi 10 wuTis ganmavlobaSi 1000 brunze 

wuTSi centrifugirdebodnen raTa stimulaciisa da Rebvis narCenebi 

aRmogvefxvra. amis Semdgom isini gaixsnebodnen PBS-Si da sabolood 

antisxeul anti-CD49d (VLA-4) inkubirdebodnen 10 wuTis ganmavlobaSi.   

 

 



69 

 

PMA Phorbol-12-Myristate-13-Acetat, unspezifisches 

Zellstimulanz Sigma-Aldrich Chemie GmbH, 

Taufkirchen, P1585#1MG 

 

Calcein SesaRebi xsnari   Mobitec GmbH, #MFPC009 

 

SesaRebi xsnaris momzadeba:    

 

1 milimoliM Calcein AM  DMSOSi 1:50kmmoliT  PBS ganzavdeba  

gamoiyeneba 1:10 ujreduli suspenzia 

anti-CD49d (Clone HP2/1), Beckmann Coulter, Krefeld,  

Deutschland 

 

 

2.5.4. kvlevis mimdinareoba 

 

gamdinare kameris eqsperimentis dasawyisSi vamzadebdiT gamdinare kameris 

sistemas. amisaTvis rezinis rgoli specialuri cximiT muSavdeboda, raTa 

cilindrze myarad mikruliyo da igi Tavsdeboda dasawyisSi carielsa da 

jer kidev Semougarsav sinjarasa da cilindrs Soris. gamavali da 

Semomavali kontaqtebi ori milis sistemiT erTdeboda monocitebian 

sinjarasa da  50ml perfuzorul SpricTan. es ukanaskneli magrdeboda 

maprogramebel tumboze. vakuumis tumbo ki sxva milis saSualebiT 

ukavSirdeboda gamdinare kameras. amiT uzrunvelyofili iyo gamdinare 

kameris simWidrove. fskerisa da Tavsaxuris erTmaneTTan mWidro kavSiri 

maT Soris fiqsirebuli simaRlis SenarCunebas ganapirobebda. gamdinare 

kamera magrdeboda mikroskopze. mikroskopze magrdeboda aseve personaluri 

kompiuteri digitaluri kameriT, romlis saSualebiTac xdeboda 

videokadrebis, agreTve calkeuli fotoebis garkveul gansazRvrul 

momentebSi gadaReba da damaxsovreba. kamera ivseboda PBS-iT haeris 

buStukebis gareSe  4.8 ml/wT dinebis siCqaris gamoyenebiT. vakuumis tumbo 

irTveboda. stabiluri pirobebisa da Sesabamisi dinebis siCqaris misaRwevad 

kameras vamuSavebdiT 1-2 wuTis xangrZlivobiT sxvadasxva siCqaris 
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pirobebSi. amis Semdeg vakuumis tumbos vaCerebdiT da cariel sinjaras 

CavanacvlebdiT endoTeluri ujredebiT dafaruli sinjariT. amis Semdeg 

HMEC-1 ujredebi warmoadgendnen gamdinare kameris fskers. gamdinare 

kameraSi gamokvlevebisaTvis monocitebi momzadda Semdegi koncentraciiT -  

1x10
6 

/ml.  isini  Semavali miliT Seedinebodnen kameraSi. viyenebdiT 

wanacvlebis siCqares 15 dyne/cm². monocitebis urTierTqmedeba endoTeluri 

ujredebis zedapirTan vizualizirdeboda videomikroskopis saSualebiT  

20jerad gadidebaze. monocitebis brunva da adhezia fasdeboda 6 sxvadasxva 

dakvirvebis ubanSi ((mean±SD) 5-5 wamis ganmavlobaSi gadaRebuli 

videofilmebis saSualebiT. videoebis gadaReba da damaxsovreba 

posteqsperimentuli, xarisxobrivi da raodenobrivi Sefasebis 

SesaZleblobas iZleoda, raSic gamoiyeneboda komputeruli programa „Let’s 

Edit“. maTgan ki vangariSobdiT saSualo monacemebs. 

 

 

2.5.5 sakvlevi jgufebi 

cxrilebSi 8,9,10,11 warmodgenilia sakvlevi jgufebi, romlebic SerCeul 

iqna dinamiuri adheziuri kvlevebisaTvis. TiToeul jgufSi asaxulia 

endoTeluri kulturis, CD7/VCAM1 konstruqtis, GFP, sisxlidan 

izolirebuli monocitebisa da antisxeuliebis antiCD49d, antiCD54, 

antiCD106  gamoyenebis kombinaciebi gamdinare kameris cdebSi. 
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endoTeluri ujredebi CD7/VCAM1 transfeqciiTa da transfeqciis gareSe 

HMEC1 (+antibodies) versus HMEC1-CD7/VCAM1 (+antibodies) 

HMEC1+Monos HMEC1-CD7/VCAM1+Monos 

HMEC1+Monos-antiCD49d HMEC1-CD7/VCAM1+Monos-antiCD49d 

HMEC1-antiCD54+Monos HMEC1- CD7/VCAM1-antiCD54+Monos 

HMEC1-antiCD54+Monos-antiCD49d HMEC1- CD7/VCAM1-antiCD54+Monos-

antiCD49 

HMEC1-antiCD106+Monos HMEC1-CD7/VCAM1-antiCD106+Monos 

HMEC1-antiCD106+Monos-antiCD49d HMEC1-CD7/VCAM1-antiCD106+Monos-

antiCD49d 

cxrili 8 

endoTeluri ujredebi IL1β, TNFα stimulaciiTa da CD7/VCAM1 transfeqciiT  

HMEC1-stimulated (antibodies) versus HMEC1-CD7/VCAM1 (antibodies) 

HMEC1-IL1 β +Monos HMEC1-TNFα+Monos 

HMEC1-IL1 β +Monos-antiCD49 HMEC1-TNFα+Monos-antiCD49d 

HMEC1-IL1 β -antiCD106+Monos HMEC1-TNFα-antiCD106+Monos 

HMEC1-IL1 β -antiCD106+Monos-

antiCD49d 

HMEC1-TNFα-antiCD106+Monos-

antiCD49d 

HMEC1-IL1 β +Monos HMEC1-IL1-CD7/VCAM1+Monos 

HMEC1-IL1 β +Monos-antiCD49 HMEC1-IL1-CD7/VCAM1+Monos-antiCD49d 

HMEC1-IL1 β -antiCD106+Monos HMEC1-IL1-CD7/VCAM1-antiCD106+Monos 

HMEC1-IL1 β -antiCD106+Monos-

antiCD49d 

HMEC1-IL1-CD7/VCAM1-

antiCD106+Monos-antiCD49d 

HMEC1-TNFα+Monos HMEC1- TNFα -CD7/VCAM1+Monos 

HMEC1-TNFα+Monos-antiCD49d HMEC1- TNFα -CD7/VCAM1+Monos-

antiCD49d 

HMEC1-TNFα-antiCD106+Monos HMEC1- TNFα -CD7/VCAM1-

antiCD106+Monos 

HMEC1-TNFα-antiCD106+Monos-

antiCD49d 

HMEC1- TNFα -CD7/VCAM1-

antiCD106+Monos-antiCD49d 

cxrili 9 
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endoTeluri ujredebi GFP da CD7/VCAM1 transfeqciiT  

HMEC1-GFP (antibodies) versus HMEC1-CD7/VCAM1 (antibodies) 

HMEC1-GFP+Monos HMEC1-CD7/VCAM1+Monos 

HMEC1-GFP+Monos-antiCD49 HMEC1-CD7/VCAM1+Monos-antiCD49d 

HMEC1-GFP-antiCD106+Monos HMEC1-CD7/VCAM1-antiCD106+Monos 

HMEC1-GFP-antiCD106+Monos-

antiCD49 

HMEC1-CD7/VCAM1-antiCD106+Monos-

antiCD49d 

cxrili 10 

 

 

endoTeluri ujredebi  IL1β, TNFα stimulaciiT da stimulaciis gareSe 

HMEC1 (antibodies) versus HMEC1 -stimulated (antibodies) 

HMEC1+Monos HMEC1-IL1+Monos 

HMEC1+Monos-antiCD49 HMEC1-IL1+Monos-antiCD49 

HMEC1-antiCD106+Monos HMEC1-IL1-antiCD106+Monos 

HMEC1-antiCD106+Monos-antiCD49 HMEC1-IL1-antiCD106+Monos-antiCD49d 

HMEC1+Monos HMEC1-TNFα+Monos 

HMEC1+Monos-antiCD49 HMEC1-TNFα+Monos-antiCD49d 

HMEC1-antiCD106+Monos HMEC1-TNFα-antiCD106+Monos 

HMEC1-antiCD106+Monos-antiCD49 HMEC1-TNFα-antiCD106+Monos-antiCD49d 

cxrili 11 
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2.6. IN VIVO kvlevebi 

aRniSnuli Sromis farglebSi in vivo eqsperimentebi Catarebul iqna 

q.melburnis beikeris saxelobis gulisa da diabetis kvleviTi institutis 

bazaze.  

kvlevis in vitro modelebis saSualebiT SesaZloa CD7/VCAM-1 zemoqmedebis 

mxolod nawilobrivi Seswavla. CD7/VCAM-1-iT VCAM-1 receptoris 

konkurentuli inaqtivaciis gamovlena da aTerogenezis procesze genuri 

transfeqciis da xsnadi proteinis zemoqmedebis SeswavlisaTvis saWiro 

gaxda kvleva in vivo eqsperimentebSi gagrZelebuliyo. am mizniT Catarda in 

vivo samuSaoebi, romelTaTvis SerCeul iqnen ApoE-/- transgenuri Tagvebi. 

cnobilia, rom maT ApoE deficitis fonze spontanurad da gansakuTrebiT ki 

cximiT mdidari dietis fonze aTerosklerozi uviTardebaT. 

apolipoproteini E pasuxismgebelia trigliceridebiT mdidari 

lipoproteinebis komponentebis normalur katabolizmze, Sesabamisad misi 

deficiti transgenur cxovelebSi iwvevs aTerosklerozis ganviTarebas. 

xsnadi proteinis Sesaswavlad in vivo kvlevebSi Semdegi eqsperimentuli 

modelebi gamoicada: ApoE-/- deficituri Tagvebis saZile arteriis 

transfeqcia aplikaciis teqnikis gamoyenebiT da ApoE-/- deficituri 

Tagvebis saZile arteriis transfeqcia ineqciis teqnikis gamoyenebiT. 

 In vivo Eeqsperimentebi ApoE-/- Tagvebi 

aplikaciis teqnika ineqciis teqnika 

I etapi II etapi I etapi II etapi 

 Arteria Carotis 

Comunis 

transfeqcia 

(marcxena/marjven

a)  CD7/VCAM-1 

konstruqtis 

aplikaciis gziT 

48 saaTis Semdeg 

transficirebuli 

sisxlZarRvis 

amoReba  

Arteria Carotis 

Comunis 

transfeqcia 

(marcxena/marjven

a)  CD7/VCAM-1 

konstruqtis 

inieqciis gziT 

transficirebu

li 

sisxlZarRvis 

amoReba 4 

sxvadasxva 

drois 

erTeulSi 

cxrili 12  kvlevis gegma 
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cxrili 12 warmoadgens in vivo samuSaoebis etapebs. pirveli etapi iyo 

karotiduli arteriis (Arteria Carotis) transfeqcia, xolo meore etapi ki 

transficirebuli da ara-transficirebuli sisxlZarRvis garkveuli drois 

Semdeg amokveTa da Semdgomi Seswavla iyo.  

 

2.6.1. ApoE-/- Tagvebis momzadeba  

 

laboratoriuli cxovelebis movla da gamoyeneba mimdinareobda 

saerTaSoriso saxelmZRvaneloebis Tanaxmad da specialuri ufleba am 

samuSaoebis Casatareblad gacemul iqna rogorc q.freiburgis 

sauniversiteto klinikis aseve beikeris gulisa da diabetis kvleviTi 

institutis mier.   

cxovelebi sicoxlis meoTxe kviridan 2 kviris ganmavlobaSi iRebdnen 

specialur qolesteriniT mdidar sakvebs. yvela sacdel cxovelTan in vivo 

kvlevebis pirveli etapi iwyeboda 5 kviris asakidan.   

 

2.6.1.1. qolesteriniT mdidari dieta 

qolesteriniT mdidari dietisaTvis gamoyenebul iqna specialuri sakvebi, 

romelic 21% cximsa da 0.15% qolesterols Seicavda. 2 kviriani dietis 

Semdeg iwyeboda gamokvlevis pirveli etapi. pirvel da meore etaps Soris 

periodSi isini aseve igive sakvebs Rebulobdnen.  
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2.6.1.2 ApoE-deficitur Tagvebze cdebis mimoxilva 

jgufi inieqcia 

cxovelebis raodenoba 

gamokvleva 

2 kviraSi 4 kviraSi 6 kviraSi 

I 

CD7/VCAM- 1 

10
9 

PFU/ml 
- - 16 

CD7/VCAM-1 

10
8 

PFU/ml 
- - 5 

GFP 

10
9 

PFU/ml 
- - 4 

II 

 

CD7/VCAM-1 

10
9 

PFU 
- 10 - 

CD7/VCAM-1 

10
8 

PFU 
- 10 - 

GFP 

10
9 

PFU/ml 
- 5 - 

III 

CD7/VCAM-1 

10
9 

PFU 
- 5 - 

CD7/VCAM-1 

10
8 

PFU 
- 6 - 

GFP 

10
9 

PFU/ml 
- 8 - 

IV 

CD7/VCAM-1 

10
9 

PFU 
6 - - 

CD7/VCAM-1 

10
8 

PFU 
16 - - 

GFP 

10
9 

PFU/ml 
9 - - 

cxrili 13 cxovelebis raodenoba, adenoviraluri konstruqtis 

gamoyenebuli koncentraciebi, drois intervalebi  
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cxrilis ganmarteba: 

I – pirveli sacdeli jgufis cxovelebs meore operacia utardebodaT  6 

kviraSi. II – meore sacdeli jgufis cxovelebs meore operacia utardebodaT  

4 kviraSi. III - mesame sacdeli jgufis cxovelebs meore operacia 

utardebodaT  6 kviraSi. (III da IV jgufebis cxovelebis sisxlZarRvebis in 

vitro damuSaveba gansxvavdeboda erTmaneTisagan). 

IV - meoTxe sacdeli jgufis cxovelebs meore operacia utardebodaT  2 

kviraSi. 

TiToeuli sacdeli jgufis cxovelis SemTxvevaSi adgili hqonda 

adenoviraluri konstruqtisa da rogorc viraluri kontrolis GFP 

adenoviraluri konstruqtis ori sxvadasxva titr-koncentraciis 

ineqcias/aplikacias.  

 

 

 

2.6.2. operaciuli Careva 

 

yoveli operaciuli Careva xorcieldeboda Rrma zogadi anesTeziis qveS. 

narkozis dozirebis gamosaangariSeblad xdeboda Tavdapirvelad 

cxovlebis awonva. am Sromis farglebSi gamoyenebulebi iyvnen Tagvebi 20-

30g woniT. Tagvebs anesTezia utardebodaT izofluran, ketaminisa (Ketanest
® 

100 mg/kg BW) da qsilazinis (Rompun
® 

5 mg/kg BW) saSualebiT da 

Tavsdebodnen diseqciur mikroskopze. Tvalis kaklebi ifareboda bepanTinis 

Tvalis maziT raTa isini ar gamomSraliyvnen. Sesabamisi narkozuli 

siRrmis miRwevis Semdeg, rac mowmdeboda rqovanasa da tkivilis 

refleqsebis (mag. terfis falagebs Soris refleqsis) ar arsebobiT, 

cxovelebi moTavsebul iqnebodnen Tbil matrasze zurgze mwoliare 

poziciaSi. Tbili matrasis saSualebiT sxeulis temperatura narCundeboda 

mudmivad 37ºC doneze. saWiroebis SemTxvevaSi adgili hqonda sanarkoze 

siTxis daaxloebiT mesamedis damatebas.   
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kisris nawilSi Tagvebs SeezilebodaT Tmis mosaSorebeli kremi da 

specialuri SpateliT xdeboda Tmis mocileba. kani ganakveTis adgili 

kargad dezinficirdeboda specialuri sadezinfeqcio xsnaris saSualebiT. 

steriluri, gamWvirvale parki daekvreboda operaciis areSi. kanis ganakveTi 

keTdeboda centrSi. sanerwyve jirkvlebi erTmaneTisagan frTxilad 

gancalkevdeboda da karotiduli arteriebi gamoTavisufldebodnen. 

marjvena saerTo saZile arteria (Arteria carotis communis dextra) da marcxena 

saerTo saZile arteria (Arteria carotis communis sinistra) ganTavisufldebodnen 

irgvlivmdebare qsovilebisagan atraumatuli, mikroqirurgiuli teqnikis 

saSualebiT. amas moyveboda sisxlZarRvis transfeqcia (ix.2.6.2.1.). sabolood 

ganakveTi daixureboda da gaikereboda. meTvalyureobis qveS cxovelebi 

iRvizebdnen narkozidan. ramodenime dReSi Wriloba xorcdeboda da 2-6 

kviris cximiT mdidari dietis periodis Semdeg tardeboda am cxovelebis 

xelaxali gamokvleva.  

 

  

  

suraTi 13: cdis cxovelis momzadeba 
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suraTi 14: sisxlZarRvebis gamoTavisufleba 

isrebiT marcxniv: ACCD - Arteria Carotis Communis Dextra, marjvniv: ACCS - Arteria 

Carotis Communis Sinistra. 

 

 

2.6.2.1. ApoE-/- deficituri Tagvebis saerTo saZile arteriis transfeqcia 

2.6.2.1.1. aplikaciis teqnikis gamoyeneba 

 

mas Semdeg rac saZile arteriebi mimdebare rbili qsovilebisagan 

gamoTavisufldeboda movaxdendiT GFP adenoviraluri konstruqtis funjiT 

marjvena da marcxena saerTo saZile arteriebze Arteria carotis comunis 

(sinistra,dextra) erT segmentze aplikacias. Wriloba daixureboda da 

gaikereboda. Tagvebi gamodiodnen narkozidan meTvalyureobis qveS. 

sisxlZarRvis amoReba xorcieldeboda aplikaciis gziT adenoviraluri 

konstruqtiT transfeqciidan 48 saaTSi. aseTi transfeqciisaTvis 

gamoyenebul iqna mxolod  GFP adenoviraluri konstruqti. dasawyisSi 

dasadgeni iyo konstruqti aplikaciis gziT SeaRwevda Tu ara sisxlZarRvis 

intimaSi.  vinaidan imis dadastureba, rom konstruqti axdenda endoTelamde 
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SeRwevas transfeqciis aplikaciis teqnikis gamoyenebiT ver moxerxda, am 

meTodze muSaoba Sewyda. am problemis wamoWris gamo SemuSavebul iqna 

alternatiuli transfeqciis teqnika.    

 

2.6.2.1.2. ineqciis teqnikis gamoyeneba 

 

xsnadi proteinis saZile arteriaSi inieqciamde sisxlZarRvi Wrilobis 

kideebTan zemoT da qvemoT iqna ligirebuli. igi dacarilebul iqna 

sisxlisagan. saoperacio mikroskopis qveS uwvrilesi SuSis kanula 

Seyvanil iqna saerTo saZile arteriaSi (Arteria carotis communis). am kanulaSi 

imTaviTve Seyvanili iyo adenoviraluri konstruqtis Sesabamisi raodenoba. 

kanulis bolo mierTebuli iyo SpricTan. yvelaferi myarad iyo 

dafiqsirebuli specialur mikromanipulatorze. saerTo saZile arteriis 

ganTavisuflebuli segmenti gavsebul iqna adenoviraluri konstruqtiT. 

inkubaciis periodi grZeldeboda 20 wuTi. amis Semdeg kanula frTxilad 

tovebda sisxlZarRvs. transfeqciis periodSi ki arteria moTavsebuli iyo 

PBS xsnarSi raTa Tavidan agveridebina qsovilis gamoSroba. zogierT 

SemTxvevaSi adgili qonda mcire raodenobiT sisxldenas inieqciis areSi, 

romelic wydeboda am adgilze kompresiis saSualebiT. inkubaciis Semdeg 

sisxlZarRvi kvlav ganTavisufldeboda da davrwmundebodiT, rom sisxlis 

mimoqceva aRdga. Wriloba daixureboda da gaikereboda. cxoveli gamodioda 

narkozidan meTvalyureobis qveS. sisxlZarRvis amoRebis operacia 

tardeboda 3 sxvadasxva drois monakveTSi (ix.cxrili 13). transfeqciisaTvis 

gamoyenebul iqnen rogorc adenoviraluri CD7/VCAM-1 konstruqti aseve 

misi GFP-kontroli. 
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suraTi 16: karotiduli arteriis transfeqcia adenoviraluri konstruqtis 

inieqciis gziT:  

1 - Osaoperacio  2 ,3  -inieqciis gziT saZile arteriis transfeqciis procesi 

4 – xsnadi proteiniT Sevsebuli saZile arteria.  



81 

 

2.6.3. sisxlZarRvis amoReba da misi momzadeba Semdgomi kvlevisaTvis  

 

ApoE-/- cxovelebis aplikaciis teqnikis gamoyenebiT transfeqciidan 48 

saaTSi da inieqciuri teqnikiT transfeqciidan oTx sxvadasxva drois 

monakveTSi (ix.cxrili 13) cxovels kvlav eZleoda zogadi narkozi. xdeboda 

orive karotidis gamoTavisufleba (ix.2.6.2.). sisxlZarRvis 

gamoTavisuflebuli segmenti zeda da qveda nawilSi ligirdeboda. 

sisxlZarRvebi amoikveTeboda erTimeores miyolebiT bifurkaciis 

farglebSi. amokveTili sisxlZarRvebi Semdgomi histomorfologiuri 

kvlevebis Casatareblad inaxebodnen rogorc Txevad azotSi gayinulebi 

aseve dafiqsirdebodnen 4% formalinSi. cxovelebi ki operaciis 

dasrulebis Semdeg narkozis qveS euTanazirdebodnen.  

 

 

2.6.4. sisxlZarRvebis damuSaveba da gamokvleva aplikaciis teqnikiT maTi 

transfeqciis Semdeg  

 

sisxlZarRvis segmenti amokveTis Semdeg Tavsdeboda 4% formaliniT 

avsebul ependorfis sinjaraSi. Semdgomi gamokvleva efuZneboda GFP 

Tvisebebs.   

 

suraTi 17: GFP struqtura 

 

GFP mwvane mofluorescencire proteini (Green Fluorescence Protein)  pirvelad 

1961 wels osamu Simomuras (Osamu Shimomura) mier iqna aRmoCenili. igi 

aRwerili iyo rogorc proteini Qualle Aequorea victoria-dan, romelic lurji 

an ultraiisferi sxiviT dasxivebisas mwvaned fluorescencirebs. misi 

pirveladi struqtura Sedgeba 238 aminomJavisagan 26.9 kDa molekuluri 
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masiT. igi xmarebaSia mxolod optikuri TvalsazrisiT. aramodificirebul, 

bunebrivad arsebul  GFP aqvs 2 moqmedebis maqsima. pirveli mdebareobs 395 

nm talRis sigrZeSi, xolo meore 475 nm talRis sigrZeSi. emisiis talRis 

sigrZe warmoadgens 509 nm. GFP SeuZlia fluorescenc mikroskopSi mogvces 

ujredSi (Sesabamisad qsovilSi) samizne proteinis drouli da 

adgilobrivi lokalizaciis Sesaxeb informacia. amisaTvis sisxlZarRvebi 

SeRebil iqnen CD7 FITC. aseTnairad gaxda SesaZlebeli GFP vizualizacia 

transficirebul da ara-transficirebul karotidul arteriebSi.  

 

2.7. saZile arteriebze Catarebuli histomorfologiuri kvlevebi 

 

histomorfologiuri kvlevebi Catarebul iqna saZile arteriebze, 

romlebic CD7/VCAM1 konstruqtis meSveobiT transficirebul iqnen 

ineqciis teqnikis gamoyenebiT.   

 

2.7.1. preparatebis momzadeba 

 

mikroskopiisaTvis preparatebis momzadebis sqema  

preparatebis momzadeba 

 

parafinis anaTlebi krioanaTlebi 

qsovili: 

saZile arteria 

1. fiqsacia  

(autolizis Seferxeba, preparatis momzadeba dasaWrelad) 

       

A) parafinis anaTlebi   

 

 proteinkoagulacia  

 proteinebis qseli 

(aldehidebis, formalinis, 

paraformaldehidis  mier 

daqselva) 
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                        B)   krioanaTlebi              gayinva 

2. dehidratacia 

 Tu preparati fiqsaciis Semdgom wyalSi uxsnadi mediumiT unda 

dafaruliyo (mag.parafiniT) gamoiyeneboda zrdadi alkoholuri 

rigi (eTanoli, izopropranoli)  

3. SefuTva (uxSiresad parafiniT) 

4. preperatebis daWra, anaTlebis momzadeba (mikrotomi, kriotomi) 

5. sasagne minebze gadatana 

6. deparafinireba (mxolod parafinis anaTlebze qsilolisa da 

klebadi alkoholuri rigiT)  

7. Rebva 

8. Sroba 

9. Sesanaxi mediumis gamoyeneba 

10. sasagne minaze gadatana 

cxrili 14: preparatebis momzadeba gudos Tanaxmad (M.Gudo 2004). 

 

 

parafinisa da krio anaTlebis damuSavebis Sedareba 

anaTlebi 

parafinis anaTlebi krioanaTlebi 

qsovilis fiqsacia qsovilis fiqsacia (gayinva) 

gauwyloeba -20ºC preparatis daWra 

parafinSi SefuTva sasagne minaze gadatana 

preparatis daWra fiqsacia / yoveli Rebvis Semdeg 

gauwyloeba 

sasagne minaze gadatana Rebva 

deparafinireba Sroba 

Rebva - 

gauwyloeba - 

gadaxurva - 

cxrili 15: parafin da krioanaTlebis damuSaveba gudos Tanaxmad (M.Gudo 

2004). 
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2.7. 1.1. parafinis blokebi 

 

amoRebuli sisxlZarRvebis parafinis blokebi damzadda Alfred 

Hospital-is bazaze (Melbourne, Australia) arsebul histopaTologiur 

laboratoriaSi. 

 

2.7.1.2. parafinis anaTlebis damzadeba  

 

parafin anaTlebze muSaobisaTvis gamoyenebul iqna Semdegi masala: wvetiani 

pinceti, sapreparacio nemsi, skalpeli, nazi funji, filtris qaRaldi. 

kompaqturi mikrotomi Leuca RM 2135 (ix. suraTi 20) gamoyenebuli iqna parafin 

blokebis dasaWrelad histologiis ganyofilebaSi (Baker Heart Research Institute, 

Melbourne, Australia). yoveli parafin bloki daWramde Sesabamisad muSavdeboda. 

trapeciis formis blokebi viwro nawiliT mikrotomis danaze 

fiqsirdeboda. sasurveli anaTlis sisqe mas Semdeg miiRweoda, rac 

preparatis nawilebi kargad gamoCndeboda. 5 mkm sisqeze xdeboda anaTlebis 

damzadeba. anaTlebi seriulad erTmaneTze akinZulebi rCebodnen da 

erTimeores miyolebiT mikrotomis danis gaswvriv ganlagdebodnen. maT 

funjiT an pincetiT xanmokle droiT wylis auzSi vaTavsebdiT. auzSi 

wylis temperatura Seadgenda 30-40 ºC. Tbil wyalSi anaTlebi swordeboda, 

xdeboda maTi amoReba da sasagne minaze ganTavseba. wyali filtris 

qaRaldiT amoSreboda. anaTlebis saboloo da srulyofili Sroba saSrob 

RumelSi xdeboda. daaxloebiT erTi dRis Semdeg isini mzad iyvnen 

RebvisaTvis.  
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suraTi 20: a) mikrotomi Leica RM 2135; b)wylis abazana Grale Scientific 

(Electrothermal). 

 

2.7.1.3. krioblokebis warmoeba 

krioblokebis preparatebi damzadebuli iyo ApoE-deficituri Tagvebis 

saZile arteriebisagan.   

amokveTili sisxlZarRvi dasawyisSi Txevadi azotiT savse sinjaraSi 

Tavsdeboda. krioblokebis warmoebisaTvis saWiro iyo sisxlZarRvis 

SesafuT siTxeSi e.w. Tissue Tek moTavseba. amasTan mniSvnelovani iyo, rom 

sisxlZarRvi aRniSnul siTxeSi vertikalur mdgomareobaSi unda 

pozicionirebuliyo. siTxe xanmokle droSi ganicdida gamyarebas da 

aseTnairad „SefuTuli“ sisxlZarRvi maleve Txevad azotSi Tavsdeboda da 

24 saaTis ganmavlobaSi masSi inaxeboda. mogvianebiT blokebs sayinuleSi 

80ºC vinaxavdiT maTi Semdgomi damuSavebisaTvis.    

 

2.7.1.4. krioblokebis daWra 

krioblokebis daWra mimdinareobda kriotom  Leica CM1900 UV gamoyenebiT. es 

xelsawyo gamoiyeneba swrafi rutinuli diagnostikisaTvis. mas aqvs bevri 

sivrce mosaxerxebeli muSaobisaTvis. anaTlebis usafrTxod da 

izolirebulad Sesanaxad xelsawyos aqvs sayinule kamera gancalkevebuli 

obieqtis gasayini sivrciT. yoveli calkeuli preparatidan mzaddeboda 
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minimum 10 gayinuli anaTali. kriotomi (ix.suraTi 21) yendeboda -20ºC 

temperaturaze. kriopreparatebis galRoba rom Tavidan yofiliyo 

acilebuli blokebs maTSi portatuli -80ºC sayinules saSualebiT 

gadavitandiT. Wrilis sisqe Seadgenda 5mkm. miRebuli anaTlebi 2-2- TiTo 

obieqtze iqna ganTavsebuli.  

                                                

suraTi 21: kriotomi Leica CM1900 UV 

 

garkveuli mzadeba iyo saWiro krioblokebis daWramde. sasagne minebi 

gamoyenebamde Sesabamisi safiqsacio weboTi ifarebodnen. manualuri  Rebvis 

SemTxvevaSi aseTi webovani fenis arseboba aucilebelia. sasagne minaze 

warwerebi fanqriT keTdeboda da Seicavdnen Semdeg infromacias: 

 cxovelis saxeli 

 preparatis saxeoba   (A.Carotis, r (marjvena) an (marcxena)) 

 fiqsacia (Formaldehyd) 

 nakrebis nomeri da preparatis nomeri  

 seriis nomeri  

 

2.7.2. histologiuri Rebva  

 

histologia ikvlevs ujredebisa da qsovilebis mikroskopul anatomias. 

Cveulebriv es xdeba ujredebisa da qsovilebis mcire anaTlebad 

damzadebisa da maTi Sesabamisi Rebvis gziT, rasac mosdevs maTi 

mikroskopuli gamokvleva. histologiaSi gamoyenebuli saRebavi 

nivTierebebi warmoSobiT qsovilovani industriidan arian. Rebva am 
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meTodis aucilebeli pirobaa vinaidan misi saSualebiT xdeba qsovilis 

vizualizacia kontrastisa da calkeuli maxasiaTeblebis erTmaneTisagan 

gamijvniT. amisaTvis movaxdineT ramdenime mikrometris zomis qsovilis 

anaTlebis damzadeba, Rebva da mikroskopis qveS Sefaseba. sanam eqperimentis 

nazi qsovilovani detalebis Sefaseba moxdeboda qsovili manamde 

srulyofilad muSavdeboda. arsebobs mravali sxvadasxva Rebvis meTodi, 

romlebic erTmaneTisagan saRebavebis qimiuri da fizikuri TvisebebiT 

ganirCeva. sisxlZarRvis qsovilis (A.Carotis) histologiuri warmodgenisaTvis 

am naSromSi ZiriTadad gamoyenebuli iqnen Semdegi Rebvis meTodebi: 

hematoqsilin – eoziniT H&E da Rebvis meTodi e.w. perioduli mJavis Sif 

reaqcia  PAS (Periodic acid-Schiff reaction).  

 

2.7.2.1. parafinis da krioanaTlebis H&E-Rebva 

 

H&E Rebva aris histologiuri masalis yvelaze xSirad gamoyenebuli Rebvis 

meTodi. H&E Rebva warmoadgens mimoxilviTi Rebvis meTods. birTvebi 

upirvelesad iRebeba hematoqsilinis xsnariT. isini vlindebian lurjad, 

muq iisfrad an Savad. meore nabiji aris  sawinaaRmdego Rebva qsanTenis 

saRebavis gamoyenebiT (Eosin G oder B an Erythrosin B). citoplazma, kolageni, 

keratini da eriTrocitebi iRebebian wiTlad.   

H-Rebvis Semdeg ujredis birTvebi Cndebian mowiTalo-moyavisfrod. 

saRebavi xsnaris dabali pH-maCveneblis gamo. PH- maCveneblis momatebiT 

gamdinare wyalSi garecxviT saRebavis feri gadadis tipiur molurjo-

iisferSi. sabolood ki adgili aqvs citoplazmis Rebvas eozinis 

alkoholur / wylisSemcvel xsnarSi. recxvis Semdgomi etapebis gamoyenebiT 

alkoholis xsnarebSi mzardi koncentraciiT sabolood absolitur 

spirtamde adgili aqvs qsovilidan wylis gamoZevebas. sabolood ki 

gauwyloebuli anaTali moTavsdeba organul xsnarSi rogoricaa magaliTad 

qsiloli da sasagne minaze daifareba safari miniT. es anaTali da aseTi 

Rebvis Sedegi narCundeba aTwleulebis ganmavlobaSi da yovelTvis 

SesaZlebelia maTi mikroskopuli daTvaliereba 
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xsnarebi da masalebi  H&E-RebvisaTvis 

 

 xsnari Lillie Mayer Hämallum (ix. zeviT) 

 xsnari Scott’s Brauchwasse Substitut 

 beferirebuli alkoholuri eozinofiluri xsnari 

 beferirebuli alkoholuri samuSao xsnari 

 natriumis acetatis xsnari 

 ZmarmJavas xsnari 

 gamdinare wyali 

 gamoxdili wyali 

 eTanoli 95% und 100% 

 DPX (CarTvis-safiqsacio saSualeba sasagne minasa da safar minas 

Soris) 

 safari mina 

 

saRebavi xsnaris momzadeba 

xsnari raodenoba 

(g) 

LILLIE MAYER HÄMALLUM 

 Hämatoxylin 

 Ammonium alum (aluminium sulphate) 

 gamoxdili wyali 

5gg 

50g 

700ml 

Hämatoxylin da Ammonium alum mciredi SecxelebiT gaixsna gamoxdil wyalSi. 

xsnari SevagrileT da davumateT Semdegi: 

 1% Sodiumiodat 

 kristaluri ZmarmJava 

 Glycerol 

30ml 

20ml 

300ml 

DER SCOTT’S BRAUCHWASSER SUBSTITUT  

 Sodium Bicarbonate (NaHCO3) 

 Magnesiumsulphat (MgSO4) 

 gamoxdili wyali 

8.75g 

50.0g 

2500.0ml 

moxda am komponentebis Sereva da gaxsna.  
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buferuli alkoholuri eozinis xsnarebi 

alkoholuri eozini 

 eozini  

 gamoxdili wyali          kargad unda Seerion erTmaneTSi da 

gaixsnan 

 sufTa alkoholi 

10g 

50ml 

950ml 

0.2M SODIUM ACETATE IN 95% eTanoli 

 Sodium acetate  

 95% eTanoli 

8.2g 

500ml 

1M ESSIGSÄURE IN 95% eTanoli 

 Eisessig 

 95% eTanoli 

31.2ml 

520.0ml 

buferuli alkoholuri eozini - samuSao xsnari 

 alkoholuri eozini  

 0.2 M Natriumacetat (alkoholisch) 

 1M Essigsäure (alkoholisch) 

 95% eTanoli 

500ml 

80ml 

170ml 

1250ml 

cxrili 16 

 

procedura 

 

formalinSi dafiqsirebuli parafinis anaTlebi tipiuri meTodiT 

deparafinirdnen da dehidrirdnen (Xylene 10 Minuten/2x, Ethanol 100%/2x, Ethanol 

95%, Aqua destillata). 
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parafin da krio anaTlebis 

SeRebva 

DxangrZlivoba moqmedeba 

 gamdinare wyali 5 wuTi recxva 

 Lillie Mayer Haemalum 8 wuTi ujreduli 

birTvebis Rebva 

 gamdinare wyali 10-20 wuTi recxva 

 galurjeba Scott’s 

Brauchwasser-Si 

30 wami lurji feris 

Camorecxva da 

samizne 

struqturebze 

feris fiqsacia 

 gamdinare wyali 10-20 wuTi recxva 

 95% Ethanol 10 wami diferencireba 

 buferirebuli 

alkoholuri eozini 

10 wuTi ujredis 

plazmisa da 

intraceluluri 

substaciebis 

Rebva 

 absoluturi alkoholi3x 

      Ethanol 95%, 100%, 100%,  3x 

 Xylene 2x 

10 wami / 3 

jer2-3 wami 

dehidrirdes 

 amoReba da DPX Cadeba 

 sasagne miniT dafarva 

(moveridoT haeris 

buStukebs) 

  SeifuTos 

cxrili 17 

wyaro 

 Lillie, RD (1942). Stain Technol 17:89 

 Lillie, RD (1941). Stain Technol 16:1 

 Scott, SG (1912). J Path Bact 16:390 

 Blake, J (1970). HISTOLOGICAL METHODS, RMIT Appl Biol, 31. 
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2.7.2.2.  parafinisa da krio anaTlebis PAS - Rebva 

periodmJava-leikofiqsiniT Rebva (Periodsäure-Leukofuchsin) aris histologiaSi 

xSirad gamoyenebuli Rebvis teqnika. PAS - RebviT upiratesad glikogeni 

iRebeba. igi vlindeba wiTlad, birTvebi ki sapirispirod lurjad.    

xsnarebi da masalebi PAS - RebvisaTvis 

 periodmJavis xsnari 

 Schiff reagentis xsnari 

 Lillie Mayer’s Hämallumlösung (ix. zemoT) 

 Scott’s Brauchwasser Substitut 

 gamoxdili wyali 

 gamdinare wyali 

 Ethanol 95% und 100% 

 DPX (CarTvis-safiqsacio saSualeba sasagne minasa da safar minas 

Soris) 

 542 filtris qaRaldi 

 safari mina 

 

saRebavi xsnaris momzadeba 

xsnari raodenoba 

(ml) 

periodmJava (1%) 200 

1g Periodsäure ganvazaoT 100ml gamoxdil wyalSi  

SCHIFF reagenti 400 

xsnari I: 2g Pararosanilin Azetat in 60ml 1N HCL ixsneba (85ml HCL 

Konzentrat/1L Wasser )  

xsnari II: 4g Sodium Metabisulhite in 340 ml gamoxdil wyalSi 

ixsneba 

aRwera: 

xsnari I da xsnari II Sereva  

Ramis ganmavlobaSi gaCereba  

4g aqtivirebuli Charcoal damateba 

SenjRreva, 10 wuTi gaCereba 
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542 filtris qaRaldSi gafiltvra 

(xsnari unda iyos kristalurad sufTa da unda iqnes 

ganTavsebuli 4ºC)  

LILLIE MAYER’S HÄMALLUM 

(ix.H&E-RebvaSi)  

DER SCOTT’S BRAUCHWASSER SUBSTITUT 

(ix.H&E-RebvaSi)  

cxrili 18 

 

procedura 

formalinSi dafiqsirebuli parafinis anaTlebi tipiuri zemoT aRwerili 

gziT deparafinirdebian da rehidrirdebian  (Xylene 10wuTi/2x, Ethanol 100%/2x, 

Ethanol 95%, Aqua destillata). 

 

parafinisa da krio anaTlebis 

Rebva 

xangrZlivoba moqmedeba 

 gamdinare wyali 5 wuTi recxva 

 anaTlebis gadatana 

gamoxdil wyalSi 

1-2 wuTi recxva 

 1% Periodsäure  5 wuTi oqsidacia 

  gamdinare wyali 10 wuTi recxva 

 gamoxdil wyalSi CaSveba 2-3 wami recxva 

 Schiff Reagent 10-20 wuTi Rebva 

  gamoxdil wyalSi CaSveba 2-3 wami recxva 

 gamdinare wyali 15 wuTi recxva 

 Lillie Mayer Haemalum 30 wamidan1 

wuTamde 

Rebva 

 gamdinare wyali 5 wuTi recxva 

 Bläuen in Scott’s Brauchwasser 30 wami lurji feris 

gamorecxva da 

feris fiqsacia 
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samizne 

struqturebze 

 gamdinare wyali 5 wuTi recxva 

 95% Ethanol 

 95% Ethanol 

 Xylene  

2 wuTi / 3 jer5 

wuTi / 2 jer 

5 wuTi / 2 jer 

dehidrireba 

 amoReba da DPX moTavseba 

 safari minis dafareba 

(moveridoT haeris 

buStukebis ganviTarebas) 

 SeifuTos 

cxrili 19 

 

wyaros CamonaTvali 

 Hans-Christian Burck: Histologische Technik, Thieme-Verlag, Stuttgart, ISBN 3-13-

314306-9 

 Werner Tackmann: Repetitorium der Histologie: Teil 1 Zell- und Gewebelehre, 1999, ISBN 

3-932723-00-7 Teil 2 Organe und Systeme. 1999, ISBN 3-932723-01-5 

 Gudrun Lang: Histotechnik. 2006, Springer-Wien-New York, ISBN 3-211-33141-7 

 J.A. Kiernan: Histological and histochemical Methods. 1999, Arnold, ISBN 0-7506-4936-4 

 

 

2.7.3. sudan IV-Rebva (Sudan-Herxheimer’s Staining) 

 

sudanis saRebavebi aris sinTezurad miRebuli azosaRebavebi. isini 

ixsnebian naxSirwylebSi, cximebSi da amdenad mowodebulia swored am 

nivTierebebis SesaRebad.  

 

saRebavi PAS-Rebvis masala da xsnarebi 

 sudan-acetoni 

 gamdinare wyali da eTanoli 70%  

 542 filtris qaRaldi 

 

 

http://de.wikipedia.org/wiki/Spezial:ISBN-Suche/3133143069
http://de.wikipedia.org/wiki/Spezial:ISBN-Suche/3133143069
http://de.wikipedia.org/wiki/Spezial:ISBN-Suche/3932723007
http://de.wikipedia.org/wiki/Spezial:ISBN-Suche/3932723007
http://de.wikipedia.org/wiki/Spezial:ISBN-Suche/3932723015
http://de.wikipedia.org/wiki/Spezial:ISBN-Suche/3211331417
http://de.wikipedia.org/wiki/Spezial:ISBN-Suche/0750649364
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sudanis xsnaris warmoeba  

xsnari   raodenoba 

(g,ml) 

Sudan-Herxheimer’s xsnari  

 Sudan IV- saRebaviEthanol 70% 

 Azeton 

5 g 

500 ml 

500 ml 

xsnari Serevisa da gamoyenebis Semdeg gaifiltra. igi gadatanil 

iqna Tavdacul sinjaraSi da ase iqna Senaxuli oTaxis 

temperaturaze.  

cxrili 20 

 

procedura 

A.carotis SeRebva xangrZlivoba moqmedeba 

 Ethanol 70% 1 Min. cximis mocileba 

 Sudan-Herxheimer’s xsnari 20 Min. Rebva 

 Ethanol 80% CaSveba 10 Sek. recxva 

 Ethanol 80% 20 Min. dehidrireba 

 gamdinare wyali 60 Min. recxva 

cxrili 21:  

wyaros CamonaTvali 

 R.D.Lillie. Conn’s Biological Stains. Williams & Wilkins, Baltimore, MD, U.S.A. 

 E.Gurr, (1971). Synthetic dyes in biology, medicine and chemistry. Academic Press, 

London, England. 

 Aldrich chemical catalogue, 1992. Aldrich Chemical Company, Milwaukee, WI, USA. 
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2.7.4.mikroskopia  

mikroskopiisaTvis histologiis ganyofilebaSi mikroskopebis didi arCevani 

iyo  (Baker Heart and Diabetes Research Institute, Melbourne, Australia). Semdegi 

xelsawyoebi iqna gamoyenebuli am naSromis farglebSi: Olympus BH2, AxioCam 

MRc5 da LG diseqciuri mikroskopi.   

 

2.8. statistikuri gamokvleva 

statistikuri damuSaveba moicavda saSualo sidideebis (М) da maTi 

saSualo standartuli gadaxris gamoTvlas Mean+ Std; 

jgufebs Soris gansxvavebis Sefasebas vaxdendiT raodenobrivi 

maCveneblebisaTvis stiudentis koeficientiT ormxrivi kritikuli arisTvis, 

damokidebuli amonarCevisaTvis viyenebdiT t-  Test Paired Two Sample for Mean, 

xolo damoukidebeli amonarCevisთvis t- independent Test, sadac dispersiebis 

toloba mowmdeboda levenis testiT. 

parametrebs Soris urTierTkavSiris dasadgenad Catarda pirsonis 

korelaciuri analizi (pearson).  95% -iani sarwmunoebis albaTobiT (p<0,05). 

maTematikuri uzrunvelyofa ganxorcielda programebis paketis SPSS 17-0 –is 

gamoyenebiT.
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3. kvlevis Sedegebi 

 

3.1. HMEC-1 ujredul kulturaze muSaobis Sedegebi 

 

endoTeluri ujredebi TamaSoben kritikul rols kompleqsur 

fiziologiur da paTofiziologiur procesebSi rogoric aris leikocit-

endoTeluri urTierTqmedeba, anTeba, angiogenezi, Wrilobis Sexorceba da 

a.S. am meqanizmebis Sesaswavlad, mraval kvlevaSi gamoyenebul iqna 

endoTeluri ujreduli kulturebi. am naSromSi rogorc zemoT ukve 

avRniSneT gamoyenebul iqna  HMEC-1 endoTelur ujreduli kultura. qvemoT 

warmodgenil gamosaxulebaze kargad Cans gamosakvlevad momzadebuli 

endoTeluri ujredebis monomolekularuli ujredebis Sre. aucilebeli 

piroba dagegmili cdebis Casatareblad Tavidanve iyo am ujredebze  VCAM-

1 receptoris eqspresiis arseboba. 

 

 

suraTi 22: HMEC-1 monomolekularuli ujredebis Sre 
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3.2. receptoreqspresiis gansazRvra gamdinare citometriis gamoyenebiT  

(FACS) 

 

imisaTvis, rom warmogvedgina HMEC-1  ujredebis rogorc fenotipuri 

maxasiaTeblebi aseve maTi stimulaciisa da transfeqciis Semdgomi 

cvlilebebi CavatareT zogierTi endoTelur ujredTan asocirebuli 

epitopis gamdinare citometriuli analizi. VCAM-1- da CD7- eqspresia 

Sefasda rogorc arastimulirebul aseve  IL1-β da TNF-α  stimulirebul 

endoTelur ujredebze.   

 

 
 

suraTi 23: VCAM-1 da CD7 eqspresia IL1-β- da  TNF-α stimulirebul HMEC-1 ujredebze 

 

rogorc es gamosaxulebaze Cans  HMEC-1 ujredebze eqspresirebulia orive 

es antigeni. ujredebis stimulaciam ki gviCvena CD7 da gansakuTrebiT ki 

VCAM-1 eqspresiis mkveTri mateba.  

CD7 da VCAM-1 eqspresia gamokvleul iqna aseve  CD7/VCAM-1 konstruqtis 

saSualebiT endoTeluri ujreduli kulturis transfeqciis Semdeg. 

gamoyenebuli iyo konstruqti virusis sxvadasxva koncentraciebiT raTa 

SegverCia misi efeqturi koncentracia da igi SemdgomSi dinamiur adheziur 

kvlevebSi gamdinare kameris cdebSi gamogveyenebina.    
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suraTi 24: VCAM-1 da CD7 eqspresia CD7/VCAM-1 konstruqtiT transficirebul  HMEC-1 

ujredebze 

 

 

warmodgenil histogramebze kargad Cans CD7/VCAM-1 konstruqtis 

zemoqmedeba  HMEC-1 ujredebze, kerZod ki am ujredebis mier VCAM-1 

receptoris eqspresiis daTrgunva samive koncentraciis gamoyenebisas. es 

cvlileba Zalian TalsaCinoa aratransficirebul-arastimulirebul da 

transficirebul-stimulirebul ujredebze eqpresiis Sedarebisas (ix 

histogramebi suraTebze 23 da 24). aqve unda aRiniSnos, rom konstruqtis 

koncentracia 0.5μl (2,1 * 10
9
 PFU / ml) am TvalsazrisiT yvelaze efeqturi 

aRmoCnda. aqedan gamomdinare Semdgom gamdinare kameris dinamiur adheziur 

kvlevebSi gamoyenebul iqna swored konstruqtis es koncentracia. 

 

 

3.3. dinamiuri adheziuri kvlevis Sedegebi (Flow Chamber) 

3.3.1. monocitebis adheziis blokada endoTelur ujredebze dinebis 

pirobebSi  

monocit-endoTelur urTierTqmedebaze xsnadi proteinis CD7/VCAM-1 

zegavlenis dinebis pirobebSi Sesaswavlad aRniSnuli naSromis farglebSi 

gamoyenebul iqna gamdinare kameris meTodi. monocitaruli receptori  VLA-

4 mniSvnelovan rols TamaSobs monocitebisa da endoTeliumis 

urTierTqmedebis procesSi. VCAM-1 ki TviT warmoadgens ligands VLA-4-

saTvis. monocitebis endoTeliumze adhezia swored am kavSiris saSualebiT 

aris ganpirobebuli. Sesabamisad VCAM-1-is blokada didi mniSvnelobisaa 
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da CD7/VCAM-1 konstruqtma SesaZloa samomavlo Terapiuli gamoyenebac ki 

hpovos. unda gadamowmebuliyo ramdenad warmoadgenda Tavisi aqtivaciis 

specifiurobas es konstruqti dinamiur adheziur funqciur cdebSi. zemoT 

aRwerili oqmis Tanaxmad Catarda dinamiuri adheziuri kvlevebi HMEC-1 

ujreduli kulturis saSualebiT. monocitebi adamianis sisxlidan fikol 

gradientis saSualebiT iqnen gamoyofilni. CD7/VCAM-1 konstruqtis 

monocit-endoTeluri urTierTqmedebis inhibiciis potencialis 

Sesafaseblad vikvlevdiT monocitebis HMEC-1 endoTelur ujredul 

kulturaze pirvelad adheziasa (e.w.brunvasa) da mtkice adhezias rogorc 

endoTeluri kulturis sxvadasxva pirobebSi aseve monocitebis anti-CD49d 

antisxeuliT damuSavebis, HMEC1 ujredebis CD7/VCAM1 da GFP 

konstruqtebiT transfeqciisa da IL1-β da TNF-α stimulaciis sxvadasxva 

kombinaciaSi. monocitebis brunva da adhezia HMEC-1 endoTeluri kulturis 

zedapirze Sefasebul iqna paralelur gamdinare kameraSi 

winaswargansazRvruli dinebis siCqaris 15 dynes/cm
2 fonze. ujredebis 

adhezia da brunva vizualizebul iqna video mikroskopis saSualebiT, eqvsi 

randomulad SerCeuli are 5 wamian videofilmebSi iqna gaanalizebuli.  
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suraTi 25: A - adherirebuli monocitebi aratransficirebul HMEC-1 ujredebze; B – 

adherirebuli monocitebi CD7/VCAM-1 transficirebul HMEC-1 ujredebze; C - 

adherirebuli monocitebi IL1-β stimulirebul HMEC-1 ujredebze; D - adherirebuli 

monocitebi IL1-β stimulirebul da CD7/VCAM-1 transficirebul  HMEC-1 ujredebze;  

E -adherirebuli monocitebi TNF-α stimulirebul HMEC-1 ujredebze; 

F -  adherirebuli monocitebi TNF-α stimulirebul da CD7/VCAM-1 transficirebul 

HMEC-1 ujredebze; 

saintereso iyo transficirebul ujredebze monocitebis urTierTqmedebis 

Sedareba aratransficirebul kulturasTan. amasTanave rogorc iyo 

aRniSnuli adgili qonda endoTeluri ujredebis stimulacias ori 

sxvadasxva stimulatoriT IL1-β da TNF-α da maT imavdroul transfeqcias 

CD7/VCAM-1 konstruqtiT. saintereso iyo anti- VCAM1, anti-VLA-4, anti-

ICAM1 antisxeulebis zemoqmedebis Seswavlac monocit-endoTeluri 

urTierTqmedebisas. cxrilebSi qvemoT warmodgenilia TiToeul sakvlev 

gjufSi miRebuli Sedegebi. 
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3.3.2. monocitebis endoTeliumis zedapirze mtkice adheziis Seswavlis 

Sedegebi: 

cxrili 22 

monocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizi 

CD7/VCAM1 transficirebul endoTelur ujredul kulturaze 

 

 

 

cxrilidan Cans, rom CD7/VCAM1-iT transficirebul endoTelur 

ujredebze monocitebis adheziis saSualo mniSvneloba sarwmunod 

naklebia, vidre  GFP-iT  transficirebul endoTelur ujredebze. 

 

cxrili 23 

Mmonocitebis adheziis saSualo maCveneblebis SedarebiTi analizi IL1β da 

TNFα stimulirebul endoTelur ujredul kulturaze 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1-IL1+Monos 46.06 6.774 0.0000 
HMEC1-TNF+Monos 33.51 4.715 

HMEC1-IL1+Monos-antiCD49 42.89 8.076 0.1923 

HMEC1-TNF+Monos-antiCD49d 41.94 4.109 

HMEC1-IL1-antiCD106+Monos 40.08 8.271 0.0038 

HMEC1-TNF-antiCD106+Monos 36.46 4.163 

HMEC1-IL1-antiCD106+Monos-

antiCD49d 

35.85 10.427 0.0000 

HMEC1-TNF-antiCD106+Monos-

antiCD49d 

23.45 5.790 

 

TvalsaCinoa, rom monocitebis adheziis saSualo mniSvneloba   IL1β-iT 

stimulirebul endoTelur ujredul kulturaze sarwmunod metia vidre 

TNFα –iT stimulirebul endoTelur ujredul kulturaze. 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1-CD7/VCAM1+Monos 6.59 1.890 0.0015 

HMEC1-GFP+Monos 16.02 2.478 

HMEC1-CD7/VCAM1+Monos-antiCD49d 5.88 1.967 0.0001 

HMEC1-GFP+Monos-antiCD49 18.60 2.416 

HMEC1-CD7/VCAM1-antiCD106+Monos 4.57 1.969 0.0000 

HMEC1-GFP-antiCD106+Monos 17.33 2.250 

HMEC1-CD7/VCAM1-antiCD106+Monos-
antiCD49d 

4.08 2.051 0.0028 

HMEC1-GFP-antiCD106+Monos-antiCD49 14.29 2.077 
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cxrili 24 

monocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizi 

endoTelur ujredul kulturaze CD7/VCAM1 trancfeqciiT/transfeqciis  

gareSe 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos 19.29 2.986 0.0000 

HMEC1+Monos+CD7/VCAM1 6.59 1.890 

HMEC1+Monos-antiCD49 17.44 2.164 0.0019 

HMEC1+Monos-antiCD49+CD7/VCAM1 12.88 1.967 

HMEC1-antiCD54+Monos 16.90 7.242 0.2349 

HMEC1-antiCD54+Monos+CD7/VCAM1 16.74 6.750 

HMEC1-antiCD54+Monos-antiCD49 14.87 4.966 0.1131 

HMEC1-antiCD54+Monos-
antiCD49+CD7/VCAM1 

14.77 5.035 

HMEC1-antiCD106+Monos 12.73 2.494 0.0012 

HMEC1-
antiCD106+Monos+CD7/VCAM1 

7.56 1.969 

HMEC1-antiCD106+Monos-antiCD49 10.71 2.157 0.0000 

HMEC1-antiCD106+Monos-
antiCD49+CD7/VCAM1 

4.08 2.051 

 

cxrilidan Cans, rom monocitebis adheziis  saSualo mniSvneloba 

aratransficirebul endoTelur ujredul kulturaze sarwmunod metia 

vidre CD7/VCAM1 transfeqciis SemTxvevaSi. 

 

cxrili 25 

Mmonocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizi 
endoTelur ujredul kulturaze IL1β stimulaciiT/ stimulaciis gareSe 

 

 

 

 

 

 

 

endoTeluri 

kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos 21.29 2.986 0.0001 

 HMEC1+Monos +IL1 46.06 6.774 

HMEC1+Monos-antiCD49 26.44 2.164 0.0021 

 HMEC1+Monos-antiCD49+IL1 42.89 8.076 

HMEC1-antiCD106+Monos 12.73 2.494 0.0000 

 HMEC1-antiCD106+Monos+IL1 40.08 8.271 

HMEC1-antiCD106+Monos-antiCD49 10.71 2.157 0.0003 

 HMEC1-antiCD106+Monos-antiCD49+IL1 35.85 10.427 
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TvalsaCinoa, rom monocitebis adheziis  saSualo mniSvneloba endoTelur 

ujredul kulturaze IL1β stimulaciiT sarwmunod metia vidre 

stimulaciis gareSe. 

cxrili 26 

monocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizi 

endoTelur ujredul kulturaze TNFα stimulaciiT/ stimulaciis gareSe 

 

 

 

 

 

 

 

 

 

 

cxrilidan Cans, romMmonocitebis adheziis  saSualo mniSvneloba 

endoTelur ujredul kulturaze TNFα stimulaciiT   sarwmunod metia 

vidre stimulaciis gareSe. 

 

cxrili 27 

 

Mmonocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizi IL1β 
stimuliorebul da CD7/VCAM1 transficirebul  endoTelur ujredul 

kulturaze 
 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos+IL1 46.06 6.774 0.0002 

HMEC1+Monos+IL1-CD7/VCAM1 3.66 2.520 

HMEC1+IL1+Monos-antiCD49 42.89 8.076 0.0014 

HMEC1+IL1+CD7/VCAM1+Monos-
antiCD49 

3.46 2.133 

HMEC1-antiCD106+Monos+IL1 40.08 1.126 0.0023 

HMEC1-antiCD106+Monos+IL1-
CD7/VCAM1 

3.21 0.243 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos 21.29 2.986 0.0012 
 

HMEC1+Monos +TNF 31.51 4.715 

HMEC1+Monos-antiCD49 17.44 2.164 0.0037 
 

HMEC1+Monos-antiCD49+TNF 29.84 4.109 

HMEC1-antiCD106+Monos 12.73 2.494 0.0123 
 

HMEC1-antiCD106+Monos+TNF 24.46 4.163 

HMEC1-antiCD106+Monos-antiCD49 10.71 2.157 0.0001 
 

HMEC1-antiCD106+Monos-
antiCD49+TNF 

23.45 5.790 
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HMEC1-antiCD106+Monos-
antiCD49+IL1 

35.85 1.419 0.0000 

HMEC1-antiCD106+IL1-
CD7/VCAM1+Monos-antiCD49 

2.53 0.217 

 

TvalsaCinoa, romMmonocitebis adheziis saSualo mniSvneloba IL1β 

stimulirebul endoTelur ujredul kulturaze  sarwmunod metia vidre  

CD7/VCAM1 transficirebul  endoTelur ujredul kulturaze. 

 

cxrili 28 

monocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizi TNFα 
stimulirebul daCD7/VCAM1 transficirebul  endoTelur ujredul 

kulturaze 
 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos+TNF 33.51 4.715 0.0000 

HMEC1+Monos+TNF -CD7/VCAM1 7.74 2.953 

HMEC1+Monos-antiCD49+TNF 29.84 4.109 0.0086 

HMEC1+Monos-antiCD49+TNF -
CD7/VCAM1 

9.55 3.348 

HMEC1-antiCD106+Monos+TNF 27.46 4.163 0.0127 

HMEC1-antiCD106+TNF -
CD7/VCAM1+Monos 

12.75 3.134 

HMEC1-antiCD106+Monos-
antiCD49+TNF 

23.45 5.790 0.0000 
 

HMEC1-antiCD106+Monos-
antiCD49+TNF -CD7/VCAM1 

4.17 2.806 

 

cxrilidan Cans, rom monocitebis adheziis saSualo mniSvneloba TNFα 

stimulirebul endoTelur ujredul kulturaze  sarwmunod metia vidre  

CD7/VCAM1 transficirebul  endoTelur ujredul kulturaze. 
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3.3.3. monocitebis endoTeliumis zedapirze brunvis/pirveladi adheziis 

Seswavlis Sedegebi: 

cxrili 29 

Mmonocitebis brunvis saSualo mniSvnelobaTa SedarebiTi analizi 
CD7/VCAM1 transficirebul endoTelur ujredul kulturaze 

 
endoTeluri 

kultura/stimulacia/transfeqcia/ 
monocitebi 

Mean Std. Dev. p 

HMEC1-CD7/VCAM1+Monos 13.77 2.817 0.0025 

HMEC1-GFP+Monos 28.36 2.046 

HMEC1-CD7/VCAM1+Monos-antiCD49d 13.47 2.573 0.0037 

HMEC1-GFP+Monos-antiCD49 26.38 1.939 

HMEC1-CD7/VCAM1-antiCD106+Monos 11.93 3.286 0.0018 

HMEC1-GFP-antiCD106+Monos 24.43 2.598 

HMEC1- CD7/VCAM1-antiCD54+Monos-antiCD49 12.47 3.173 0.0001 

HMEC1-GFP-antiCD106+Monos-antiCD49 23.46 1.952 

 
TvalsaCinoa, rom CD7/VCAM1-iT transficirebul endoTelur ujredebze 
monocitebis brunvis saSualo mniSvneloba  sarwmunod naklebia, vidre  GFP-

iT transficirebul endoTelur ujredebze. 

 

cxrili 30 

Mmonocitebis brunvis saSualo mniSvnelobaTa SedarebiTi analizi IL1β, TNFα 

stimulirebul endoTelur ujredul kulturaze 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1-IL1+Monos 51.96 8.300 0.0005 

HMEC1-TNF+Monos 35.28 5.835 

HMEC1-IL1+Monos-antiCD49 48.44 8.643 0.0029 

HMEC1-TNF+Monos-antiCD49d 31.49 5.077 

HMEC1-IL1-antiCD106+Monos 43.38 9.380 0.023 

HMEC1-TNF-antiCD106+Monos 32.02 4.613 

HMEC1-IL1-antiCD106+Monos-antiCD49d 38.05 11.738 0.0003 

HMEC1-TNF-antiCD106+Monos-antiCD49d 25.75 5.496 

 
monocitebis brunvis saSualo mniSvneloba IL1β-iT stimulirebul 
endoTelur ujredul kulturaze sarwmunod metia vidre TNFα -iT 
stimulirebul endoTelur ujredul kulturaze. 
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cxrili 31 

monocitebis brunvis saSualo mniSvnelobaTa SedarebiTi analizi 

endoTelur ujredul kulturaze CD7/VCAM1 trancfeqciiT/transfeqciis  

gareSe 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos 29.47 3.350 0.0000 

HMEC1+Monos+CD7/VCAM1 13.77 2.817 

HMEC1+Monos-antiCD49 23.84 3.543 0.0014 

HMEC1+Monos-antiCD49+CD7/VCAM1 18.47 2.573 

HMEC1-antiCD54+Monos 25.63 5.893 0.1795 

HMEC1-antiCD54+Monos+CD7/VCAM1 25.24 2.920 

HMEC1-antiCD54+Monos-antiCD49 22.91 3.096 0.1090 

HMEC1-antiCD54+Monos-
antiCD49+CD7/VCAM1 

22.47 3.173 

HMEC1-antiCD106+Monos 20.40 2.664 0.0000 

HMEC1-
antiCD106+Monos+CD7/VCAM1 

11.93 3.286 

HMEC1-antiCD106+Monos-antiCD49 17.56 2.437 0.0000 

HMEC1-antiCD106+Monos-
antiCD49+CD7/VCAM1 

10.43 3.467 

 

monocitebis brunvis  saSualo mniSvneloba  aratransficirebul 

endoTelur ujredul kulturaze sarwmunod metia vidre CD7/VCAM1 

transfeqciis SemTxvevaSi. 

 

 

cxrili 32 

 

Mmonocitebis brunvis saSualo mniSvnelobaTa SedarebiTi analizi 

endoTelur ujredul kulturaze IL1β stimulaciiT/ stimulaciis gareSe 
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endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos 29.47 3.350 0.0059 

HMEC1+Monos +IL1 41.96 8.300 

HMEC1+Monos-antiCD49 23.84 3.543 0.0129 

HMEC1+Monos-antiCD49+IL1 34.44 8.643 

HMEC1-antiCD106+Monos 20.40 2.664 0.0000 

HMEC1-antiCD106+Monos+IL1 43.38 9.380 

HMEC1-antiCD106+Monos-antiCD49 17.56 2.437 0.0012 

HMEC1-antiCD106+Monos-
antiCD49+IL1 

28.05 11.738 

 

TvalsaCinoa, rom monocitebis brunvis saSualo mniSvneloba  endoTelur 

ujredul kulturaze IL1β stimulaciiT sarwmunod metia vidre 

stimulaciis gareSe. 

 

cxrili 33 

Mmonocitebis brunvis saSualo mniSvnelobaTa SedarebiTi analizi IL1β 

stimulirebul daCD7/VCAM1 transficirebul  endoTelur ujredul 

kulturaze 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos+IL1 51.96 8.300 0.0077 

HMEC1+Monos+IL1-CD7/VCAM1 9.54 3.976 

HMEC1+Monos-antiCD49+IL1 48.44 8.643 0.0001 

HMEC1+Monos +IL1-CD7/VCAM1 9.80 3.639 

HMEC1-antiCD106+Monos+IL1 43.38 9.380 0.0008 

HMEC1-antiCD106+Monos+IL1-
CD7/VCAM1 

9.31 3.024 

HMEC1-antiCD106+Monos-
antiCD49+IL1 

38.05 11.738 0.0000 

+IL1-CD7/VCAM1 5.23 2.409 

 

monocitebis brunvis saSualo mniSvneloba    IL1β stimulirebul 

endoTelur ujredul kulturaze  sarwmunod metia vidre CD7/VCAM1-iT 

transficirebul endoTelur ujredul kulturaze. 
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cxrili 34 

Mmonocitebis brunvis saSualo mniSvnelobaTa SedarebiTi analizi 

endoTelur ujredul kulturaze TNFα stimulaciiT/ stimulaciis gareSe 

 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos 29.47 3.350 0.0042 

HMEC1+Monos +TNF 35.28 5.835 

HMEC1+Monos-antiCD49 23.84 3.543 0.0019 

HMEC1+Monos-antiCD49+TNF 31.49 5.077 

HMEC1-antiCD106+Monos 20.40 2.664 0.0008 

HMEC1-antiCD106+Monos+TNF 29.02 4.613 

HMEC1-antiCD106+Monos-antiCD49 17.56 2.437 0.014 

HMEC1-antiCD106+Monos-
antiCD49+TNF 

25.75 5.496 

 

cxrilidan Cans, rom monocitebis brunvis saSualo mniSvneloba   

endoTelur ujredul kulturaze TNFα stimulaciiT   sarwmunod metia 

vidre stimulaciis gareSe. 

 

cxrili 35 

monocitebis brunvis saSualo mniSvnelobaTa SedarebiTi analizi TNFα 

stimuliorebul da CD7/VCAM1 transficirebul  endoTelur ujredul 

kulturaze 

endoTeluri 
kultura/stimulacia/transfeqcia/ 

monocitebi 

Mean Std. Dev. p 

HMEC1+Monos+TNF 35.28 5.835 0.0022 

HMEC1+Monos+TNF -CD7/VCAM1 11.15 3.031 

HMEC1+Monos-antiCD49+TNF 31.49 5.077 0.0005 

HMEC1+Monos-antiCD49+TNF -

CD7/VCAM1 
9.75 3.036 

HMEC1-antiCD106+Monos+TNF 29.02 4.613 0.0018 

HMEC1-antiCD106+TNF -

CD7/VCAM1+Monos 
8.35 3.537 

HMEC1-antiCD106+Monos-antiCD49+TNF 25.75 5.496 0.0021 

HMEC1-antiCD106+Monos-antiCD49+TNF -

CD7/VCAM1 
6.21 3.579 

monocitebis brunva TNFα stimulirebul endoTelur ujredul kulturaze  

sarwmunod metia vidre  CD7/VCAM1 transficirebul  endoTelur ujredul 

kulturaze. 
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3.3.4. korelaciuri analizis Sedegebi: 
 

cxrili 36 
korelacia endoTeliumis IL1β stimulaciasa da CD7/VCAM1 transfeqcias 

Soris monocitebis mtkice adheziis SemTxvevaSi 
parametrebi HMEC1-IL1β-

CD7/VCAM1+Monos 

HMEC1-IL1β -

CD7/VCAM1+Monos-

antiCD49d 

HMEC1-IL1β-

CD7/VCAM1-

antiCD106+Monos 

HMEC1-IL1β-

CD7/VCAM1-

antiCD106+Monos-

antiCD49d 

HMEC1-IL1 β 

+Monos 
-.100 
.472 

.009 

.949 

-.007 
.962 

-.106 

.445 

HMEC1-IL1 β 

+Monos-antiCD49 

-.182 
.189 

-.091 
.513 

-.092 
.508 

-.162 
.243 

HMEC1-IL1 β -

antiCD106+Monos 
-.096 
.490 

.003 

.980 
.016 
.907 

-.051 
.712 

HMEC1-IL1 β -

antiCD106+Monos-

antiCD49d 

-.106 
.444 

-.091 
.513 

-.015 
.916 

-.086 
.536 

 
 

cxrili 37 
 

korelacia endoTeliumis TNFα stimulaciasa da CD7/VCAM1 transfeqcias 
Soris monocitebis mtkice adheziis SemTxvevaSi 

 

parametrebi HMEC1- TNFα -
CD7/VCAM1+Monos 

HMEC1- TNFα -
CD7/VCAM1+Monos-

antiCD49d 

HMEC1- TNFα -
CD7/VCAM1-

antiCD106+Monos 

HMEC1- TNFα -
CD7/VCAM1-

antiCD106+Monos-
antiCD49d 

HMEC1-
TNFα+Monos 

.382
** 

.004 
.263 
.055 

.292
* 

.032 
.311

* 

.022 

HMEC1-
TNFα+Monos-

antiCD49d 

.144 

.301 
.018 
.898 

.058 

.674 
.118 
.394 

HMEC1-TNFα-
antiCD106+Monos 

.445
** 

.001 
.324

* 

.017 
.350

** 

.010 
.359

** 

.008 

HMEC1-TNFα-
antiCD106+Monos-

antiCD49d 

.346
* 

.010 
.284

* 

.037 
.303

* 

.026 
.327

* 

.016 
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cxrili 38 
korelacia endoTeliumis IL1β stimulaciasa da CD7/VCAM1 transfeqcias 

Soris monocitebis brunvis/pirveladi adheziis SemTxvevaSi 

parametrebi HMEC1-IL1 β -

CD7/VCAM1+Monos 

HMEC1-IL1 β -

CD7/VCAM1+Mono

s-antiCD49d 

HMEC1-IL1 β -

CD7/VCAM1-

antiCD106+Monos 

HMEC1-IL1 β -

CD7/VCAM1-
antiCD106+Mono

s-antiCD49d 

HMEC1-IL1 β 

+Monos 
-.251 
.068 

-.210 
.128 

-.134 
.333 

-.062 
.656 

HMEC1-IL1 β 

+Monos-antiCD49 

-.395(**) 
.003 

-.347(*) 
.010 

-.257 
.061 

-.212 
.124 

HMEC1-IL1 β -

antiCD106+Monos 
-.519(**) 

.000 
-.474(**) 

.000 
-.343(*) 

.011 
-.315(*) 

.020 

HMEC1-IL1 β -

antiCD106+Monos-
antiCD49d 

-.443(**) 
.001 

-.393(**) 
.003 

-.283(*) 
.038 

-.232 
.091 

 
 

cxrili 39 
korelacia endoTeliumis TNFα stimulaciasa da CD7/VCAM1 transfeqcias 

Soris monocitebis brunvis/pirveladi adheziis SemTxvevaSi 

 

parametrebi HMEC1- TNFα -

CD7/VCAM1+Monos 

HMEC1- TNFα -

CD7/VCAM1+Monos-

antiCD49d 

HMEC1- TNFα -

CD7/VCAM1-

antiCD106+Monos 

HMEC1- TNFα -

CD7/VCAM1-

antiCD106+Mon

os-antiCD49d 

HMEC1-
TNFα+Monos 

.208 

.132 
.157 
.258 

.175 

.207 
.240 
.080 

HMEC1-
TNFα+Monos-

antiCD49d 

.157 

.257 
.110 
.429 

.202 

.142 
.257 
.061 

HMEC1-TNFα-
antiCD106+Monos 

.469(**) 
.000 

.433(**) 
.001 

.502(**) 
.000 

.461(**) 
.000 

HMEC1-TNFα-
antiCD106+Monos-

antiCD49d 

.282(*) 
.039 

.221 

.109 
.378(**) 

.005 

.390(**) 
.004 

 

monocitebis pirveladi adheziis gjufebSi korelaciuri analizis Sedegad 

mniSvnelovania Semdegi korelaciuri kavSirebis gamovlena: 
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HMEC1- IL1β-CD7/VCAM1+Monos sarwmuno uaryofiT korelacias amJRavnebs 

HMEC1- IL1β+Monos-antiCD49-Tan, HMEC1- IL1β -antiCD106+Monos-Tan da HMEC1- 

IL1β-antiCD106+Monos-antiCD49d-Tan, Sesabamisad: r=-0.395, p=0.003,r=-0.519,p=0.000, r=-

0.443, p=0.001;  

HMEC1- IL1β-CD7/VCAM1+Monos-antiCD49d sarwmuno uaryofiT korelacias 

amJRavnebs  HMEC1- IL1β+Monos-antiCD49-Tan, HMEC1- IL1β-antiCD106+Monos-Tan da 

HMEC1- IL1β-antiCD106+Monos-antiCD49d-Tan, Sesabamisad: r=-0.347, p=0.010,r= -

.0474,p=0.000, r=-0.393, p=0.003;  

HMEC1- IL1β-CD7/VCAM1-antiCD106+Monos sarwmuno uaryofiT korelacias 

amJRavnebs HMEC1- IL1β-antiCD106+Monos da HMEC1- IL1β-antiCD106+Monos-

antiCD49d-Tan Sesabamisad r=-343, p=0.011, r=-283,p=0.038. 

HMEC1-IL1β-CD7/VCAM1-antiCD106+Monos-antiCD49d sarwmuno uaryofiT 

korelacias amJRavnebs HMEC1- IL1β-antiCD106+Monos-Tan, Sesabamisad r=-315, 

p=0.020.  

aRniSnulidan gamomdinare vaskvniT, rom rac metad stimulirebulia 

endoTeluri kultura IL1β stimulatoriT miT naklebia monocitebis 

pirveladi adhezia CD7/VCAM1 konstruqtiT transficirebuli 

endoTeliumis zedapirze.  

     

 

3.4. In Vivo samuSaoebis Sedegebi  

winare kvlevebma, romlebic ujreduli kulturis eqsperimentebis 

farglebSi Catarda, warmoaCina xsnadi proteinis CD7/VCAM-1 mainhibirebeli 

efeqti endoTeliumze monocitebis adheziasa da brunvasTan mimarTebaSi. 

Tumca maT mxolod nawilobriv SeeZloT adenoviraluri konstruqtis 

efeqtis gamovlena. saWiro iyo xsnadi proteinis gamoyenebiT VCAM-1 

receptoris konkurentuli inaqtivaciis Seswavla in vivo eqsperimentebSi. 

amisaTvis transgenuri ApoE-/- Tagvebi iqnen gamoyenebuli. am cxovelebs 

spontanurad da gansakuTrebiT cximiT mdidari dietis fonze uviTardebaT 

aTerosklerozuli folaqebi. unda Segveswavla xsnadi proteinis gavlena 

aTerogenezis sawyis procesze, konkretulad ki karotidul arteriaSi 

mimdinare paTologiur procesebze. es cxovelebi literaturaSi aRwerilia 
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rogorc yvelaze Sesaferisi cocxali modeli aTerosklerozis 

kvlevisaTvis.   

 rogorc es naSromis II TavSi iyo aRwerili in vivo kvlevebSi sxvadasxva 

gzebi gamoicada, raTa momxdariyo xsnadi konstruqtiT endoTeluri Sris 

transfeqcia. aplikaciis teqnikis gamoyenebisas GFP viraluri veqtoris 

SeRweva endoTeliumSi ar dadasturda, bioluminiscentruli mikroskopiiT 

mwvane mofluorescencire proteinis (dadebiTi kontrolis) endoTelur 

ujredebze vizualizacia ar gamovlinda, Tumca kargad Canda sisxlZarRvis 

gare Sreebisa da mimdebare qsovilebis luminsecencia. am meTodze muSaoba 

Sewyda.  

 

 

  

ara-ransficirebuli 

 

transficirebuli da CD7 FITC 

SeRebili 

 

suraTi 18: GFP kompleqsiT saZile arteriis vizualizacia 

 

 

aRwerili problemis wamoWris gamo SemuSavebul iqna alternatiuli 

transfeqciis teqnika. kerZod ki karotidul arteriaSi uwvrilesi 

kanulebis saSualebiT sasurveli masalis ineqciis operacia. qvemoT 

warmodgenilia Sedegebi, romlebic miviReT aRniSnuli kvlevebis Catarebis 

Semdgom.      

suraTi 26-ze TvalsaCinoa, rom saZile arteriaSi adgili qonda arteriis 
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paTologiur saxecvlilebas. unda aRiniSnos, rom es swored 

transfeqciisas inieqciis area. sainteresoa faqti, rom rogorc xsnadi 

proteinis gamoyenebisas aseve dadebiTi kontrolisa da uaryofiTi 

kontrolis - buferuli xsnaris (pH=7,4) gamoyenebis SemTxvevaSi adgili 

qonda mzgavsi paTologiuri cvlilebebis gamovlenas. 

  

suraTi 26: marcxniv - ApoE-/- Tagvis A. Carotis, transfeqciamde; marjvniv –ApoE-/- 

Tagvis A. Carotis CD7/VCAM1 transfeqciis Semdeg. 

 

 

3.4.1. ApoE-/- deficitur TagvebSi aTerosklerozis morfologiuri 

daxasiaTeba histologiuri kvlevis Sedegad 

ApoE-/- Tagvebi warmoadgenen saukeTeso cocxal aTerosklerozis models, 

romelTa dazianebul sisxlZarRvebze dakvirveba aTerosklerozis kvlevis 

SesaniSnavi saSualebaa. ApoE-/- Tagvebis sisxlZarRvis kedelSi 

aTerosklerozuli cvlilebebis warmosaCenad vamzadebdiT saZile 

arteriis histologiuri anaTlebs da vaxdendiT maT histologiur kvlevas 

zemoT aRwerili meTodebis gamoyenebiT. histologiur anaTlebSi unda 

gamogvekvlia aTerosklerozis gavrcelebis xarisxi literaturaSi 

aRwerili, aRiarebuli kriteriumebis Tanaxmad (rogorebic aris anTebis 

xarisxi, fibroblastebis proliferacia, leikocitebis infiltracia, 

hiperplazia da a.S.) da is cvlilebebi, rac SesaZloa moyoloda 

karotiduli arteriis CD7/VCAM1 konstruqtiT transfeqcias. am SromaSi 

histologiurma gamokvlevebma gviCvena, rom  ineqciis teqnikis gamoyenebas 
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Sedegad qonda sisxlZarRvebSi gansakuTrebiT ki ineqciis areSi 

paTologiuri cvlilebebis ganviTareba. amdenad nacvlad imisa, rom 

gamogvekvlia konstruqtis efeqti, naoperacieb transficirebul karotidul 

arteriebSi ganviTarda gluvi kunTovani qsovilis proliferacia, arteriis 

kedlis fibrozuli masebiT, kompeqsuri naxSirwylebiT, kalciumis 

depozitebiT, lipidebiTa da makrofagebiT infiltracia.   

 

3.4.2. paTologiuri aTerosklerozuli cvlilebebi warmodgenili  H&E da 

PAS Rebvis meTodebiT 

hematoqsilin-eoziniT Rebva aris histologiuri Rebvis erTerTi meTodi, 

romlis saSualebiTac adgili aqvs rbili qsovilis anaTalis sxvadasxva 

struqturis vizualizacias. hematoqsilini aris bunebrivi saRebavi. 

imisaTvis rom man Tavisi Rebvis unari gamoavlinos igi hemalaumad unda 

gardaiqmnas. hemalaumi ki yvela mJava bazofilur struqturas lurjad 

Rebavs, gansakuTrebiT ki ujredis birTvebs (romlebic dnm-s Seicaven) da 

SiSvel endoplazmur  retikulums. eozini aris sinTezuri mJava nivTiereba 

da Rebavs yvela acidofilur kerZod ki bazalur struqturebs winTlad, 

rac pirvel rigSi moicavs ujredis plazmur proteinebs.   

H&E-Rebvam mogvca saSualeba gamogvevlina aTerosklerozuli cvlilebebis 

ganviTarebis xarisxi  ApoE-/-  deficitur TagvebSi. Rebvis es meTodi aris 

yvelaze farTod gamoyenebuli meTodi qsovilis, upiratesad ki 

endoTeliumis SefasebisaTvis. gamosaxulebebi qvemoT warmoadgenen ApoE-/-  

deficitur TagvebSi aTerosklerozuli cvlilebebis morfologiur 

asaxvas:  
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suraTi 27 

 

ApoE-/-  deficituri 

Tagvis A.Carotis   

CD7/VCAM-1 

transficirebuli mxare 

H&E Rebva, 10x gadideba 

 

suraTi 28 

 

 

ApoE-/-  deficituri 

Tagvis A.Carotis   

aratransficirebuli 

mxare 

H&E Rebva, 10x gadideba  

am SemTxvevaSic kargad Cans, rom  CD7/VCAM-1 transficirebuli saZile 

arteriis endoTeli paTologiurad aris gadagvarebuli. ujredis birTvebi 

kargad Cans xolo sisxlZarRvis kedlis struqtura sruliad Secvlilia. 

aseve kargad Cans sisxlZarRvis kedlis infiltracia monocitebiTa da 

makrofagebiT. aTerosklerozis amsaxveli ujreduli da qsovilovani 

suraTi aseve warmodegnilia aratransficirebul sisxlZarRvSic, Tumca 

unda aRiniSnos, rom es cvlilebebi gacilebiT mcirea naoperacieb 

mxaresTan SedarebiT.  
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rac Seexeba PAS – Periodic acid-Schiff Rebvas igi aris xSirad gamoyenebuli 

Rebvis teqnika histologiaSi. iRebeba glikogeni, celuloza, neitraluri 

mukopolisaqaridebi, muko- da glikoproteinebi da glikolipidebis 

substanciebi, romlebic mdebareoben kolagenSi, bazalur membranaSi, 

ujredis kedlebSi da neitralur lorwoebSi. Rebvis principi aris 

glikojgufebis oqsidacia aldehidjgufebad perismJavis meSveobiT. 

momdevno etapebze adgili aqvs kontrastiT mdidari birTvebis Rebvas 

hemalaumis saSualebiT. Rebvis Sedegebi ase gamoiyureba: neitraluri 

mokopolisaqaridebi - wiTlad, ujredis birTvebi lurj-iisfrad, 

citoplazma-wiTlad, rnm-iT mdidari citoplazma lurjad.  

 

 

 

suraTi 29 

 

ApoE-/-  deficituri Tagvis 

A.Carotis   

CD7/VCAM-1 

transficirebuli mxare 

PAS Rebva, 10x gadideba 

 

 

suraTi 30 

 

 

ApoE-/-  deficituri Tagvis 

A.Carotis   

aratransficirebuli mxare 

PAS Rebva, 10x gadideba  

orive gamosaxulebaze Cans aTerosklerozis paTologiuri suraTi,  iseve 

rogor H&E Rebvis SemTxvevaSi. paTologiuri aTerosklerozuli 

cvlilebebi, romlebic gamovlenilia ApoE-/- Tagvis CD7/VCAM-1 
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transficirebul sisxlZarRvSi mniSvnelovnad naklebad vlindeba 

aratransficirebul sisxlZarRvSi. mTlianobaSi ki Cans, rom sisxlZarRvis 

kedlis yvela Sre Tanabrad aris SeRebili, SemaerTebelqsovilovani 

struqturebi mdidaria lipidebis SemcvelobiT. dazianebebi ki romelic 

vlindeba intimis gasqelebiT, rac gamowveulia lipidebisa da 

monocit/makrofaguli infiltraciebiT gamovlenilia rogorc 

transficirebul aseve aratransficirebul sisxlZarRvis kedelSi, Tumca 

sakmao upiratesobiT naoperaciebi sisxlZarRvis SemTxvevaSi.  

 

 

3.4.3 sudan IV Rebvis Sedegebi  

sudan IV Rebva aris progresuli Rebva, romlis drosac feriT iRebeba 

mxolod qsovilis sasurveli nawilebi, kerZod cximovani qsovili. yvela 

sudan IV-iT SeRebil saZile arteriebis SemTxvevaSi dazianebuli 

sisxlZarRvis danaxva martivad SesaZlebelia SeuiaraRebeli TvaliTac, 

vinaidan SeRebili cximovani qsovili wiTeli feriT gamoirCeva sxva 

qsovilebisagan. qvemoT warmodgenilia transficirebuli da 

aratransficirebuli sisxlZarRvebi. transficirebuli sisxlZarRvis 

SemTxvevaSi SesamCnevia saRebavis Zlieri CarTva sakontrolo 

sisxlZarRvTan SedarebiT. gansakuTrebiT TvalSi sacemia transficirebuli 

sisxlZarRvis qveda mesamedi, romelic swored Seesabameba transfeqciisas 

inieqciis adgils.   

   

ineqciis 
are 
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suraTi 32: marcxniv - ApoE-/- Tagvis A. Carotis CD7/VCAM1 transfeqciis Semdeg;  
marjvniv - ApoE-/- Tagvis A. Carotis sudan IV Rebva, CD7/VCAM1 transfeqciis Semdeg; 
 
 
 
 
 
 
 
 
 
 

  

 

suraTi 31: ApoE-/- deficituri Tagvis  A. Carotis, sudan IV Rebva, A - 

Op(operated)naoperaciebi, transficirebuli mxare; B - C(control) kontroli, 

aranaoperaciebi, aratransficirebuli mxare. 
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IV miRebuli Sedegebis ganxilva 
 

mononukleruli ujredebis adhezia endoTeluri anTebis kerebSi aris 

erTerTi pirveli nabiji aTerosklerozuli folaqis ganviTarebaSi. es 

adhezia xorcieldeba uamravi sxvadasxva receptorisa da ligandis 

specifiuri urTierTqmedebis gziT. erTerT umniSvnelovanes molekulas 

monocit-endoTeluri urTierTqmedebis procesSi warmoadgens VCAM1. igi 

aris imunoglobulinis mzgavsi endoTeluri adheziuri molekula, romelic 

farTod aris eqspresirebuli adamianis aTerosklerozul folaqebSi da 

aTerosklerozuli dazianebis areebSi. igi struqturulad ICAM1-is 

mzgavsia, Tumca regulaciis misi modeli unikaluria. mniSvnelovania faqti, 

rom VCAM1 ar aris eqspresirebuli endoTelur ujredebze sawyis, 

araanTebiT mdgomareobaSi, misi  eqspresia swrafad viTardeba endoTeluri 

aqtivaciis meSveobiT, rac gulisxmobs endoTeliumze reaqtiuli 

oqsigenuri molekulebis produqcias, citokinebis aqtivacias. am adheziuri 

molekulis ze-regulacia anTebis pirobebSi dadasturebulia 

aTerosklerozuli dazianebis ubnebSi, aTerosklerozul folaqebSi 

maRalspecifiuri gamokvlevis saSualebebiT. misi eqspresia  araerTxel iqna 

demonstrirebuli kvlevebSi Tagvebsa da bocvrebze. es kidev erTxel 

cxadyofs VCAM1-is specifiurobas am daavadebis paTogenezSi da 

warmoaCens mas mimzidvel Terapiul samizned aTeroslerozis 

mkurnalobaSi.  

mravali kvleva ganixilavs  VCAM-1 rogorc erTerT umniSvnelovanes 

endoTelur receptors da mediators monocitebis adheziisa da 

transmigraciis procesSi. mniSvnelovania, rom monocitebze arsebuli 

integrini α4β1 (VLA-4) aris yvelaze didi ligandi vaskuluri adheziuri 

molekula1-Tvis. aqamde arsebuli kvlevebi xSirad moixseniebda VCAM-1 

ganpirobebul monocitebis adhezias (Alon R., 1995, Carter R., 2001, Huo Y., 2000, 

etc.). aseve unda aRiniSnos, rom arsebobs korelacia VCAM-1 adamianis 

aTerosklerozuli dazianebis areebSi maT maRal eqspresiasa da am areebSi 

monocitebis akumulacias Soris (O’Brien et al., 1996). sxva in vitro cdebSi 

naCvenebi iyo, rom  VCAM-1, romelic eqspresirebulia endoTeluri da 

gluvi kunTovani ujredebis mier, xels uwyobda monocitebisa da 



120 

 

limfocitebis adhezias  (Carlos et al., 1990; Cybulsky & Gimbrone, 1991;Henseleit et al., 

1994). virTxebSi  VCAM-1 momatebuli eqspresia arteriebis dazianebis Semdeg 

ganapirobebda monocitebisa da makrofagebis adhezias (Landry et al., 1997). 

mogvianebiT cdebSi ki aRniSnuli receptoris blokada anti-VCAM1 

antisxeulis saSualebiT gamdinare eqsperimentebSi, romelTa drosac ApoE-

/- Tagvebis saZile arteriaSi monocitebis ineqcia xdeboda, iwvevda 

sisxlZarRvis kedelze mimagrebuli monocitebis mocilebas (Huo et al., 2000). 

Sangis mier dadgenil iqna, rom monocitebis migracia HUVEC ujredebSi 

anti-VCAM-1 antisxeulis saSualebiT sruliad blokirda (Shang et al., 1998). 

Tumca aRniSNuli antisxeuliT am receptoris blokirebis efeqturoba 

Catarebuli sxva cdebiT gamoiricxa (Gerszten et al. (1998). lorencos mier 

Catarebulma kvlevebma cxadyo, rom zedapiruli receptoris anti-VCAM-1 

blokireba ujredSida kalciumis Semcvelobas paTologiurad cvlida da 

stresboWkoebs warmoSobda (Lorenzon et al., 1998). sxva cdebis Sedegad 

dadgenil iqna, rom VCAM1 leikocitebis endoTelze mizidvis nebismier 

etapze monawileobs  (Gerszten et al. 1998). mzgavsi signalebis funqcionireba 

ufro adreul kvlevebSic aRiniSna (Carlos & Harlan, 1994), (Yoshida et al., 1996).  

Tumca VCAM1-is upiratesi roli  monocitebis endoTelze mizidvis 

procesSi mogvianebiT kvlevebSi E-Selektin da ICAM-1 Seswavlis Sedegad 

gamoikveTa. yvela gamokvlevas erTi ram aerTianebda, rom  VCAM-1 

yovelTvis eqspresirebuli iyo aTerosklerozuli dazianebis ubanSi. 

yovelive zemoTqmulidan gamomdinare logikuri iyo rom misi blokadis 

Sedegad imunuri pasuxis efeqturi ukuganviTareba migveRo.  

rogorc ukve aRiniSna q.fraiburgis sauniversiteto klinikis angio-

kardiologiur ganyofilebaSi Seqmnili molekulebis kompleqsi Sedgeboda 

intracelularuli β3 nawilisa da eqstracelularuli transmembranuli 

CD7 nawilisagan, e.w. inertuli markerisagan. koncefciis gamocdisaTvis 

mravali kvleva Catarda sxvadasxva  adheziur molekulebze. CD7/VCAM-1 

konstruqti Seiqmna Sidaujreduli VCAM1 da eqstraceluluri da 

transmembranuli CD7 nawilisagan im mizniT, rom mas moexdina 

konkurentuli dominanturi zemoqmedeba ujredis VCAM1 receptorze, 
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ganexorcielebina misi inaqtivacia, rasac Sedegad monocit-endoTeluri 

urTierTqmedebis SeboWva eqneboda. 

iseve rogorc Catarebul mraval kvlevaSi, marheinekes kvlevebSic 

dadasturda, rom es receptori pasuxismgebelia rogorc monocitebis 

adheziaze aseve maT transmigraciaze (Marheinenke, 2002). Tumca aqve unda 

aRiniSnos, rom am kvlevebis farglebSi adgili qonda VCAM-1 funqciis 

Sefasebas adheziis statiur modelSi. VCAM-1 Sesaxeb mopovebul 

informaciaze dayrdnobiT mosalodneli iyo, rom misi funqcia zemoT 

aRniSnul procesebSi daTrgunuliyo xsnadi proteinis zemoqmedebiT. 

saWiro iyo am procesis dinamiuri adheziuri kvlevis modelSi Seswavla. 

aseTi midgomisaTvis aseve gadamwyveti gaxda manamde Catarebuli cdebi 

integriniT ganpirobebuli ujreduli adheziis inhibiciisa xsnadi 

proteinebis zemoqmedebiT (Marheineke, 2002).  

marheinekes kvlevebSi Seswavlil iqna endoTelis zedapiruli receptorebis 

ICAM-1 da E-seleqtinis roli, vinaidan isini  VCAM-1 erTad im 

umniSvnelovanes molekulebs miekuTvnebian, romlebic anTebiT procesebSi 

da aTerosklerozis progresirebaSi monawileoben. Tumca Sedegebma  

gvaCvenა, rom xsnadi proteini  CD7/VCAM bunebriv  VCAM-1 receptors 

specifiurad ablokirebda da mas ar qonda zegavlena ICAM-1 da E-

seleqtinze (Marheineke, 2002).   

Cveni kvlevis farglebSi VCAM-1 funqcia gamokvleul iqna sxva zedapiruli 

receptorebisgan damoukideblad. SesaZlebeli gaxda gveCvenebina, rom es 

receptori sxva zedapirul molekulebTan urTierTqmedebis gareSe 

ganapirobebs monocitebis adhezias. mbrunavi da adhezirebuli monocitebis 

maRali procentuli Semcveloba ki calsaxad VCAM-1 unda mivaweroT. xolo 

maTi piriqiT mkveTrad Semcirebuli raodenoba CD7/VCAM1konstruqts. 

aRniSuli Sedegebi SesaZloa warmoadgendnen fundaments CD7/VCAM 

transficirebuli ujredebisa da transficirebuli sisxlZarRvebis 

kvlevisaTvis.  

detalurad ganvixiloT dinamiuri adheziuri kvlevis TiToeul sakvlevi 

gjufSi miRebuli Sedegebi: 
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endoTeliumis zedapirze monocitebis adheziis Seswavlis Sedegebi: 

CD7/VCAM1 konstruqtiT transfeqciis, GFP sakontrolo transfeqciisa da 

transfeqciis gareSe endoTeluri kulturisa da monocitebis 

urTierTqmedebis Seswavlisas miviReT Semdegi Sedegebi:  

 endoTelur kulturaze CD7/VCAM1 konstruqtiT transfeqciisa da 

GFP sakontrolo transfeqciis fonze monocitebis adheziis saSualo 

mniSvnelobaTa SedarebiTi analizis Sedegad gamovlinda, rom 

monocitebis adheziis saSualo mniSvneloba sarwmunod naklebia GFP 

sakontrolo jgufTan SedarebiT (jgufi HMEC1-GFP+Monos), (p<0.05). 

zemoTaRniSnuli cxadyofs, rom CD7/VCAM1 konstruqtis 

mainhibirebeli efeqti gamovlenilia dadebiT kontrolTan SedarebiT. 

(ix.cxrili 22, grafiki 1). 

 endoTelur kulturaze CD7/VCAM1 konstruqtiT transfeqciisa da 

transfeqciis gareSe monocitebis adheziis saSualo mniSvnelobaTa 

SedarebiTi analizis Sedegad miviReT sarwmunod naklebi 

adherentuli monocitebis saSualo mniSvneloba  aratransficirebul 

sakontrolo jgufTan SedarebiT (jgufi HMEC1+Monos), (p<0.05). Tumca 

sarwmuno gansxvaveba ar gamovlinda anti-CD54 antisxeulis 

gamoyenebis jgufebSi (p>0.05).Sesabamisad SeiZleba vivaraudoT, rom 

ICAM receptorisa da Sesabamisi ligandis leikocitaruli LFA-1 

kavSiri ar iZleva monocitebis adheziaze sarwmuno zegavlenas. 

zemoTaRniSnuli faqtebi cxadyofen, rom CD7/VCAM1 konstruqts aqvs 

specifiuri mainhibirebeli zegavlena VCAM1 receptorsa da 

monocitebis VLA-4 ligandTan urTierTqmedebis procesze, rac 

aisaxeba monocitebis endoTeliumTan adheziis SemcirebiT. (ix.cxrili 

24, grafiki 2). 
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grafiki 1 

 

 

grafiki 2 

 

endoTeluri ujredebis stimulaciis Seswavlisas miviReT Semdegi 

Sedegebi: 

 aratransficirebul IL1β stimulirebul endoTelur ujredebze da 

aratransficirebul TNFα stimulirebul endoTelur ujredebze 

monocitebis adheziis saSualo maCveneblebis SedarebiTi analizis 

Sedegebi cxadyofs, rom  IL1β stimulirebul endoTelur ujredebze 

monocitebis adheziis saSualo mniSvneloba sarwmunod metia 

aratransficirebul TNFα stimulirebul endoTelur ujredebze 
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monocitebis adheziasTan SedarebiT (jgufi HMEC1-TNFα+Monos), (p<0.05). 

rogorc Cans IL1β stimulaciam ganapiroba gacilebiT meti monocitis 

mtkice adhezia aratransficirebul  endoTelur ujredebze TNFα 

stimulaciasTan SedarebiT. aqve unda aRiniSnos, rom sarwmuno 

gansxvaveba ar gamovlinda aratransficirebul IL1β stimulirebul 

endoTelur ujredebze da aratransficirebul TNFα stimulirebul 

endoTelur ujredebze anti-CD49d antisxeuliT damuSavebuli 

monocitebis adheziis saSualo maCveneblebis SedarebiTi analizis 

Sedegad (p>0.05) (ix.cxrili 23, grafiki 3). 

 aratransficirebul IL1β stimulirebul endoTelur ujredebze 

monocitebis adheziis saSualo mniSvneloba sarwmunod metia 

aratransficirebul arastimulirebul endoTelur ujredebze 

monocitebis adheziasTan SedarebiT (HMEC1+Monos), (p<0.05). 

aRniSnulidan gamomdinareobs, rom IL1β stimulaciam ganapiroba 

endoTeliumze monocitebis adheziis mateba (ix.cxrili 27, grafiki 4).    

 aratransficirebul TNFα stimulirebul endoTelur ujredebze 

monocitebis adheziis saSualo mniSvneloba sarwmunod metia 

aratransficirebul arastimulirebul endoTelur ujredebze 

monocitebis adheziasTan SedarebiT (HMEC1+Monos), (p<0.05). rogorc 

Cans TNFα stimulaciam ganapiroba endoTeliumze monocitebis 

adheziis mateba, Tumca aqve unda aRiniSnos, rom statistikurad 

sarwmuno aRmoCnda IL1β stimulaciis fonze adherentuli monocitebis 

raodenobis mateba TNFα stimulaciasTan SedarebiT (ix.cxrili 28, 

grafiki 5).      
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grafiki 3 

 

 

 

 

grafiki 4 
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grafiki 5 

 

stimulirebul da transficirebul endoTelur ujredebze monocitebis 

adheziis Seswavlisas miviReT Semdegi Sedegebi:  

 monocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizis 

Sedegad CD7/VCAM1 transficirebul IL1β stimulirebul endoTelur 

ujredebze sarwmunod naklebi aRmoCnda adherentuli monocitebis 

raodenoba aratransficirebul IL1β stimulirebul endoTelur 

ujredebze monocitebis adheziasTan SedarebiT(HMEC1- IL1β+Monos), 

(p<0.05). Sesabamisad vlindeba, rom CD7/VCAM1 konstruqts aqvs 

mainhibirebeli zegavlena monocitebis endoTeliumTan adheziis 

procesze da es efeqti gansakuTrebiT vlindeba IL1β stimulaciis 

fonze. (ix.cxrili 27, grafiki 6).    

 monocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizis Sedegad 

CD7/VCAM1 transficirebul TNFα stimulirebul endoTelur ujredebze 

sarwmunod naklebi aRmoCnda adherentuli monocitebis raodenoba 

aratransficirebul TNFα stimulirebul endoTelur ujredebze 

monocitebis adheziasTan SedarebiT(HMEC1- IL1β+Monos), (p<0.05). am 

SemTxvevaSic CD7/VCAM1 konstruqtiT transfeqciam ganapiroba sarwmunod 

naklebi raodenobiT  adherentuli monocitebis arseboba endoTelur 

ujredebze (ix.cxrili 28, grafiki 7). 
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grafiki 6 

 

 

 

grafiki 7 
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endoTeliumis zedapirze monocitebis brunvis anu pirveladi adheziis 

Sedegebi: 

 endoTelur kulturaze CD7/VCAM1 konstruqtiT transfeqciisa da 

GFP sakontrolo transfeqciis fonze monocitebis brunvis anu 

pirveladi adheziis saSualo mniSvnelobaTa SedarebiTi analizis 

Sedegad gamovlinda, rom monocitebis adheziis saSualo mniSvneloba 

sarwmunod naklebia GFP sakontrolo jgufTan SedarebiT (jgufi 

HMEC1-GFP+Monos), (p<0.05). zemoTaRniSnulidan gamomdinare CD7/VCAM1 

konstruqts aqvs mainhibirebeli efeqti aseve monocitebis pirvelad 

adheziaze. (ix.cxrili 29, grafiki 8). 

 endoTelur kulturaze CD7/VCAM1 konstruqtiT transfeqciisa da 

transfeqciis gareSe monocitebis brunvis anu pirveladi adheziis 

saSualo mniSvnelobaTa SedarebiTi analizis Sedegad miviReT 

sarwmunod naklebi mbrunavi monocitebis saSualo mniSvneloba  

aratransficirebul sakontrolo jgufTan SedarebiT (jgufi 

HMEC1+Monos), (p<0.05). Tumca sarwmuno gansxvaveba ar gamovlinda anti-

CD54 antisxeulis gamoyenebis jgufebSi (p>0.05). SeiZleba vivaraudoT, 

rom ICAM receptorisa da misi lekocitaruli ligandis LFA-1 

kavSiri ar iZleva sarwmuno zegavlenas arc monocitebis pirvelad 

adheziaze. zemoTaRniSnulidan gamomdinare CD7/VCAM1 konstruqti 

mainhibirebel zegavlenas axdens aseve monocitebis endoTeliumze 

pirveladi adheziis procesze. (ix.cxrili 31, grafiki 9). 
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grafiki 8 
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endoTeluri ujredebis stimulaciis Seswavlisas miviReT Semdegi 

Sedegebi: 

 aratransficirebul IL1β stimulirebul endoTelur ujredebze da 

aratransficirebul TNFα stimulirebul endoTelur ujredebze 

monocitebis brunvis anu pirveladi adheziis saSualo maCveneblebis 

SedarebiTi analizis Sedegebi cxadyofs, rom  IL1β stimulirebul 

endoTelur ujredebze monocitebis pirveladi adheziis saSualo 

mniSvneloba sarwmunod metia aratransficirebul TNFα stimulirebul 

endoTelur ujredebze monocitebis pirvelad adheziasTan SedarebiT 

(jgufi HMEC1-TNFα+Monos), (p<0.05). rogorc Cans IL1β stimulacia 

ganapirobebs gacilebiT meti monocitis pirvelad adhezias 

aratransficirebul  endoTelur ujredebze TNFα stimulaciasTan 

SedarebiT. (ix.cxrili 30, grafiki 10). 

 aratransficirebul IL1β stimulirebul endoTelur ujredebze 

monocitebis brunvis anu pirveladi adheziis saSualo mniSvneloba 

sarwmunod metia aratransficirebul arastimulirebul endoTelur 

ujredebze monocitebis pirvelad adheziasTan SedarebiT 

(HMEC1+Monos), (p<0.05). IL1β stimulaciis Sedegad adgili aqvs 

endoTeliumze monocitebis pirveladi adheziis matebas (ix.cxrili 32, 

grafiki 11).    

 aratransficirebul TNFα stimulirebul endoTelur ujredebze 

monocitebis brunvis anu pirveladi adheziis saSualo mniSvneloba 

sarwmunod metia aratransficirebul arastimulirebul endoTelur 

ujredebze monocitebis pirvelad adheziasTan SedarebiT 

(HMEC1+Monos), (p<0.05). rogorc Cans TNFα stimulaciam ganapiroba 

endoTeliumze monocitebis pirveladi adheziis mateba, Tumca aqve 

unda aRiniSnos, rom statistikurad sarwmuno aRmoCnda IL1β 

stimulaciis fonze mbrunavi monocitebis raodenobis mateba TNFα 

stimulaciasTan SedarebiT (ix.cxrili 34, grafiki 12).      
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grafiki 12 

 

stimulirebuli da transficirebuli endoTeluri ujredebze monocitebis 

brunvis anu pirveladi adheziis Seswavlisas miviReT Semdegi Sedegebi: 

 monocitebis brunvis anu pirveladi adheziis saSualo mniSvnelobaTa 

SedarebiTi analizis Sedegad CD7/VCAM1 transficirebul IL1β 

stimulirebul endoTelur ujredebze sarwmunod naklebi aRmoCnda 

mbrunavi monocitebis raodenoba aratransficirebul IL1β 

stimulirebul endoTelur ujredebze monocitebis adheziasTan 

SedarebiT(HMEC1- IL1β+Monos), (p<0.05). Sesabamisad vlindeba, rom 

CD7/VCAM1 konstruqts aqvs mainhibirebeli zegavlena aseve 

monocitebis endoTeliumze pirveladi adheziis procesze da 

amasTanave es zegavlena gansakuTrebiT gamoxatulia  IL1β 

stimulaciis fonze (ix.cxrili 33, grafiki 13).  

 monocitebis adheziis saSualo mniSvnelobaTa SedarebiTi analizis 

Sedegad CD7/VCAM1 transficirebul TNFα stimulirebul endoTelur 

ujredebze sarwmunod naklebi aRmoCnda mbrunavi monocitebis 

raodenoba aratransficirebul TNFα stimulirebul endoTelur 

ujredebze monocitebis pirvelad adheziasTan SedarebiT(HMEC1- 

IL1β+Monos), (p<0.05). am SemTxvevaSic CD7/VCAM1 konstruqtiT 
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transfeqciam ganapiroba mbrunavi monocitebis sarwmunod naklebi 

raodenobis arseboba mxolod TNFα stimulirebul jgufTan 

SedarebiT (ix.cxrili 35, grafiki 14). 

 

 

grafiki 13 

 

 

grafiki 14 
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monocitebis pirveladi adheziis gjufebSi korelaciuri analizis Sedegad 

saintereso uaryofiTi korelacia gamovlinda endoTeliumis IL1β 

stimulaciasa da CD7/VCAM1 transfeqcias Soris monocitebis 

brunvis/pirveladi adheziis SemTxvevaSi, kerZod ki IL1β transfeqciis fonze 

gacilebiT efeqturi aRmoCnda CD7/VCAM1 konstruqtis zemoqmedeba VCAM1 

receptorsa da mis ligand VLA4-s Soris kavSiris daTrgunvis 

TvalsazrisiT, rac monocitebis pirveladi adheziis mkveTri klebiT 

gamoixata (ix. cxrili 38). korelaciuri analizis Sedegebidan 

mniSvnelovani korelaciuri kavSiri ar gamovlinda TNFα stimulaciasa da 

CD7/VCAM1 transfeqcias Soris rogorc monocitebis mtkice adheziis aseve 

monocitebis pirveladi adheziis  jgufebSi. 

 

dinamiuri adheziuri kvlevebis Sedegebis Sejameba 

aRniSnuli kvlevebis Sejamebisas mniSvnelovania im faqtis xazgasma, rom 

mocemul SromaSi aRwerili yvela dinamiuri adheziuri eqsperimenti 

Catarda transgenur HMEC1 ujredebiT, romlebic manamde Sesabamisi genuri 

stabilizatorebiT iqna transficirebuli da sxva zedapirul 

receptorebTan VCAM-1 receptoris urTierTqmedeba amiT gamoiricxa. rac 

gulisxmobs imas, rom VCAM-1 receptoris funqciebi sxva damatebiTi 

faqtorebis zemoqmedebis gareSe iqna Seswavlili.  

Tavdapirvelad endoTeluri ujredebis mier VCAM-1 receptoris eqspresia 

Cven SevafaseT gamdinare citometriis meSveobiT, riTic dadasturda VCAM1 

receptoris eqspresiis arseboba Sesabamisi dadebiTi ujreduli 

populaciis fluorescenciis intensivobis mkveTrad marjvniv 

gadaadgilebiT. aRmoCnda, rom es ujredebi arian aqtivirebul 

mdgomareobaSi da maTze aRiniSneba VCAM-1 receptoris srulyofili 

eqspresia. imave kvleviT aseve dadginda, rom ujredebis stimulacia 

SesaniSnavad aris SesaZlebeli iseTi stimulatorebis gamoyenebiT 

rogorebicaa IL1β da TNFα. gamdinare citometria iqna gamoyenebuli 

endoTeluri ujredebis CD7/VCAM1 transfeqciis Sefasebisa da 

konstruqtis koncentraciis SerCevis mizniT. am kvlevis Sedegad 

gamovlinda, rom konstruqtis zemoqmedebiT VCAM1 eqspresia endoTelur 
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ujredebze ganicdis TvalsaCino cvlilebas VCAM1 dadebiTi ujreduli 

populaciis ujreduli parametrebis cvlilebis TvalsazrisiT. aRniSnuli 

efeqti gansakuTrebiT SesamCnevi aRmoCnda CD7/VCAM1 konstruqtis 0.5μl (2,1 

* 10
9
 PFU / ml) koncentraciis  gamoyenebisas.     

dinamiur adheziur kvlevebSi gamovlinda VCAM-1 receptoris pirdapiri 

roli monocitebis endoTeliumze pirveladi da mtkice adheziis procesSi. 

orive maCvenebeli raodenobrivad iqna Sefasebuli. mniSvnelovania faqti, 

rom SesaZlebeli da efeqturi aRmoCnda endoTeluri ujredebis 

stimulacia IL1β da TNFα saSualebiT, rac gmovlinda orive SemTxvevaSi 

rogorc pirveladi adheziis aseve mtkice adheziis mqone monocitebis 

sakmaod gazrdili raodenobiT sakontrolo jgufTan SedarebiT 

(ix.cxrilebi 23,31). sakvlevi jgufebis Sedarebam aCvena, rom IL1β  

stimulacia gacilebiT efeqturia TNFα stimulaciasTan SedarebiT 

(ix.cxrilebi 23,31). ufro metic, gamovlinda uaryofiTi korelacia 

monocitebis brunvis jgufebSi endoTeliumis IL1β stimulaciasa da misi 

CD7/VCAM1 konstruqtiT transfeqcias Soris (ix.cxrili 38).  

CD7/VCAM1 konstruqtis Seswavlisas ki adgili qonda TiTqmis yvela 

sakvlev gjufSi endoTeliumze monocitebis pirveladi da mtkice adheziis 

inhibicias  Sesabamis sakontrolo gjufTan SedarebiT (ix.cxrilebi 

22,24,27,28,29,31).   

dinamiuri adheziuri kvlevis Sedegebi saukeTesod warmoaCens CD7/VCAM1 

konstruqtis mier VCAM1 receptoris inaqtivacias, rac monocitebis 

pirveladi da mtkice adheziis mkveTr SemcirebaSi gamoixata dadebiT da 

uaryofiT kontrolTan SedarebiT. ukve Catarebul cxovelTa modelebSi 

arsebobda VCAM1 blokirebis cdebi anti-VCAM1 antisxeulis saSualebiT. 

Sesabamisad saintereso iyo da saWirod miviCnieT CD7/VCAM1 konstruqtis 

kvleva ApoE-/- Tagvebze Cagvetarebina.  

 

In Vivo kvlevebis Sedegebis Sejameba 

ApoE-/- deficitur Tagvebs spontanurad da gansakuTrebiT cximiT mdidari 

dietis fonze uviTardebaT aTerosklerozuli folaqebi. gvsurda 

Segveswavla CD7/VCAM1 konstruqtis gavlena aTerogenezis sawyis etapze, 
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risTvisac SevarCieT zemoTaRniSnuli eqsperimentuli cxovelebi. pirvel 

rigSi saWiro iyo iseTi eqsperimentuli teqnikis SemuSaveba, romlis 

saSualebiTac moxerxdeboda endoTeliumis CD7/VCAM1 konstruqtiT 

transfeqcia da am transfeqciis Sedegebis gamokvleva.    

rogorc es naSromis II TavSi iyo aRwerili kvlevis in vivo modelSi 

sxvadasxva meTodi iqna gamoyenebuli, raTa migveRwia CD7/VCAM1 

konstruqtiT endoTeluri Sris transfeqciisaTvis. aplikaciis teqnikis 

gamoyenebiT ver moxerxda endoTelur ujredebis GFP viraluri veqtoriT 

transfeqcia. aRniSnuli problemis wamoWris gamo SevimuSaveT 

alternatiuli transfeqciis teqnika - saZile arteriaSi uwvrilesi 

kanulis saSualebiT CD7/VCAM1 konstruqtis ineqciis operacia. 

ApoE-/- deficitur TagvebSi saZile arteriis CD7/VCAM1 konstruqtiT 

transfeqciis Sedegad gamovlinda lokaluri paTologiuri cvlilebebi 

ineqciis areSi sisxlZarRvis kedelSi rogorc konstruqtis gamoyenebisas 

aseve misi dadebiTi kontrolis (GFP viraluri veqtoris) da uaryofiTi 

kontrolis (buferuli xsnaris (pH=7,4)) gamoyenebis SemTxvevaSi. naoperacieb 

saZile arteriebSi adgili qonda gluvi kunTovani qsovilis 

proliferacias, arteriis kedlis fibrozuli masebiT, kompleqsuri 

naxSirwylebiT, kalciumis depozitebiT, lipidebiTa da makrofagebiT 

infiltracias. miuxedavad imisa, rom aplikaciisa da ineqciis teqnikis 

gamoyenebiT ver moxerxda CD7/VCAM1 konstruqtis efeqtis Seswavla in vivo 

eqsperimentul modelSi, vTvliT, rom Catarebuli samuSaoebi da maTi 

Sedegebi mniSvnelovani da sayuradReboa konstruqtis samomavlo kvlevis 

TvalsazrisiT. miRebuli gamocdileba ki udaod gasaTvaliswinebelia 

Semdgomi kvlevebis dagegmvisaTvis. 
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daskvnebi 

In Vitro: 

 vaskuluri ujreduli adheziuri molekula 1-is  roli 

specifiuri da unikaluria monocitebis pirveladi da mtkice 

adheziis procesSi, rac vlindeba monocitebis pirveladi da 

mtkice adheziiT endoTeliumze sxva receptorebis koeqspresiis 

ararsebobis fonze. 

 IL1β da TNFα stimulatorebis gamoyenebiT HMEC1 endoTeluri 

ujreduli kulturis stimulacias Tan axlavs vaskuluri 

ujreduli adheziuri molekula 1-is eqspresiis mkveTri mateba 

endoTeluri ujredebis zedapirze. 

 endoTeluri ujredebis IL1β da TNFα saSualebiT stimulacia 

ganapirobebs monocitebis pirveladi adheziisa da mtkice 

adheziis gazrdas. 

 CD7/VCAM1 xsnadi proteinis zemoqmedebiT adgili aqvs 

vaskuluri ujreduli adheziuri molekula 1-is ufunqcio 

receptorad gardaqmnas, rasac Sedegad mohyveba monocitebis 

endoTeliumze pirveladi da mtkice adheziis inhibicia.  

In Vivo: 

 aplikaciis teqnikis gamoyenebiT endoTeliumis 

adenoviraluri veqtoriT transfeqcia ar dasturdeba.  

 CD7/VCAM1 konstruqtis in vivo kvlevas ineqciis operaciuli 

teqnikis gamoyenebiT Tan axlavs ineqciis areSi paTologiuri 

cvlilebebis ganviTareba. 
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momavlis perspeqtivebi 

arastabiluri (rupturisaken midrekili) aTerosklerozuli folaqebis 

adgilobrivi mkurnaloba kardiovaskuluri medicinis udides gamowvevas 

warmoadgens. adheziuri receptorebi umniSvnelovanes rols TamaSoben 

aTerosklerozis ganviTarebaSi ujredul-ujreduli urTierTqmedebebisa 

da ujreduli signalebis amoqmedebis gziT. Cveni genTerapiuli midgoma 

efuZneba VCAM1 receptoris mizanSi amoRebas da adenoviraluri 

veqtoruli sistemis xsnadi proteinis saSualebiT monocit-endoTelur 

urTierTqmedebaze zemoqmedebas. winare kvlevebiT dadasturda, rom 

CD7/CAM1 kotransfeqcias araviTari zegavlena ar aqvs ICAM1 da E-Selektin 

receptorebiT ganpirobebul monocitebis adheziaze. CD7/VCAM1 

ganpirobebuli inhibiciis gza dominanturia. igi unikaluri da specifiuria 

mxolod VCAM1 receptorisaTvis. 

Cveni kvlevis Sedegad aRmoCnda, rom konstruqtis gamoyenebiT SesaZlebeli 

gaxda VCAM1 funqciebis inhibicia, ramac sabolood monocitebis 

endoTelze pirveladi da mtkice adheziis mniSvnelovan Seferxebamde 

migviyvana. statiur adheziur kvlevebSi ki adgili qonda aseve monocitebis 

transmigraciis inhibiciasac. rac sasurvelia momavalSi aseve dinamiur 

adheziur kvlevebSi iqnas gamokvleuli. 

Cveni kvleva adasturebs VCAM1 receptoris gadamwyvet rols monocitebis 

adheziisa da akumulaciis procesSi. Cveni monacemebi amyareben mosazrebas 

iseTi genTerapiuli saSualebebis ganviTarebis SesaZleblobis Sesaxeb, 

romelic moaxdens monocitebis ligandisa da aqtivirebuli endoTeliumis 

urTierTqmedebis inhibicias. aRniSnuli kvleva aris pirveli aRwera am 

urTierTqmedebis blokadisa konkurentuli xsnadi proteinis koeqspresiis 

saSualebiT dinamiur adheziur kvlevebSi. aRniSnuli midgoma, romelic 

efuZneba dominantur negatiur inhibitorul efeqts, gvpirdeba receptoris 

funqciis regionul, lokalur blokadas, rac SesaZlebeli iqneba 

konstruqtis mxolod mcire raodenobiT dazianebis keraSi miwodebiT. es 

unikaluri midgoma ki SesaZloa momavalSi aTerosklerozis adgilobrivi 

mkurnalobis saSualebad mogvevlinos.   

Catarebul kvlevebze dafuZnebiT cxadia, rom konstruqti imedis momcemi 
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saSualeba SeiZleba gaxdes antiaTerosklerozuli Terapiis kuTxiT. 

Sesabamisad pirvel rigSi misi kvleva unda gagrZeldes aTerosklerozis in 

vivo modelSi ApoE-/- deficitur TagvebSi. saWiroa iseTi operaciuli 

midgomis SemuSaveba, romelic moaxdens mxolod konstruqtis efeqtis 

gamovlenas da sxva danarCeni faqtorebis gamoricxvas. misi efeqtis 

Seswavla SesaZlebelia aTerosklerozis nebismier etapze.     

samomavlo kvlevebi mizanmimarTulad unda daigegmos im faqtorebis 

gamosakvlevad Tu ramdenad zemoqmedebs es xsnadi proteini agreTve 

monocitebis endoTelSi CarTvis sxva procesebze. aqve ar unda gamogvrCes, 

rom SesaZloa arsebobdes CD7/VCAM saSualebiT sxva receptoruli 

signalkaskadis daTrgunvis SesaZlebloba. Cvens kvlevaSi pirveladi 

Sedegebi asaxaven konstruqtis dadebiT efeqts. SesaZloa saqme exebodes 

axal, preklinikur medikaments, romelmac imedis momcemi efeqtebi 

gamoavlina.   
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Inhibition of monocyte-endothelial interaction in early stages of atherosclerosis 

Summary of the Dissertation Thesis 

 

Atherosclerosis is a complex, chronic inflammatory disease, which occurs as a response to 

endothelial injury. It is a dynamic process, starts in early childhood, progresses during long 

preclinical stage and later manifests clinically. Atherosclerosis can affect all large and medium-

sized arteries, including the coronary, carotid and cerebral arteries, the aorta, its branches and major 

arteries of the extremities. Atherosclerosis is heritable disease involving multiple cell types and the 

interactions of many different molecular pathways. Clinically the problem of atherosclerosis is 

related mainly to occlusion of the mentioned arteries. The main organs or body regions where 

atherosclerotic disease will cause tissue and/or organ damage are the brain, the heart, and the lower 

limbs. The clinical manifestations of atherosclerosis, such as coronary vascular disease (CVD), are 

common in Western and urban populations, and are an important and common cause of death and 

disease. Atherosclerosis is the leading cause of morbidity and mortality in the US and in most 

developed countries. It is rapidly increasing in prevalence. By 2020, atherosclerosis is expected to 

be the leading cause of death worldwide. According to the WHO’s world health statistics report of 

2014 Ischemic Heart Disease and Stroke were presented on the first and third places among 20 most 

common causes of mortality. 

All stages of atherosclerosis - from initiation and growth to complication of the plaque - are 

considered an inflammatory response to injury mediated by specific cytokines. Endothelial injury 

and inflammation are thought to have a primary initiating or inciting role in the pathogenesis of 

atherosclerosis. In the molecular pathways involved in atherosclerosis monocytes are of pivotal 

importance. Circulating monocytes are components of the innate immunity and many pro-

inflammatory cytokines and adhesion molecules facilitate their adhesion and migration to the 

vascular endothelial wall.  

One of the earliest detectable cellular responses in the formation of lesions of atherosclerosis is 

leukocyte adherence to the endothelium at particular anatomic sites in the artery wall. This adhesion 

occurs via the specific interaction of a number of receptors and ligands. Leukocytes migrate across 

the EC barrier and accumulate in the subendothelial space, where some of the monocytes ingest 

lipid and become foam cells. vascular endothelium participates in recruitment of leukocytes by 

expression of specific leukocyte adhesion molecules. Distinct adhesion molecules appear to regulate 

different stages of leukocyte immigration at inflammatory sites in a multistep process. One of such 

adhesion molecule is vascular cell adhesion molecule 1 (VCAM1). This member of 
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Immunglobulin-Superfamily is 90kD cell surface protein, which is expressed on endothelial, 

epithelial and dendrite cells. Vascular cell adhesion molecule-1 (VCAM-1) mediates the adhesion 

of leukocytes to endothelial cells and is assessed as a possible future marker of atherosclerosis. Lots 

of studies demonstrated increased expression of endothelial Vascular Cell Adhesion Molecule-1 

(VCAM-1) in areas of early atherosclerotic lesions of ApoE-deficient mice and rabbits. Also in 

humans with atherosclerosis the high VCAM-1 expression in advanced atherosclerotic lesions were 

established. VCAM-1 plays the specific role in primary leukocyte adhesion identified as rolling as 

well as at final so called spreading and tethering. The integrin alpha 4 beta 1 (VLA-4) on monocytes 

is the major ligand for the vascular cell adhesion molecule-1 (VCAM-1), an immunoglobulin-like 

endothelial adhesion molecule highly expressed in human atherosclerotic plaques and linked to 

atherosclerosis susceptibility in mouse models. Although VCAM-1 is structurally similar to ICAM-

1, its pattern of regulation is unique. VCAM-1 is not expressed under baseline conditions but is 

rapidly induced upon endothelial activation. The up-regulation of VCAM-1 under inflammatory 

conditions and on atherosclerotic plaques defines VCAM-1 as a highly attractive target for the 

treatment of atherosclerosis. Indeed, highly specific in vivo visualization of atherosclerotic plaques 

by molecular imaging of VCAM-1 expression has been demonstrated in mice and rabbits, 

presenting the specificity of VCAM-1 as an atherosclerosis-specific target. VCAM-1 is not only an 

important adhesion receptor, but also acts as a signal transducer upon leukocyte binding.  

A fusion molecule CD7/VCAM-1 was designed at the university clinic of Freiburg containing the 

intracellular part of VCAM-1 and the extracellular and transmembrane part of CD7 in order to 

interfere with the cytoskeleton anchorage of VCAM-1 in a dominant negative manner. The 

functional consequences of transfection with the generated fusion protein were investigated in vitro 

in immortalized endothelial cell model (HMEC1) and in ApoE-/- mice.  

In vitro and in vivo studies were conducted within the framework of this doctoral study at the 

University clinic of Freiburg, Department of Angiology and Cardiology (in vitro part) and at the 

Baker IDI Heart and Diabetes Research Institute, Atherosclerosis and Vascular Biology Department 

(in vivo part).  

It was hypothesized that inactivation of VCAM-1 via transfection of genes encoding for fusion 

proteins that compete with VCAM-1’s cytoskeletal anchorage reduces monocyte adhesion to 

endothelial cells. The aim of this study was to investigate the feasibility of a gene therapy approach, 

specifically targeting the cytoskeletal anchorage of VCAM-1. Since monocyte recruitment into 

atherosclerotic plaques causes disease progression, blocking of monocyte adhesion to the vessel 

wall by local transfection of endothelial cells with a gene expressing a functional blocker of 

VCAM-1 may offer a novel therapeutic approach for the local treatment of atherosclerosis in 
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coronary and carotid arteries. With the aim to prevent further progression of coronary 

atherosclerosis, local injection of an adenovirus containing a VCAM-1 inactivating gene into the 

coronary arteries could be performed in the cardiac catheter laboratory and may be feasible for 

human application.  

Local gene delivery by adenovirus vector systems has already been successfully implemented in 

animal models. The adenoviral delivery of gene vectors was combined with the local delivery via a 

biodegradable coating of stents. This approach was used to prevent restenosis after stenting of 

atherosclerotic plaques. Overall, besides the local injection into the coronary arteries, stent-

associated delivery may also be useful in general to deliver therapeutic genes with anti-

atherosclerotic effects in interventional cardiology.  

Local treatment of rupture-prone atherosclerotic plaques and prevention of atherosclerosis are major 

challenges in cardiovascular medicine. The blockade of VCAM-1 appears to be a promising 

approach to reduce vascular damage. There is strong evidence that VCAM-1 is one of the major 

players in monocyte recruitment and it has been shown to enhance monocyte and macrophage 

adhesion in rats, mice and rabbits. Furthermore, blockade of VCAM-1 with monoclonal antibodies 

has been shown to inhibit adhesion and transmigration of a human monocyte cell line to human 

aortic endothelial cells. Anti-oxidative drugs have been found to repress ICAM-1 and VCAM-1. 

Direct blockade of the VCAM-1 counter receptor VLA-4 with different specific peptides has been 

observed to successfully attenuate monocyte migration and inflammatory reactions. Blockade of 

VCAM-1 in hypercholesterolaemic mice has been shown to result in reduced formation of the 

neointima due to the inhibition of monocyte migration. Gene targeting experiments highlighting the 

importance of VLA-4 and VCAM-1 in atherosclerotic lesion development have been hampered by 

the lack of availability of appropriate knockout mice. Mice with a homozygote deficiency in the 

fourth domain of VCAM-1, which binds VLA-4, have been shown to survive and to have reduced 

monocyte binding and an 84% reduction in lesions in the aortic root when crossed with ApoE–/– 

knockout mice.  

All approaches that aim for systemic targeting of VCAM-1 may lead to unwanted side effects, due 

to the inhibition of physiological VCAM-1 functions in healthy tissues. Therefore, an ongoing 

effort continues into the development of agents that allow for the regional blockade of VCAM-1.  

The gene therapy approach of this study was based on targeting of VCAM-1 via a CD7/VCAM-1 

fusion protein using an adenoviral vector system that would allow local application.  

The use of endothelial cell cultures in the studies of diseases with endothelial damage is widely 

implemented. These cultures represent the in vitro model of endothelium. They allow the 

experimental studies of inflammation, angiogenesis, atherosclerosis etc. For the dynamic adhesion 
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assays within this study the HMEC1 endothelial cell culture was used. The dynamic adhesion 

studies contained different stages, which included the multi-stage treatment of cells, their freeze and 

defrosting, their cultivation, stimulation and transfection. 

At the next stage of the study it was necessary to investigate the cell phenotype in flow cytometry. 

The receptor expression on endothelial cells was studied within stimulated and/or transfected 

endothelial cell culture. 

Dynamic adhesion assay – Flow Chamber method is widely implemented in modern fundamental-

experimental studies. The adhesive behavior of different cells is observed and evaluated via the 

microscopic camera in the experimental system imitating the vessel conditions. Static adhesion 

assays cannot fully display the receptor-ligand interaction as the cell rolling and call adhesion 

physiologically is performed under permanent flow condition.   

The described method is wonderful approach of visualization of cell-cell and cell-substrate 

interaction at the different stages of dynamic interaction.  The HMEC1 cells were stimulated and/or 

transfected (with CD7/VCAM1, GFP). The monocytes were isolated from the whole blood using 

Ficoll gradient and the flow of treated monocytes on the confluent monolayers of activated or non-

activated, transfected or non-transfected HMECs was investigated using a parallel plate flow 

chamber. Cell rolling and adhesion was assessed in randomly selected 5 sec. video frames and 

counted in randomly selected optical fields. The rolled and adhered monocytes were evaluated 

using the Let’s Edit computer software. The post experimental quality and quantity assessment and 

collection of the mean data were performed offline. The data were statistically analyzed.   

The promising in vitro results were the basis of further studies in in vivo model of atherosclerosis – 

transgenic ApoE-/- deficient mice. Apolipoprotein-E KO mice (ApoE-/-) lack the primary 

lipoprotein required for the uptake of lipoproteins through the hepatic receptors, leading to increase 

of plasma cholesterol and consequently atherosclerosis can be observed in Apoe−/− mice 

maintained on a regular cholesterol reach diet. The transfection of a.Carotis was performed using 

two different operational techniques – Application and Injection techniques. Later the 

histomorphological studies were conducted on the transfected and non-transfected vessels. The 

following histological methods were used: H&E staining, PAS staining, Sudan IV staining. In vivo 

experiments revealed that better transfection method or operational technique is to be worked out to 

guarantee the distribution of CD7/VCAM1 protein to the endothelial cells. It should be able to 

evaluate the construct effect in vivo, which is the subject of future studies.            

The above described selected gentherapeutic approach resulted in very important outcomes:  

In dynamic adhesion assays the CD7/VCAM-1 construct significantly inhibited VCAM-1-mediated 

rolling and adhesion of human monocytes in HMEC1 cells. The study findings indicate that 
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adenoviral-mediated transfer of the CD7/VCAM-1 construct is feasible and results in dominant 

negative inhibition of VCAM-1-mediated function. Very important discover of the study is the fact 

that the effect of CD7/VCAM-1 construct is highly specific for VCAM-1. Transfection of 

endothelial cells with the CD7/VCAM-1 construct as an inert competitor to wild-type VCAM-1 in 

stably transfected HMEC1 cells blocked VCAM-1 mediated monocyte rolling and adhesion and had 

no effect on ICAM-1 or E-Selectin mediated adhesion. CD7/VCAM-1 causes a dominant negative 

inhibition of VCAM-1. The proposed anti-atherosclerotic action of adenoviral-mediated local 

CD7/VCAM-1 transfection needs to be explored in further studies using a better operational 

technique in animal model of atherosclerosis.  

In conclusion, this study confirms the crucial role of VCAM-1 in adhesion and accumulation of 

monocytes. Our findings strengthen the rationale for the development of therapies aimed at 

inhibiting the interaction between VLA-4 on monocytes and VCAM-1 on activated endothelial 

cells. To our knowledge, this is the first description of a blockade of this interaction via co-

expression of a competing CD7/VCAM-1 fusion protein interfering with the cytoskeletal anchorage 

of VCAM-1 in dynamic cell adhesion studies. Based on a dominant negative inhibitory effect, the 

described gene therapeutic approach promises a regional, localized blockade of VCAM-1 function 

via the local delivery of only a small number of CD7/VCAM-1 constructs. This unique approach 

might allow a localized treatment of atherosclerosis for the future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



145 

 

gamoyenebuli literatura 

 

1.  Abe, Y., El-Masri, B., Kimball, K.T., Pownall, H., Reilly, C.F., Osmundsen, K.,Smith, C.W. and 

Ballantyne, C.M. Soluble cell adhesion molecules in hypertriglyceridemia and potential 

significance on monocyte adhesion. Arterioscler. Thromb. Vasc. Biol. 1998;18:723-731. 

2.  Agrawal, S. Antisense oligonucleotides: towards clinical trials. Trends Biotechnol. 1996;14:376-

387. 

3.  Aiello, R.J., et al., Monocyte chemoattractant protein-1 accelerates atherosclerosis in 

apolipoprotein E-deficient mice. Arterioscler Thromb Vasc Biol, 1999. 19(6): p. 1518-25. 

4.  Alan Daugherty, Debra L. Rateri Development of experimental designs for atherosclerosis studies 

in mice, 2005 Elsevier Inc., doi:10.1016/j.ymeth.2004.11.008; 

5. Alan S., Mozaffarin D., Roger L.V., Benjamin E.J.; Heart Disease and Stroke Statistics - 2014 

update: A report from American Heart Association; Circulation. 2014; 129:e28-e292. 

6.  Albelda, M.S., Wayne S.C., and Ward, P.A., Adhesion molcules and inflammatory injury, FASEB 

J.1994; 8:504-512. 

7.  Alboluxin, a snake C-type lectin from Trimeresurus albolabris venom is a potent platelet agonist 

acting via GPIb and GPVI. Thromb. Haemost. 87:692–698. 

8.  Alexander MY, Brosnan MJ, Hamilton CA, Downie P, Devlin AM, Dowell F, Martin W, Prentice 

HM, O’Brien T, Dominiczak AF. Gene transfer of endothelial nitric oxide synthase improves 

nitric-oxide dependent endothelial function in a hypertensive rat model. Cardiovasc Res. 

1999;43:798–807. 

9.  Alexis Broisat, Sophie Hernot, Jakub Toczek, Jens De Vos, Laurent M. Riou, Sandrine Martin, 

Mitra Ahmadi, Nicole Thielens, Ulrich Wernery, Vicky Caveliers, Serge Muyldermans, Tony, 

Lahoutte, Daniel Fagret, Catherine Ghezzi and Nick Devoogdt, Nanobodies Targeting 

Mouse/Human VCAM1 for the Nuclear Imaging of Atherosclerotic Lesions, Circ Res. 

2012;110:927-937. 

10.  Ali ZA, Bursill CA, Hu Y, Choudhury RP, Xu Q, Greaves DR, Channon KM. Gene 

transfer of a broad spectrum CC-chemokine inhibitor reduces vein graft atherosclerosis in 

apolipoprotein E-knockout mice. Circulation. 2005;112(9 Suppl):I235–I241. 

11.  Alon R, Kassner PD, CarrMW, et al: 1995. The integrin VLA-4 supports tethering and rolling in 

flow on VCAM-1. J Cell Biol 128: 1243–1253. 

12.  Alon, R., et al., Interactions through L-selectin between leukocytes and adherent leukocytes 

nucleate rolling adhesions on selectins and VCAM-1 in shear flow. J Cell Biol, 1996. 135(3): p. 

849-65.  

13.  Alon, R., Kassner, P.D., Carr, M.W., Finger, E.B., Hemler, M.E. and Springer, T.A. The integrin 

VLA-4 supports tethering and rolling in flow on VCAM-1. J. Cell Biol. 1995; 128:1243-1253. 



146 

 

14.  Alon, R., Kassner, P.D., Carr, M.W., Finger, E.B., Hemler, M.E., Springer, T.A., The Integrin 

VLA-4 Supports Tethering and Rolling in Flow on VCAM-1; The Journal of Cell Biology, 

Volume 128, Number 6, 1995; 1243 - 1253. 

15.  Altieri, D.C., Plescia, J. and Plow, E.F. The structural motif glycine 190-valine 202 of the 

fibrinogen gamma chain interacts with CD11b/CD18 integrin m2, (Mac-1) and promotes leukocyte 

adhesion. J.Biol. Chem. 1993; 268:1847-1853. 

16.  An G, Wang H, Tang R, et al: 2008. P-selectin glycoprotein ligand-1 is highly expressed on Ly-

6Chi monocytes and a major determinant for Ly-6Chi monocyte recruitment to sites of 

atherosclerosis in mice. Circulation 117:3227–3237. 

17.  Anderson JW, Chen WJL. Plant fiber: carbohydrate and lipid metabolism. Am J Clin Nutr 1979; 

32:346. 

18.  Andrew D. Blann1, Martine Seigneur 2, Michael Steiner 3, J. Paul Miller 4, Charles N. McCollum, 

Circulating ICAM-1 and VCAM-1 in Peripheral Artery Disease and Hypercholesterolaemia: 

Relationship to the Location of Atherosclerotic Disease, Smoking, and in the Prediction of 

Adverse Events. Thromb Haemost 1998; 79: 1080–5. 

19.  Andrian UH1, Hasslen SR, Nelson RD, Erlandsen SL, Butcher EC.A central role for microvillous 

receptor presentation in leukocyte adhesion under flow. Cell. 1995 Sep 22;82(6):989-99. 

20.  Anna C. Calkin, Josephine M. Forbes, Craig M. Smith, Markus Lassila, Mark E. Cooper, Karin A. 

Jandeleit-Dahm, Terri J. Allen Rosiglitazone Attenuates Atherosclerosis in a Model of Insulin 

Insufficiency Independent of Its Metabolic Effects Arterioscler Thromb Vasc Biol. 2005;25:1903-

1909. 

21.  Anna C. Calkin, Josephine M. Forbes, Craig M. Smith, Markus Lassila, Mark E. Cooper, Karin A. 

Jandeleit-Dahm, Terri J. AllenRosiglitazone Attenuates Atherosclerosis in a Model of Insulin 

Insufficiency Independent of Its Metabolic Effects. (Arterioscler Thromb Vasc Biol. 

2005;25:1903-1909. 

22.  Antischkow N. Uber die atherosclerose der aorta beim kaninchen and uber derin 

entstehungsbedingungen. Beitraege zur pathologischen anatomie und zur allegemeinen pathologie 

1914; 59:308– 348. 

23.  Aqel, N.M., et al., Monocytic origin of foam cells in human atherosclerotic plaques.  

Atherosclerosis, 1984. 53(3): p. 265-71. 

24.  Archelos, J.J. and Hartung, H.P. The role for adhesion molecules in multiple sclerosis: biology, 

pathogenesis and therapeutic implications. Mol. Med. Today. 1997; 3:310-321. 

25.  Aruffo, A. and Seed, B. J. Molecular cloning of two CD7 (T-cell leukemia antigen) cDNAs by a 

COS cell expression system. EMBO 1987; 6:3313-3316. 

26.  Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, Witzenbichler B, Schatteman 

G, Isner JM. Isolation of putative progenitor endothelial cells for angiogenesis. Science. 

1997;275:964 –967. 

http://www.ncbi.nlm.nih.gov/pubmed?term=von%20Andrian%20UH%5BAuthor%5D&cauthor=true&cauthor_uid=7553859
http://www.ncbi.nlm.nih.gov/pubmed?term=Hasslen%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=7553859
http://www.ncbi.nlm.nih.gov/pubmed?term=Nelson%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=7553859
http://www.ncbi.nlm.nih.gov/pubmed?term=Erlandsen%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=7553859
http://www.ncbi.nlm.nih.gov/pubmed?term=Butcher%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=7553859
http://www.ncbi.nlm.nih.gov/pubmed/7553859


147 

 

27.  Asahina, A., Tada, Y., Nakamura, K. and Tamaki, Colchicine and griseofulvin inhibit VCAM-1 

expression on human vascular endothelial cells – evidence for the association of VCAM-1 

expression with microtubules. J.Dermatol. Sci. K.2001; 25:1-9. 

28.  Avrum I.G. Atherosclerosis Exposed: The complex Pathway to a Lethal Outcome; American 

Society for Investigative Pathology, Experimental Biology, 2007; 

29.  Barcena, A., Muench, M.O., Galy, A.H., Cupp, J., Roncarolo, M.G., Phillipps, J.H. and Spits, 

Phenotypic and functional analysis of T-cell precursors in the 6. Literatur 123 human fetal liver 

and thymus: CD7 expression in the early stages of T- and myeloid-cell development. Blood. 1993; 

82:3401-3414. 

30.  Baumgartner, I., Pieczek, A., Manor, O., Blair, R., Kearney, M., Walsh, K. and Isner, J.M. 

Constitutive expression of phVEGF165 following intramuscular gene transfer promotes collateral 

vessel development in patients with critical limb ischemia. Circulation, 1998; 97:1114-1123. 

31.  Bennett, C.F., Kornbrust, D., Henry, S., Stecker, K., Howard, R., Cooper, S., Dutson, S. and 

Jacoby, H.I. An ICAM-1 antisense oligonucleotide prevents and reverses dextran sulfate sodium-

induced colitis in mice. J. Pharmacol. Exp. Ther. 1997; 280:988-1000. 

32.  Berlin, C., Bargatze, R.F., Campbell, J.J., von Andrian, U.H., Szabo, M.C., Hasslen, S.R., Nelson, 

R.D., Berg, E.L., Erlandsen, S.L. and Butcher, E.C. 4 integrins mediate lymphocyte attachment 

and rolling under physiologic flow.Cell. 1995; 80:413-422. 

33.  Bernard GR, Vincent JL, Laterre PF, La Rosa SP, Dhainant JF, Lopez-Rodriguez A, Steingrub JS, 

Garber GE, Helterbrand JD, Ely EW, Fisher CJ Jr., PROWESS study group. Effiacy and safety of 

recombinant human activated protein C for severe sepsis. N Engl J Med. 2001; 344 (10):699-709.  

34.  Bernhagen J, Krohn R, Lue H, et al: 2007. MIF is a noncognate ligand of CXC chemokine 

receptors in inflammatory and atherogenic cell recruitment. Nat Med 13:587–596. 

35.  Bevilacqua, M.P. and Nelson, R.M. J. Selectins. Clin. Invest. 1993; 91:379-387. 

36.  Bevilacqua, M.P. Endothelial-leukocyte adhesion molecules. Annu. Rev.Immunol. 1993;11:767-

804. 

37.  Bevilacqua, M.P., Pober, J.S., Mendrick, D.L., Cotran, R.S. and Gimbrone, M.A. Identification of 

an inducible endothelial-leukocyte adhesion molecule. Proc.Natl. Acad. Sci. USA. 1987; 84:9238-

9242. 

38.  Bild D.E., Bluemke D.A., Burke G.L., Multi-Ethnic Study of Atherosclerosis: Objectives and 

Design; Am.J.Epidemiol; 2002; 156:871-881; 

39.  Bird RE, Hardman KD, Jacobson JW, Johnson S, Kaufman BM, Lee SM, Lee T, Pope SH, 

Riordan GS, Whitlow M. Single-chain antigen-binding proteins. Science.1988; 242 (4877): 423-6.  

40.  Birnbaum, Y., Patterson, M. and Kloner, The effect of CY1503, a sialyl Lewis, R.A. analog 

blocker of the selectin adhesion molecules, on infarct size and „noreflow“ in the rabbit model of 

acute infarction/reperfusion. J. Mol. Cell Cardiol. 1997; 29:2013-2025. 



148 

 

41.  Birnboim, H.C. and Doly, J. A rapid alkaline extraction procedure for screening recombinant 

plasmid DNA. Nucl. Acids. Res. 1979; 7:1513-1523. 

42.  Blake Pepinsky, Catherine Hession, Ling-Ling Chen, Pamela Moy, Linda Burkly, Aniela 

Jakubowski, E. Pingchang Chow, Christopher Benjamin, Gloria Chi-Rosso, Stefan Luhowskyj, 

and Roy LobbSStructure/Function Studies on Vascular Cell Adhesion Molecule1-”, 

THEJOURNAL OF BIOLOGICACHLE MISTRY, Vol. 267, No. 25, pp. 17820-17826, 1992. 

43.  Blankenberg, S., Rupprecht, H.J., Bickel, C., Peetz, D., Hafner, G., Tiret, L. and Meyer, J. 

Ciculating cell adhesion molecules and death in patients with coronary artery disease. Circulation. 

2001; 104:1336-1342. 

44.  Blasberg, R. and Tjuvajev, J. Herpes simplex virus thymidine kinase as a marker/reporter gene for 

PET imaging of gene therapy. Q. J. Nucl. Med. 1999; 43:163- 169. 

45.  Bombeli T, Schwartz BR, Harlan JM. Adhesion of activated platelets to endothelial cells: evidence 

for a GPIIbIIIa-dependent bridging mechanism and novel roles for endothelial intercellular 

adhesion molecule 1 (ICAM-1), _v_3 integrin and GPIb_. J Ex Med. 1998;187: 329–339. 

46.  Bombeli, T., B.R. Schwartz, and J.M. Harlan, Adhesion of activated platelets to endothelial  cells: 

evidence for a GPIIbIIIa-dependent bridging mechanism and novel roles for endothelial 

intercellular adhesion molecule 1 (ICAM-1), alphavbeta3 integrin, and GPIbalpha. J Exp Med, 

1998. 187(3): p. 329-39. 

47.  Bonatti J, Bernecker O Chevtchik O, Hammerer-Lercher A Laufer G, Oberhuber A, Ott H 

Podesser B, Ruttmann E, Schachner T, Walter J, Zou YKardiovaskuläre Gentherapie - was kann 

der Chirurg derzeit davon erwarten?, Journal für Kardiologie 2002; 9(1-2): 14-20. 

48.  Boring, L., et al., Decreased lesion formation in CCR2-/- mice reveals a role for chemokines in the 

initiation of atherosclerosis. Nature, 1998. 394(6696): p. 894-7. 

49.  Bourdillon MC, Poston RN, Covacho C, Chignier E, Bricca G, McGregor JL. ICAM-1 deficiency 

reduces atherosclerotic lesions in doubleknockout mice (apoE2/2/ICAM-12/2) fed a fat or a chow 

diet. Arterioscler Thromb Vasc Biol. 2000;20:2630-2635. 

50.  Braun-Falco, M., Doenecke, A., Smola, H. and Hallek, M. Efficient gene transfer into human 

keratinocytes with recombinant adeno-associated virus vectors. Gene Ther. 1999;6:432-441. 

51.  Braunwald, E. Shattuck Lecture – cardiovasculare medicine at the turn of the millenium: triumphs, 

concerns, and opportunities. N. Engl. J. Med. 1997;337:1360-1369. 

52.  Braunwald, E., Shattuck lecture--cardiovascular medicine at the turn of the millennium: triumphs, 

concerns, and opportunities. N Engl J Med, 1997. 337(19): p. 1360-9. 

53.  Brenner, G., Gulbins, E. and Schlottmann, K. L-selectin activates the Ras pathway via the tyrosine 

kinase p56lck. Proc. Natl. Acad. Sci. USA. 1996; 93:15376-15381. 

54.  Breslow, J.L. Cardiovascular disease burden increases, NIH funding decreases. Nat. Med. 1997; 

3:600-601. 



149 

 

55.  Briscoe, D.M., Cotran, R.S. and Pober, J.S. Effects of tumor necrosis factor, lipopolysaccharide, 

and IL-4 on the expression of vascular cell adhesion molecule-1 in vivo. Correlation with CD3T 

cell infiltration. J. Immunol. 1992;149:2954-2960. 

56.  Briskin, M.J., McEvoy, L.M. and Butcher, E.C. MAdCAM-1 has homology to immunoglobulin 

and mucin-like adhesion receptors and to IgA1. Nature. 1993; 363:461- 464. 

57.  Broisat A, Riou LM, Ardisson V, Boturyn D, Dumy P, Fagret D, Ghezzi C. Molecular imaging of 

vascular cell adhesion molecule-1 expression in experimental atherosclerotic plaques with 

radiolabelled B2702-p. Eur J Nucl Med Mol Imaging. 2007;34:830–840. 

58.  Broisat,A., Hernot,S.,Toczek,J., Jens De Vos, Riou,L.M., Martin,S., Ahmadi,M.,Thielens, N., 

Wernery,U., Caveliers,V., Muyldermans,S., Lahoutte,T., Fagret,D., Ghezzi,C., Devoogdt, N.; 

Nanobodies Targeting Mouse/Human VCAM1 for the Nuclear Imaging of Atherosclerotic 

Lesions, Circ Res. 2012;110:927-937. 

59.  Buckley, C.D. and Simmons, D.L. Cell adhesion: a new target for therapy. Mol. Med. Today. 

1997; 3:449-456. 

60.  Buerke, M., Weyrich, A.S., Zheng, Z., Gaeta, F.C., Forrest, M.J. and Lefer, A.M. Sialyl Lewisx-

containing oligosaccharide attenuates myocardial reperfusion injury in cats. J. Clin. Invest. 1994; 

93:1140-1148. 

61.  Burch RM, Noronha-Blob L, Bator JM, Lowe VC, Sullivan JP. Mice treated with a leumedin or 

antibody to Mac-1 to inhibit leukocyte sequestration survive endotoxin challenge. J Immunol 150 

(8 Pt 1): 3397-403.  

62.  Burns LJ, Pooley JC, Walsh DJ, Vercellotti GM, Weber ML, Kovacs A. Intercellular adhesion 

molecule-1 expression in ECs is activated by cytomegalovirus immediate early proteins. 

Transplantation. 1999;67: 137–144. 

63.  Burridge, K. and Chrzanowska-Wodnicka, M. Focal adhesions, contractility and signaling. Annu. 

Rev. Cell. Dev. Biol. 1996; 12:463-518. 

64.  Butcher, E.C., Leukocyte-endothelial cell recognition: three (or more) steps to specificity and 

diversity. Cell, 1991. 67(6): p. 1033-6.  

65.  Buttery LD, Springall DR, Chester AH, Evans TJ, Standfield N, Parums DV, Yacoub MH, Polak 

JM. Inducible nitric oxide synthase is present within human atherosclerotic lesions and promotes 

the formation and activity of peroxynitrite. Lab Invest. 1996;75:77–85. 

66.  By Robert G. Collins, Rizwan Velji, Natalia V. Guevara, M. John Hicks,§ Lawrence Chan, i and 

Arthur L. BeaudetP-Selectin or Intercellular Adhesion Molecule (ICAM)-1Deficiency 

Substantially Protects against Atherosclerosis in Apolipoprotein E–deficient Mice, J. Exp. Med. 

The Rockefeller University Press • 0022-1007/2000.Volume 191, Number 1, January 3, 2000 189–

194. 



150 

 

67.  Campbell R, Edelmann ER, Simon DI. A mAb to the Я2-leukocyte integrin Mac-1 (CD11b/Cd18) 

reduces intimal thickening after angioplasty or stent implantation in rabbits. Proc Natl Acad 

Sci.1998; USA 95: 10134-10139.  

68.  Campbell, J.J., E.F. Foxman, and E.C. Butcher, Chemoattractant receptor cross talk as a regulatory 

mechanism in leukocyte adhesion and migration. Eur J Immunol, 1997. 27(10): p. 2571-8.  

69.  Campbell, J.J., et al., Chemokines and the arrest of lymphocytes rolling under flow conditions. 

Science, 1998. 279(5349): p. 381-4.  

70.  Candido, R., Jandeleit-Dahm, K.A., Cao,Z., Nesteroff, S.P., Burns,W.C., Twigg,S.M., Dilley, R.J., 

Cooper, M.E., Allen, T.J., Prevention of Accelerated Atherosclerosis by Angiotensin-Converting 

Enzyme Inhibition in Diabetic Apolipoprotein E–Deficient Mice, Circulation. 2002;106:246-253. 

71.  Cao Y1, Jacobsen NR, Danielsen PH, Lenz AG, Stoeger T, Loft S, Wallin H, Roursgaard 

M, Mikkelsen L, Møller P. Vascular effects of multiwalled carbon nanotubes in dyslipidemic 

ApoE-/- mice and cultured endothelial cells. Toxicol Sci. 2014 Mar;138(1):104-16.  

72.  Carlos TM, Harlan JM (1994) Leukocyte-endothelial adhesion molecules Blood 84(7) 2068-2101. 

73.  Carlos TM, Harlan JM (1994). Leukocyte-endothelial adhesion molecules. Blood.1993; 84 (7): 

2068-101.  

74.  Carlos, T.M. and Harlan, J.M. Leukocyte-endothelial adhesion molecules. Blood. 1994; 84:2068-

2101. 

75.  Carlos, T.M., Schwartz, B.R., Kovach, N.L., Yee, E., Rosa, M., Osborn, L., Chi-Rosso, G., 

Newman, B., Lobb, R. and Roso, M. Vascular cell adhesion molecule-1 mediates lymphocyte 

adherence to cytokine-activated cultured human endothelial cells published erratum appears in 

Blood. 1990; 1;76:2420. Blood 76:965-970. 

76.  Carpén, O., Pallai, P., Staunton, D.E. and Springer, T.A. Association of intercellular adhesion 

molecule-1 (ICAM-1) with actin-containing cytoskeleton and -actinin. J. Cell. Biol. 1992; 

118:1223-1234. 

77.  Carroll L. Ramos, Yuqing Huo, Unsu Jung, Shukti Ghosh, David R. Manka, Ian J. Sarembock, 

Klaus Ley, Direct Demonstration of P-Selectin– and VCAM-1–Dependent Mononuclear Cell 

Rolling in Early Atherosclerotic Lesions of Apolipoprotein E–Deficient Mice .Circ Res. 

1999;84:1237-1244. 

78.  Carroll L. Ramos, Yuqing Huo, Unsu Jung, Shukti Ghosh, David R. Manka, Ian J. Sarembock and 

Klaus Ley, Direct Demonstration of P-Selectin– and VCAM-1–Dependent Mononuclear Cell 

Rolling in Early Atherosclerotic Lesions of Apolipoprotein E–Deficient Mice, Circ. Res. 

1999;84;1237-1244. 

79.  Carter, R.A. and Wicks, I.P. Vascular cell adhesion molecule 1 (CD106). A Multifaceted 

Regulator of Joint Inflammation. Arthritis Rheum. 2001; 44:985-994. 

80.  Chan, J.R., Hyduk, S.J. and Cybulsky, M.I. 41 Integrin/VCAM-1 interaction activates L2 Integrin-

mediated adhesion to ICAM-1 in human T cells. J. Immunol. 2000;164:746-753. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Jacobsen%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Danielsen%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Lenz%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Stoeger%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Loft%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Wallin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Roursgaard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Roursgaard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikkelsen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%B8ller%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24431218
http://www.ncbi.nlm.nih.gov/pubmed/24431218


151 

 

81.  Chang CC, Chu CF, Wang CN, Wu HT, Bi KW, Pang JH, Huang ST. The anti-atherosclerotic 

effect of tanshinone IIA is associated with the inhibition of TNF-α-induced VCAM-1, ICAM-1 

and CX3CL1 expression. Phytomedicine. 2014 Feb 15;21(3):207-16.  

82.  Chapman AP, Antoniw P, Spitali M, West S, Stephens S, King DJ.Therapeutic antibody fragments 

with prolonged in vivo half-lives. Nat Biotechnol. 1999; 17 (8): 780-3.  

83.  Charakida M, Donald A, Terese M, Leary S, Halcox JP, Ness A, Davey Smith G, Golding J, Klein 

NJ, Deanfield JE, and ALSPAC Study Team. Endothelial dysfunction in childhood infection. 

Circulation 2005;111: 1160–1165. 

84.  Chavakis T, Athanasopoulos A, Rhee JS, Orlova V, Schmidt-Woll T, Bierhaus A, May AE, Celik  

I, Nawroth PP, Preissner KT. Angiostatin is a novel anti-inflammatory factor by inhibiting  

leukocyte recruitment. Blood. 2005; 105: 1036-1043.  

85.  Chobanian, A.V. and Dzau, V.J. Renin angiotensin system and atherosclerotic vascular disease. In: 

Atherosclerosis and coronary artery disease (ed. by Fuster, V., Ross, R. & Topol, E.J.), Vol.1, 

Lippincott-Raven, Philadelphia, 1996;pp. 237-242. 

86.  Choi KW1, Um SH, Kwak JH, Park HJ, Kim KH, Moon EY, Kwon ST, Pyo S. Suppression 

of adhesion molecule expression by phenanthrene-containing extract of bulbils of Chinese Yam in 

vascular smooth muscle cells through inhibition of MAPK, Akt and NF-κB. Food Chem 

Toxicol. 2012 Aug;50(8):2792-804. doi: 10.1016/j.fct.2012.05.005. 

87.  Chuntharapai, A., et al., Monoclonal antibodies detect different distribution patterns of IL-8 

receptor A and IL-8 receptor B on human peripheral blood leukocytes. J Immunol, 1994. 153(12): 

p. 5682-8. 

88.  Chyu KY, Dimayuga P, Zhu J, Nilsson J, Kaul S, Shah PK, Cercek B. Decreased neointimal 

thickening after arterial wall injury in inducible nitric oxide synthase knockout mice. Circ Res. 

1999;85:1192–1198. 

89.  Clark, E.A. and Brugge, J.S. Integrins and signal transduction pathways: the road taken. Science. 

1995; 268:233-238. 

90.  Collins RG, Velji R, Guevara NV, et al: 2000. PSelectin or intercellular adhesion molecule 

(ICAM)-1 deficiency substantially protects against atherosclerosis in apolipoprotein E–deficient 

mice. J Exp Med 191:189–194. 

91.  Collins RG, Velji R, Guevara NV, Hicks MJ, Chan L, Beaudet AL. P-Selectin or intercellular 

adhesion molecule (ICAM)-1 deficiency substantially protects against atherosclerosis in 

apolipoprotein E-deficient mice. J Exp Med. 2000;191:189 –194. 

92.  Combadiere C, Potteaux S, Rodero M, et al:2008. Combined inhibition of CCL2, CX3CR1, and 

CCR5 abrogates Ly6C(hi) and Ly6C(lo) monocytosis and almost abolishes atherosclerosis in 

hypercholesterolemic mice. Circulation 117:1649–1657. 

93.  Cominacini, L., Garbin, U., Pasini, A.F., Davoli, A., Campagnola, M., Contessi, G.B., Pastorini, 

A.M. and Lo Cascio, V. Antioxidants inhibit the expression of intercellular cell adhesion 

http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=24157079
http://www.ncbi.nlm.nih.gov/pubmed?term=Chu%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=24157079
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=24157079
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20HT%5BAuthor%5D&cauthor=true&cauthor_uid=24157079
http://www.ncbi.nlm.nih.gov/pubmed?term=Bi%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=24157079
http://www.ncbi.nlm.nih.gov/pubmed?term=Pang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=24157079
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=24157079
http://www.ncbi.nlm.nih.gov/pubmed/24157079
http://www.ncbi.nlm.nih.gov/pubmed?term=Choi%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed?term=Um%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed?term=Kwak%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed?term=Moon%20EY%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed?term=Kwon%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed?term=Pyo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22583650
http://www.ncbi.nlm.nih.gov/pubmed/22583650
http://www.ncbi.nlm.nih.gov/pubmed/22583650


152 

 

molecule-1 and vascular cell adhesion molecule-1 induced by oxidized LDL on human umbilicial 

vein endothelial cells. Free Radic. Biol. Med. 1997; 22:117-127. 

94.  Cooke BM, Usami S, Perry I, Nash GB. A simplified method for culture of endothelial cells and 

analysis of blood cells under conditions of flow. Microvasc Res. 1993;45:33– 45. 

95.  Cooper, J.A. Effects of cytochalasin and phalloidin on actin. J. Cell Biol. 1987; 105:1473-1478. 

96.  Corbí, A.L. Leukocyte integrins, structure, expression and function. Springer, Heidelberg. 1996. 

97.  Couffinal, T., Duplàa, C., Moreau, C., Lamaziere, J.M.D. and Bonnet, J. 1994. 

98.  Cross, C.E., van der Vliet, A. and Eiserich, J.P. Cigarette smokers and oxidant stress: a continuing 

mystery. Am J. Clin. Nutr. 1998; 67:184-185. 

99.  Cybulsky MI, Gimbrone MA, Jr.: 1991. Endothelial expression of a mononuclear leukocyte 

adhesion molecule during atherogenesis. Science 251:788–791. 

100. Cybulsky MI, Iiyama K, Li H, et al: 2001. A major role for VCAM-1, but not ICAM-1, in early 

atherosclerosis. J Clin Invest 107: 1255–1262. 

101. Cybulsky, M.I., and Gimbrone, M.A., Jr. 1991. Endothelial expression of a mononuclear leukocyte 

adhesion molecule during atherogenesis. Science. 251:788–791. 

102. Cybulsky, M.I., Fries, J.W., Williams, A.J., Sultan, P., Eddy, R., Byers, M., Shows, T. Gimbrone, 

M.A., Jr. and Collins, T. Gene structure, chromosomal location, and basis for alternative mRNA 

splicing of the human VCAM1 gene. Proc. Natl. Acad. Sci. USA. 1991; 88:7859-7863. 

103. Cybulsky, M.I., Fries, J.W.U., Williams, A.J.,Sultan, P., Davis, V.M., Gimbrone, M.A., Jr. and 

Collins, T. Alternative splicing of human VCAM-1 in activated vascular endothelium. Am. J. 

Pathol. 1991;138:815-820. 

104. Dansky HM, Charlton SA, Harper MM, Smith JD. T and B lymphocytes play a minor role in 

atherosclerotic plaque formation in the apolipoprotein E-deficient mouse. Proc Natl Acad Sci U S 

A. 1997;94:4642– 4646. 

105. Dansky, H.M., Barlow, C.B., Lominska, C., Sikes, J.L., Kao, C., Weinsaft, J., Cybulsky, M.I. and 

Smith, J.D. Adhesion of monocytes to arterial endothelium and initiation of atherosclerosis are 

critically depending on vascular cell adhesion molecule-1 gene dosage. Arterioscler. Thromb. 

Vasc. Biol. 2001; 21:1662- 1667. 

106. Davies, M.J., Gordon, J.L., Gearing, A.J., Pigott, R., Woolf, N., Katz, D. and Kyriakopoulos, A. 

The expression of the adhesion molecules ICAM-1, VCAM-1, PECAM, and E-selectin in human 

atherosclerosis. J. Pathol. 1993; 171:223- 229. 

107. Davies, P.F. and Tripathi, S.C. Mechanical stress mechanisms and the cell: an endothelial 

paradigm. Circ. Res. 1993; 72:239-245. 

108. Dawber, T.R. and Kannel, W.B. The Framingham study. An epidemiological approach to coronary 

heart disease. Circulation. 1966; 34:553-555. 



153 

 

109. Degawa H, Watanabe K, Uchida H, Nagao T, Tomikawa S, Beck Y, Nomura Y Ichikawa N, Ando 

J, Kikuchi K, Ito S (1996) Blocking of ICAM-1 –1 and LFA-1 in rat liver transplantations 

Transplantation Proceedings Jun; 28(3)  ̧1362-1363. 

110. Detmers PA, Hernandez M, Mudgett J, Hassing H, Burton C, Mundt S, Chun S, Fletcher D, Card 

DJ, Lisnock J, Weikel R, Bergstrom JD, Shevell DE, Hermanowski-Vosatka A, Sparrow CP, Chao 

YS, Rader DJ, Wright SD, Pure E. Deficiency in inducible nitric oxide synthase results in reduced 

atherosclerosis in apolipoprotein E deficient mice. J Immunol. 2000;165:3430–3435. 

111. Detmers, P.A., et al., Neutrophil-activating protein 1/interleukin 8 stimulates the binding activity 

of the leukocyte adhesion receptor CD11b/CD18 on human neutrophils. J Exp Med, 1990. 171(4): 

p. 1155-62.  

112. Dibasio, R.B. and LoBuglio, A.F. Immunomodulators: immunosuppressive agents and 

immunostimulants. In: Hardman, J.G., Limbird, L.E., editors. Goodman & Gilman: the 

pharmacological basis of therapeutics. New York: McGraw-Hill, pp. 1996; 1291-1308. 

Ding ZM, Babensee JE, Simon SI, Lu H, Perrard JL, Bullard DC, Dai XY, Bromley SK, Dustin  

ML, Entman ML, Smith CW, Ballantyne CM (1999). Relative contribution of LFA-1 and Mac-1  

to neutrophil adhesion and migration. J Immunol 163 (9): 5029-38.  

113. Dong JF, Moake JL, Bernardo A, Areceneaux W, Shrimpton CN, Schade AJ, McIntyre LV, 

Fujikawa K, Lopez JA. ADAMTS-13 rapidly cleaves newly secreted ultralarge von Willebrand 

factor multimers on the endothelial surface under flowing conditions. Blood. 2002;100:4033– 

4039. 

114. Dong ZM, Brown AA, Wagner DD. Prominent role of P-selectin in the development of advanced 

atherosclerosis in apoE-deficient mice. Circulation. 2000;101:2290 –2295. 

115. Dong ZM, Chapman SM, Brown AA, et al: 1998. The combined role of P- and Eselectins in 

atherosclerosis. J Clin Invest 102:145–152. 

116. Dormann, D., J.M. Clemetson, A. Navdaev, B.E. Kehrel, and K.J. Clemetson. 2001. Alboaggregin 

A activates platelets by a mechanism involving glycoprotein VI as well as glycoprotein Ib. Blood. 

97:929–936. 

117. Dosquet C1, Weill D, Wautier JL. Molecular mechanism of blood monocyte adhesion to vascular 

endothelial cells. Nouv Rev Fr Hematol. 1992;34 Suppl:S55-9. 

118. Drexler H, Zeiher AM. Endothelial function in human coronary arteries in vivo: focus on 

hypercholesterolemia. Hypertension. 1991;18: II90 –II99. 

119. Du, X., E. Magnenat, T.N. Wells, and K.J. Clemetson. 2002. 

120. Dustin, M.L., Rothlein, R., Bhan, A.K., Dinarello, C.A. and Springer, T.A. Induction of IL 1 and 

interferon-gamma: tissue distribution, biochemistry, and function of a natural adherence molecule 

(ICAM-1). J. Immunol. 1986; 137:245-254. 

121. Dustin, M.L., Staunton, D.E. and Springer, T.A. Supergene families meet in the immune system. 

Immunol. Today. 1988; 9:213-215. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Dosquet%20C%5BAuthor%5D&cauthor=true&cauthor_uid=1340530
http://www.ncbi.nlm.nih.gov/pubmed?term=Weill%20D%5BAuthor%5D&cauthor=true&cauthor_uid=1340530
http://www.ncbi.nlm.nih.gov/pubmed?term=Wautier%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=1340530
http://www.ncbi.nlm.nih.gov/pubmed/1340530


154 

 

122. Dyer CM, Lew AM. Antigen targeted to secondary lymphoid organs via vascular cell adhesion 

molecule (VCAM) enhances an immune response. Vaccine. 2003;21:2115–2121. 

123. Ebnet, K., Brown, K.D., Siebenlist, U.K., Simon, M.M. and Shaw, S. Borrelia burgdorferi 

activates nuclear factor-B and is a potent inducer of chemokine and adhesion molecule gene 

expression in endothelial cells and fibroblasts. J. Immunol. 1997; 158:3285-3292. 

124. Ehlers  R,  Ustinov  V,  Chen  Z,  Zhang  X,  Rao  R,  Luscinskas  FW,  Lopez  J,  Plow  E,  Simon  

DI  (2003). Targeting platelet-leukocyte interactions: identification of the integrin Mac-1 binding 

site  for the platelet counter receptor glycoprotein Ibalpha. J Exp Med 198 (7): 1077-88.  

125. Eigler, A., Sinha, B., Hartmann, G. and Endres, S. Taming TNF: strategies to restrain this 

proinflammatory cytokine. Immunol. Today. 1997; 18:487-491. 

126. Eine Bindung ist nicht genug - wie Leukozyten an Blutgefäße binden, MAX-PLANCK-

GESELLSCHAFT Presseinformation, B 22 / C 14 / 2004 (49) (PNAS, Early Edition, 20. April 

2004. 

127. Eisenbarth, C.A., Haynes, B.F., Schroer, J.A. and Fauci, A.S. Production of monoclonal antibodies 

reacting with peripheral blood mononuclear cell surface differentiation antigens. J. Immunol. 

1980; 124:1237-1244. 

128. Elliott M. Antman, MD, FACC, FAHA, Chair ACC/AHA Guidelines for the Management of 

Patients With ST-Elevation Myocardial Infarction, American College of Cardiology Foundation 

and the American Heart Association, Inc.2004.  

129. Endothelial junctional adhesion molecule-a guides monocytes into flow-dependent predilection 

sites ofatherosclerosis. Schmitt MM1, Megens RT, Zernecke A, Bidzhekov K, van den Akker 

M, Rademakers T, van Zandvoort MA, Hackeng TM, Koenen RR, Weber C. Fenyo IM, Gafencu 

AV.The involvement of the monocytes/macrophages in chronic inflammation associated 

with atherosclerosis. Immunobiology. 2013 Nov;218(11):1376-84.  

130. Eric T. Choi, MD; M. Faisal Khan, MD; Jeremy E. Leidenfrost, BA; Emily T. Collins, BS; 

Kenneth P. Boc, BS; Brian R. Villa, BA; Deborah V. Novack, MD; William C. Parks, PhD; Dana 

R. Abendschein, PhD, β3-Integrin Mediates Smooth Muscle Cell Accumulation in Neointima 

After Carotid Ligation in Mice, Circulation. 2004;109:1564-1569. 

131. Esaki T, Hayashi T, Muto E, Yamada K, Kuzuya M, Iguchi A. Expression of inducible nitric oxide 

synthase in T lymphocytes and macrophages of cholesterol-fed rabbits. Atherosclerosis. 

1997;128:39–46. 

132. Etzioni A, Doerschuk CM, Harlan JM (1999). Of man and mouse: leukocyte and endothelial  

adhesion molecule deficiencies. Blood 94 (10): 3281-8.  

133. Ewence AE, Bootman M, Roderick HL, et al: Calcium phosphate crystals induce cell death in 

human vascular smooth muscle cells: a potential mechanism in atherosclerotic plaque 

destabilization. Circ Res 103: e28-e34, 2008, extravasation are severely compromised in P 

selectin-deficient mice. Cell 74 (3): 541-54. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Schmitt%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Megens%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Zernecke%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Bidzhekov%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20den%20Akker%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20den%20Akker%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Rademakers%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Zandvoort%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Hackeng%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Koenen%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Weber%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24065611
http://www.ncbi.nlm.nih.gov/pubmed?term=Fenyo%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=23886694
http://www.ncbi.nlm.nih.gov/pubmed?term=Gafencu%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=23886694
http://www.ncbi.nlm.nih.gov/pubmed?term=Gafencu%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=23886694
http://www.ncbi.nlm.nih.gov/pubmed/23886694


155 

 

134. F. Bestaa, I. Mu¨llera, M. Lorenza, S. Massberga, A. Bu¨ltmanna, N. Cabezaa, T. Richterb, E. 

Kremmerc, C. Nothdurfterd, K. Brandd, M. Gawaza,e, Reduced B3-endonexin levels are 

associated with enhanced  urokinase-type plasminogen activator, 

doi:10.1016/j.thromres.2004.02.021. 

135. Falk, E., Shah, P.K. and Fuster, V. Pathogenesis of plaque disruption. In: Atherosclerosis and 

coronary artery disease (ed. by Fuster, V., Ross, R. & Topol, E.J.), Vol.1, Lippincott-Raven, 

Philadelphia, pp. 1996; 492-510. 

136. Fawcett, J., Holness, C.L., Needham, L.A., Turley, H., Gatter, K.C., Mason, D.Y. and Simmons, 

D.L. Molecular cloning of ICAM-3, a third ligand for LFA-1, constitutively expressed on resting 

leukocytes. Nature. 1992; 360:481-484. 

137. Federici, C., Camoin, L., Hattab, M., Strosberg, A.D. and Courand, P.-O. Association of the 

cytoplasmic domain of intercellular-adhesion molecule-1 with glyceraldehyde-3-phosphate 

dehydrogenase and -tubulin. Eur. J. Biochem. 1996; 238:173-180. 

138. Feige E, Yacov N, Salem Y, Levi I, Mendel I, Propheta-Meiran O, Shoham A, Hait-Darshan 

R, Polonsky O, George J, Harats D, Breitbart E. Inhibition of monocyte chemotaxis by VB-201, a 

small molecule lecinoxoid, hinders atherosclerosis development in ApoE⁻/⁻ mice. 

Atherosclerosis. 2013;229(2):430-9.  

139. Forlow SB, Ley K (2001). Selectin-independent leukocyte rolling and adhesion in mice deficient  

in E-, P-, and L-selectin and ICAM-1. Am J Physiol Heart Circ Physiol 280 (2): H634-41.  

140. Forsyth CB, Solovjov DA, Ugarova TP, Plow EF (2001). Integrin alpha(M)beta(2)-mediated cell  

migration to fibrinogen and its recognition peptides. J Exp Med 193 (10): 1123-33.  

141. Freedman, A.S., Munro, J.M., Rice, G.E., Bevilacqua, M.P., Morimoto, C., McIntyre, B.W., 

Rhynhart, K., Pober, J.S. and Nadler, L.M. Adhesion of human B cells to germinal centers in vitro 

involves VLA-4 and INCAM-110. Science. 1990; 249:1030-1033. 

142. Frenette PS, Wagner DD (1996). Adhesion molecules-Part I. N Engl J Med 334 (23): 1526-9.  

143. Frenette PS, Wagner DD (1996). Adhesion molecules-Part II: Blood vessels and blood cells.  N 

Engl J Med 335 (1): 43-5.  

144. Frenette, P.S. and Wagner, D.D. Adhesion molecules – part I. N. Engl. J. Med. 1996; 334:1526-

1529. 

145. Frenette, P.S. and Wagner, D.D. Adhesion molecules – part II: blood vessels and blood cells. N. 

Engl. J. Med. 1996; 335:43-45. 

146. Fressinaud E, Meyer D. Von Willebrand factor and platelet interactions with the vessel wall. 

Blood Coagul Fibrinolysis. 1991;2:333–340. 

147. Fujiyama S, Amano K, Uehira K, Yoshida M, Nishiwaki Y, Nozawa Y, Jin D, Takai S, Miyazaki 

M, Egashira K, Imada T, Iwasaka T, Matsubara H. Bone marrow monocyte lineage cells adhere on 

injured endothelium in a monocyte chemoattractant protein-1-dependent manner and accelerate 

reendothelialization as endothelial progenitor cells. Circ Res. 2003;93:980 –989. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Feige%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Yacov%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Salem%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Levi%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Mendel%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Propheta-Meiran%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Shoham%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Hait-Darshan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Hait-Darshan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Polonsky%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=George%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Harats%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed?term=Breitbart%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23880199
http://www.ncbi.nlm.nih.gov/pubmed/23880199


156 

 

148. Furie, M.B., Tancinco, M.C. and Smith, C.W. Monoclonal antibodies to leukocyte integrins 

CD11a/CD18 and CD11b/CD18 or intercellular adhesion molecule-1 inhibit chemoattractant-

stimulated neutrophil transendothelial migration in vitro. Blood. 1991; 78:2089-2097. 

149. Fuster V, Moreno PR, Fayad ZA, Corti R, Badimon JJ. Atherothrombosis and high-risk plaque, 

part I: evolving concepts. J Am Coll Cardiol. 2005;46:937–954. 

150. Gal D, Rongione AJ, Slovenkai GA, et al. Atherosclerotic Yucatan microswine: an animal model 

with high-grade fibrocalcific, nonfatty lesions suitable for testing catheter- based interventions. 

Am Heart J 1990; 119:291–300. 

151. García-Vicuña, R., Díaz-González, F., González-Alvaro, I., del Pozo, M.A., Mollinedo, F., 

Cabañas, C., González-Amaro, R. and Sánchez-Madrid, F. Prevention of cytokine-induced 

changes in leukocyte adhesion receptors by nonsteroidal antiinflammatory drugs from oxicam 

family. Arthritis Rheum. 1997; 40:143- 153. 

152.  Gawaz M, Neumann FJ, Dickfeld T, Reininger A, Adelsberger H, Gebhardt A, Schomig A. 

Vitronectin receptor (_v_3) mediates platelet adhesion to the luminal aspect of endothelial cells. 

Circulation. 1997;96: 1809–1818. 

153. Gearing, A.J.H. and Newman, W. Circulating adhesion molecules in disease. Immunol. Today. 

1993; 14:506-512. 

154. Gerszten, R.E., Lim, Y.-C., Ding, H.T., Snapp, K., Kansas, G., Dichek, D.A., Cabañas, C., 

Sánchez-Madrid, F., Gimbrone, M.A., Jr., Rosenzweig, A. and Luscinskas, F.W. Adhesion of 

monocytes to vascular cell adhesion 6. Literatur 130 molecule-1-transduced human endothelial 

cells. Implications for atherogenesis. Circ. Res. 1998; 82:871-878. 

155. Gilat, D., et al., Regulation of adhesion of CD4+ T lymphocytes to intact or Heparitinase-treated 

subendothelial extracellular matrix by diffusible or anchored RANTES and MIP-1 beta. J 

Immunol, 1994. 153(11): p. 4899-906. 

156. Gimbrone, M.A., Jr., Cotran, R.S. and Folkman, J. Human vascular endothelial cells in culture, 

growth and DNA synthesis. J. Cell. Biol. 1974; 60:673-684. 

157. Gimbrone, M.A., Jr., Nagel, T. and Topper, J.N. Biomechanical activation: an emerging 

paradigma in endothelial adhesion biology. J. Clin. Invest. 1997; 99:1809-1813. 

158. Giuffre, L., et al., Monocyte adhesion to activated aortic endothelium: role of L-selectin and 

heparan sulfate proteoglycans. J Cell Biol, 1997. 136(4): p. 945-56.  

159. Giunzioni, I., et al. 2014. Cigarette smoke condensate affects monocyte interaction with 

endothelium. Atherosclerosis. 234(2):383-90. doi: 10.1016/j.atherosclerosis.2014.03.029. Epub 

2014 Apr 1.  

160. Glakov, S., Weisenberg, E., Zarins, C.K., Stankunavicius, R. and Kolettis G.J. Compensatory 

enlargement of human atherosclerotic coronary arteries. N. Engl. J. Med. 1987;316:1371-1375. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Giunzioni%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24747113
http://www.ncbi.nlm.nih.gov/pubmed/24747113


157 

 

161. Gokce N, Keaney JF Jr, Hunter LM, Watkins MT, Nedeljkovic ZS, Menzoian JO, Vita JA. 

Predictive value of noninvasively determined endothelial dysfunction for long-term cardiovascular 

events in patients with peripheral vascular disease. J Am Coll Cardiol. 2003;41: 1769–1775. 

162. González-Alvaro, I., Carmona, L., Díaz-González, F., González-Amaro, R.,Mollinedo, F., 

Sánchez-Madrid, F., Laffon, A. and García-Vicuña, R. Aceclofenac, a new nonsteroidal 

antiinflammatory drug, decreases the expression and function of some adhesion molecules on 

human neutrophils. J. Rheumatol. 1996; 23:723-729. 

163. González-Amaro, R., Díaz-González, F. and Sánchez-Madrid, F. Adhesion molecules in 

inflammatory disease. Drugs. 1998; 56:977-988. 

164. Goodhart DM, Anderson TJ. Role of nitric oxide in coronary arterial vasomotion and the influence 

of coronary atherosclerosis and its risks. Am J Cardiol. 1998;82:1034 –1039. 

165. Goon PK, Boos CJ, Lip GY. Circulating endothelial cells: markers of 

166. Göran K. Hansson, Inflammation, Atherosclerosis and Coronary Artery Disease, N Engl J Med 

2005;352:1685-95. 

167. Göran K. HanssonInflammation, Atherosclerosis, and Coronary Artery Disease, N Engl 

J Med 2005; 352:1685-1695. 

168. Gossen, M. and Bujard, H. Tight control of gene expression in mammalian cells by tetracycline-

responsive promoters. Proc. Natl. Acad. Sci. 1992; 89:5547-5551. 

169. Gossen, M., Freundlieb, S., Bender, G., Müller, G., Hillen, W. and Bujard, H. Transcriptional 

activation by tetracyclines in mammalian cells. Science. 1995; 268:2723- 2739. 

170. Greve, J.M., Davis, G., Meyer, A.M., Forte, C.P., Yost, S.C., Marlor, C.W.,Kamarck, M.E. and 

McClelland, A. The major human rhinovirus receptor is ICAM-1. Cell. 1989; 56:839-847. 

171. Griendling, K.K. and Alexander, R.W. Oxidative stress and cardiovascular disease. Circulation. 

1997; 96:3264-3265. 

172.  Gurtner GC, Davis V, Li H, McCoy MJ, Sharpe A, Cybulsky MI. Targeted disruption of the 

murine VCAM1 gene: essential role of VCAM-1 in chorioallantoic fusion and placentation. Genes 

Dev. 1995; 9:1–14. 

173. Gurtner, G.C., Davis, V., Li, H., McCoy, M.J., Scarpe, A. and Cybulsky, M.I. Targeted disruption 

of the murine VCAM-1 gene: essential role of VCAM-1 chorioallantoic fusion and placentation. 

Genes Dev. 1995; 9:1-14. 

174. Gurtner, G.C., et al. 1995. Targeted disruption of the murine VCAM-1 gene: essential role of 

VCAM-1 in chorioallantoic fusion and placentation. Genes Dev. 9:1–14. 

175. Gutstein D.E., Fuster V., Pathophysiology and clinical significance of atherosclerotic plaque 

rupture; Cardiovacular Research 41; 1999; 323-333; 

176. Haber E (1986). In vivo diagnostic and therapeutic uses of monoclonal antibodies in cardiology. 

Annu Rev Med 37: 249-61.  



158 

 

177. Hansson GK, Zhou X, Tornquist E, Paulsson G. The role of adaptive immunity in atherosclerosis. 

Ann N Y Acad Sci. 2000;902:53– 64. 

178. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med. 

2005;352:1685–1695. 

179. Harris, J.D., Graham, I.R., Schepelmann, S., Stannard, A.K., Roberts, M.L., Hodges, B.L., Hill, 

V.J., Amalfitano, A., Hassall, D.G., Owen, J.S., and Dickson,G. Acute regression of advanced and 

retardation of early aortic atheroma in immunocompetent apolipoprotein-E (apoE) deficient mice 

by administration of a second generation (E1-, E3-,polymerase) adenovirus vector expressing 

human apoE. Human Molecular Genetics, Vol. 2002; 11, No.1, 43-58.  

180. Hawrylowicz, C.M., G.L. Howells, and M. Feldmann, Platelet-derived interleukin 1  induces 

human endothelial adhesion molecule expression and cytokine production. J Exp Med, 1991. 

174(4): p. 785-90. 

181. Hayes M. Dansky, Courtenay B. Barlow, Chris Lominska, John L. Sikes, Catherine Kao, Jonathan 

Weinsaft, Myron I. Cybulsky, Jonathan D. Smith, Adhesion of Monocytes to Arterial Endothelium 

and Initiation of Atherosclerosis Are Critically Dependent on Vascular Cell Adhesion Molecule-1 

Gene Dosage, (Arterioscler Thromb Vasc Biol. 2001;21:1662-1667. 

182. Haynes, B.F. and Heinly, C.S. Early human T cell development: analysis of the human thymus at 

the time of initial entry of hematopoietic stem cells into the fetal thymic  microenvironment. J. 

Exp. Med. 1995; 181:1445-1458. 

183. Haynes, B.F., Mann, D.L., Hemler, M.E., Schroer, J.A., Shelhamer, J.H., Eisenbarth, G.S., 

Stromiger, J.L. Thomas, C.A., Mostowski, H.S. and Fauci, A.S. Charakterization of a monoclonal 

antibody that defines an immunoregulatory T cell subset for immunoglobulin synthesis in humans. 

Prov. Natl. Acad. Sci. USA. 1980; 77:2914-2918. 

184. Haynes, B.F., Metzgar, R.S., Minna, J.D. and Bunn, P.A. Phenotypic characterization of cutaneous 

T-cell lymphoma. Use of monoclonal antibodies to compare with other malignant T cells. N. Engl. 

J. Med. 1981; 304:1319-1323. 

185. Heinly, C.S., Sempowski, G.D., Lee, D.M., Patel, D.D., McDermott, P.M., Scearce, R.M., 

Thompson, C.B. and Haynes, B.F. Comparison of thymocyte development and cytokine 

production in CD7-deficient, CD28- deficient and CD7/CD28 double-deficient mice. Int. 

Immunol. 2001; 13:157-166. 

186. Heiska, L., Alfthan, K., Grönholm, M., Vilja, P., Vaheri, A. and Carpén, O. Association of ezrin 

with interzellular adhesion molecule-1 and –2 (ICAM-1 and ICAM-2). J. Biol. Chem. 1998; 

273:21893-21900. 

187. Hemler, M.E. Integrin associated proteins. Curr. Opin. Cell Biol. 1998; 10:578-585. 

188. Henriksen,P.A.,  Hitt,M.,  Xing, Z., Wang,J., Haslett,C., Riemersma,R.A., Webb,D.J., 

Kotelevtsev,Y.V. and Sallenave, J.M. Adenoviral Gene Delivery of Elafin and Secretory 

Leukocyte Protease Inhibitor Attenuates NF-_B-Dependent Inflammatory Responses of Human 



159 

 

Endothelial Cells and Macrophages to Atherogenic Stimuli The Journal of Immunology, 2004; 

172: 4535–4544. 

189. Henseleit, U., Steinbrink, K., Sunderkotter, C., Goebeler, M., Roth, J. and Sor, C. Expression of 

murine VCAM-1 in vitro and in different models of inflammation in vivo: correlation with 

immigration of monocytes. Exp. Dermatol. 1994; 3:249-256. 

190. Hernandez, R., Allen NB., Liu, K., Association of depressive symptoms, trait anxiety, and 

perceived stress with subclinical atherosclerosis: results from the Chicago Healthy Aging Study 

(CHAS), Prev Med. 2014 Apr;61:54-60. doi: 10.1016/j.ypmed.2013.12.032. Epub 2014 Jan 13. 

191. Hickey MJ, Sharkey KA, Sihota EG, Reinhardt PH, Macmicking JD, Nathan C, Kubes P. 

Inducible nitric oxide synthase-deficient mice have enhanced leukocyte-endothelium interactions 

in endotoxemia. FASEB J. 1997;11:955–964. 

192. Hill JM, Zalos G, Halcox JP, Schenke WH, Waclawiw MA, Quyyumi AA, Finkel T. Circulating 

endothelial progenitor cells, vascular function, and cardiovascular risk. N Engl J Med. 

2003;348:593– 600. 

193. Hogg, N. and Landis, R.C. Adhesion molecules in cell interactions. Curr. Opin. Immunol. 1993; 

5:383-390. 

194. Hu G, Liu J, Zhen YZ, Wei J, Qiao Y, Lin YJ, Tu P. Rhein inhibits the expression of vascular 

cell adhesion molecule 1 in human umbilical vein endothelial cells with or without 

lipopolysaccharide stimulation. Am J Chin Med. 2013;41(3):473-85.  

195. Huber, S.A. VCAM-1 is a receptor for encephalomyocarditis virus on murine vascular endothelial 

cells. J. Virol. 1994; 68:3453-3458. 

196. Hundelshausen P, Weber KSC, Huo Y, Proudfoot AEI, Nelson PJ, Ley K, Weber C. RANTES 

deposition by platelets triggers monocyte arrest on inflamed and atherosclerotic endothelium. 

Circulation. 2001; 103:1772–1777. 

197.  Huo Y, Hafezi-Moghadam A, Ley K. Role of vascular cell adhesion molecule-1 and fibronectin 

connecting segment-1 in monocyte rolling and adhesion on early atherosclerotic lesions. Circ Res. 

2000;87:153–159.  

198. Huo Y, Ley K: 2001. Adhesion molecules and atherogenesis. Acta Physiol Scand 173: 35–43. 

199. Huo, Y., Hafezi-Moghadam, A. and Ley, K. Role of vascular cell adhesion molecule-1 and 

Fibronectin connecting segment-1 in monocyte rolling and adhesion on early atherosclerotic 

lesions. Circ. Res. 2000; 87:153-159. 

200. Huo, Y., Hafezi-Moghadam, A., Ley, K., Role of Vascular Cell Adhesion Molecule-1 and 

Fibronectin Connecting Segment-1 in Monocyte Rolling and Adhesion on Early Atherosclerotic 

Lesions; Circ Res. 2000;87:153-159. 

201. Hwang SJ, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gotto AM Jr, Boerwinkle E. 

Circulating adhesion molecules VCAM-1, ICAM-1, and E-selectin in carotid atherosclerosis and 

http://www.ncbi.nlm.nih.gov/pubmed/24434161
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23711136
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23711136
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhen%20YZ%5BAuthor%5D&cauthor=true&cauthor_uid=23711136
http://www.ncbi.nlm.nih.gov/pubmed?term=Wei%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23711136
http://www.ncbi.nlm.nih.gov/pubmed?term=Qiao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23711136
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=23711136
http://www.ncbi.nlm.nih.gov/pubmed?term=Tu%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23711136
http://www.ncbi.nlm.nih.gov/pubmed/23711136


160 

 

incident coronary heart disease cases: the Atherosclerosis Risk In Communities (ARIC) study. 

Circulation. 1997;16:96:4219–4225. 

202. Hynes RO (1992). Integrins: versatility, modulation, and signaling in cell adhesion. Cell 69 (1):  

11-25.  

203. Hynes, R.O. and Lander, A.D. Contact and adhesive specificities in the associations, migrations, 

and targeting of cells and axons. Cell. 1992; 68:303-322. 

204. Hynes, R.O. Integrins: versatility, modulation, and signaling in cell adhesion. Cell. 1992; 69:11-

25. 

205. Iademarco, M.F., McQuillan, J.J. and Dean, D.C. Vascular cell adhesion molecule 1: contrasting 

transcriptional control mechanisms in muscle and endothelium. Proc. Natl. Acad. Sci. USA. 1993; 

90:3943-3947. 

206. Iademarco, M.F., McQuillan, J.J., Rosen, G.D. and Dean, D.C. Characterization of the promoter 

for vascular adhesion molecule-1 (VCAM-1). J. Biol. Chem. 1992; 267:16323-16329. 

207.  Iiyama K, Hajra L, Iiyama M, Li H, DiChiara M, Medoff BD, Cybulsky MI. Patterns of vascular 

cell adhesion molecule-1 and intercellular adhesion molecule-1 expression in rabbit and mouse 

atherosclerotic lesions and at sites predisposed to lesion formation. Circ Res. 1999;9: 215–219. 

208. Iiyama, K., Hajra, L., Iiyama, M., Li, H., DiChiara, M., Medoff, B.D. and Cybulsky, M.I. Patterns 

of vascular cell adhesion molecule-1 expression in rabbit and mouse atherosclerotic lesions and at 

sites predisposed to lesion formation. Circ. Res. 1999; 85:199-207. 

209. Ikeda, T.I., Takahashi, T.M., Shimada, K., Monocyte-Endothelid Cell Interaction in Atherogenesis 

and , Clin. Cardiol.1998; 21, 11-14.  

210. Inflammation, Atherosclerosis, and Coronary Artery Disease, N Engl J Med 2005; 352:1685-1695. 

211. Inoue T, Uchida T, Yaguchi I, Sakai Y, Takayanagi K, Morooka S (2003). Stent-induced  

expression and activation of the leukocyte integrin Mac-1 is associated with neointimal  thickening 

and restenosis. Circulation 107: 1757-1763.  

212. Isner, J.M., Baumgartner, I., Rauh, G., Schainfeld, R., Blair, R., Manor, O., Razvi, S. and Symes, 

J.F. Treatment of thromboangiitis obliterans (Buerger’s disease) by intramuscular gene transfer of 

vascular endothelial growth factor: preliminary clinical results. J. Vasc. Surg. 1998; 28:964-975. 

213. Isner, J.M., Vale, P.R., Symes, J.F. and Losordo, D.W. Assessment of risks associated with 

cardiovascular gene therapy in human subjects. Circ. Res. 2001; 89:389-400. 

214. Issekutz AC, Issekutz TB (1995). Monocyte migration to arthritis in the rat utilizes both  

CD11/CD18 and very late activation antigen 4 integrin mechanisms. J Exp Med 181 (3): 1197- 

203.  

215. J. Kunz:The role of the vascular extracellular matrix and the age-related changes of arteries 

Gerontology 2002, 48: 267-278. 



161 

 

216. Jackson, L.A., Campbell, L.A. and Schmidt, R.A. Specificity of detection of Chlamydia 

pneumoniae in cardiovascular atheroma: evaluation of the innocent bystander hypothesis. Am. J. 

Pathol. 1997; 150:1785-1790. 

217. Jacobsen K, Kravitz J, Kincade PW, Osmond DG. Adhesion receptors on bone marrow stromal 

cells: in vivo expression of vascular cell adhesion molecule-1 by reticular cells and sinusoidal 

endothelium in normal and gamma-irradiated mice. Blood. 1996;87:73– 82. 

218. Jaffe, E.A., Nachman, R.L., Becker, G.C. and Minick, C.R. Culture of human endothelial cells 

derived from umbilical veins. J. Clin. Invest. 1973; 52:2745-2754. 

219. Jang Y, Lincoff AM, Plow EF, Topol EJ (1994). Cell adhesion molecules in coronary artery  

disease. J Am Coll Cardiol 24 (7): 1591-601.  

220. Jan-Olaf GebbersAtherosclerosis, cholesterol, nutrition, and statins –a critical review, GMS 

German Medical Science 2007, Vol. 5, ISSN 1612-3174. 

221. Javier Mestas, Klaus Ley, Monocyte-Endothelial Cell Interactions in the Development of 

Atherosclerosis, Trends Cardiovasc Med 2008;18:228–232. 

222. Javier Mestas, Klaus Ley, Monocyte-Endothelial Cell Interactions in the Development of 

Atherosclerosis, Trends Cardiovasc Med 2008;18:228–232. 

223. Jiang G, Valen G, Tokuno S, Thoren P, Pernow J. Endothelial dysfunction in atherosclerotic mice: 

improved relaxation by combined supplementation with L-arginine-tetrahydrobiopterin and 

enhanced vasoconstriction by endothelin. Br J Pharmacol. 2000;131:1255–1261. 

224. Joannides R, Haefeli WE, Linder L, Richard V, Bakkali EH, Thuillez C Luscher TF. Nitric oxide 

is responsible for flow-dependent dilatation of human peripheral conduit arteries in vivo. 

Circulation. 1995;91: 1314–1319. 

225. John E. Deanfield, Julian P. Halcox and Ton J. Rabelink Endothelial Function and Dysfunction: 

Testing and Clinical Relevance Circulation. 2007;115:1285-1295. 

226.  John E., Julian P., Endothelial Function and Dysfunction: Testing and Clinical Relevance; 

Circulation; 2007; 115:1285-1295; 

227. Johnson RC, Chapman SM, Dong ZM, Ordovas JM, Mayadas TN, Herz J, Hynes RO, Schaefer 

EJ, Wagner DD. Absence of P-selectin delays fatty streak formation in mice. J Clin Invest. 

1997;99:1037–1043. 

228. Jono S, McKee MD, Murry CE, et al: Phosphate regulation of vascular smooth muscle cell 

calcification. Circ Res 87: E10-E17, 2000. 

229. Jordan J, Beneke R, Hutler M, Veith A, Luft FC, Haller H (1999). Regulation of Mac-1  

(CD11b/CD18) expression on circulating granulocytes in endurance runners. Med Sci Sports  

Exerc 31: 362-367.  

230. Joyce DE, Grinnell BW (2002). Recombinant human activated protein C attenuates the 

inflammatory response in endothelium and monocytes by modulating NF-kappaB, Crit Care Med  

30: S288-293.  



162 

 

231. Julia Bauer, Martin Daniel, Sebastian SieberExpressionsinhibitor AGI-1067 zur Behandlung der 

Atherosklerose, Seminarvortrag im Rahmen der Pharmazeutischen Chemie, SS 2004. 

232. Juliano, R.L. and Haskill, S. Signal transduction from the extracellular matrix. J. Cell Biol. 1993.; 

120:577-585. 

233. Juonala M, Viikari JS, Laitinen T, Marniemi J, Helenius H, Ronnemaa T, Raitakari OT. 

Interrelations between brachial endothelial function and carotid intima-media thickness in young 

adults: the Cardiovascular Risk in Young Finns study. Circulation 2004;110:2918 –2923. 

234. Jürgen R. Braun, Thomas E. Willnow, Die „Knockout“-Maus als Krankheitsmodell, Prinzipien 

und klinische Relevanz, Deutsches Ärzteblatt 93, Heft 26, 28. Juni 1996 (35) A-1765. 

235. Kaapa, A., Peter, K. and Ylänne, J. Effects of mutations in the cytoplasmic domain integrin beta(1) 

to talin binding and cell spreading. Exp. Cell. Res. 1999; 250:524-534. 

236. Kacso IM1, Kacso G. Endothelial cell-selective adhesion molecule in diabetic nephropathy. Eur J 

Clin Invest. 2012 Nov;42(11):1227-34. doi: 10.1111/j.1365-2362.2012.02715.x. Epub 2012 Sep 8. 

237. Kansas, G.S. and Pavalko, F.M. The cytoplasmic domains of E- and Pselectin do not constitutively 

interact with -actinin and are not essential for leukocyte adhesion. J. Immunol. 1996; 157:321-325. 

238. Kansas, G.S. Selectins and their ligands: current concepts and controversies. Blood. 1996; 

88:3259-3287. 

239.  Kaplan EJ, Moon DG, Weston LK, Minnear FL, Del Vecchio PJ, Shepard JM, Fenton JW. 

Platelets adhere to thrombin-treated endothelial cells in vitro. Am J Physiol. 1989;257:H423–

H433. 

240. Kaplanski, G., Marin, V., Fabrigoule, M., Boulay, V., Benoliel, A.-M., Bongrand, P.,Kaplanski, S. 

and Farnarier, C. Thrombin-activated human endothelial cells support monocyte adhesion in vitro 

following expression of intercellular adhesion molecule-1 (ICAM-1; CD54) and vascular cell 

adhesion molecule-1 (VCAM-1; CD106). Blood. 1998; 92:1259-1267. 

241.  Kaufmann BA, Sanders JM, Davis C, Xie A, Aldred P, Sarembock IJ, Lindner JR. Molecular 

imaging of inflammation in atherosclerosis with targeted ultrasound detection of vascular cell 

adhesion molecule-1. Circulation. 2007;116:276 –284. 

242. Keith M. Channon, HuSheng Qian, Scot A. Youngblood, Ercument Olmez, Geetha A. Shetty, 

Valentina Neplioueva, Michael A. Blazing, Samuel E. GeorgeAcute Host-Mediated Endothelial 

Injury After Adenoviral Gene Transfer in Normal Rabbit Arteries Impact on Transgene Expression 

and Endothelial Function, Circ Res. 1998;82:1253-1262. 

243. Khan BV, Parthasarathy SS, Alexander RW, Medford RM. Modified low density lipoprotein and 

its constituents augment cytokine-activated vascular cell adhesion molecule-1 gene expression in 

human vascular endothelial cells. J Clin Invest. 1995;95:1262–1270. 

244. Khan JA, Cao M, Kang BY, Liu Y, Mehta JL, Hermonat PL. Systemic human Netrin-1 gene 

delivery by adeno-associated virus type 8 alters leukocyte accumulation and atherogenesis in vivo. 

Gene Ther 2011;18:437-44. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kacso%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=22957687
http://www.ncbi.nlm.nih.gov/pubmed?term=Kacso%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22957687
http://www.ncbi.nlm.nih.gov/pubmed/22957687
http://www.ncbi.nlm.nih.gov/pubmed/22957687


163 

 

245. Kienzle, G. and Kempis, J. Vascular cell adhesion molecule 1 (CD106) on primary human 

articular chondrocytes: functional regulation of expression by cytokines and comparison with 

intercellular adhesion molecule 1 (CD54) and very late activation antigen 2. Arthritis Rheum. 

1998; 41:1296-1305. 

246. Kirchhofer, D., M.A. Riederer, and H.R. Baumgartner, Specific accumulation of circulating 

monocytes and polymorphonuclear leukocytes on platelet thrombi in a vascular injury model. 

Blood, 1997. 89(4): p. 1270-8.  

247. Kishimoto, A., Nishiyama, K., Nakanishi, H., Uratsuji, Y., Nomura, H., Takeyama, Y. and 

Nishizuka, Y. Studies on the phosphorylation of myelin basic protein by protein kinase C and 

adenosine 3‘:5‘-monophosphate-dependent protein kinase. J.Biol. Chem. 1985; 260:12492-12499. 

248. Kitayama, J., et al., The C-C chemokine receptor CCR3 participates in stimulation of eosinophil 

arrest on inflammatory endothelium in shear flow. J Clin Invest, 1998. 101(9): p. 2017-24.  

249. Klebba, AJ. Mortality From Diseases Associated With Smoking: United States, 1960-77. 

Hyattsville, MD: National Center for Health Statistics;1982. Vital and Health Statistics, Series 20, 

No. 17. Available at: http://www.cdc.gov/nchs/data/series/sr_20/sr20_017.pdf. 

250. Knowles, M.R., Hohneker, K.W., Shou, Z., Olsen, J.C., Noah, T.L., Hu, P.-C., Leigh, M.W., 

Engelhardt, J.F., Edwards, L.J., Jones, K.R., Grossman, M., Wilson, J.M., Johnson, L.G. and 

Boucher, R.C. A controlled study of adenoviralvector- mediated gene transfer in the nasal 

epithelium of patients with cystic fibrosis. N. Engl. J. Med. 1995; 333:823-831. 

251. Ko, S.C., Gotoh, A., Thalmann, G.N., Zhau, H.E., Johnston, D.A., Zhang, W.W., Kao, C. and 

Chung, L.W. Molecular therapy with recombinant p53 adenovirus in an androgen-independent, 

metastatic human prostate cancer model. Hum. Gene Ther. 1996; 7:1683-1691. 

252. Koch, A.E., Halloran, M.M., Haskell, C.J., Shah, M.R. and Polverini, P.J. Angiogenesis mediated 

by soluble forms of E-selectin and vascular cell adhesion molecule-1. Nature. 1995; 376:517-519. 

253.  Kojima H, Kanada H, Shimizu S, Kasama E, Shibuya K, Nakauchi H, Nagasawa T, Shibuya A. 

CD226 mediates platelet and megakaryocytic cell adhesion to vascular endothelial cells. J Biol 

Chem. 2003;278: 36748–36753.  

254.  Koni PA, Joshi SK, Temann UA, Olson D, Burkly L, Flavell RA. Conditional vascular cell 

adhesion molecule 1 deletion in mice: impaired lymphocyte migration to bone marrow. J Exp 

Med. 2001;193:741–754. 

255. Koni, P.A., et al. 2001. Conditional vascular cell adhesion molecule 1 deletion in mice. impaired 

lymphocyte migration to bone marrow. J. Exp. Med. 193:741–754. 

256. Koopman, G., Parmentier, H.K., Schuurman, H.J., Newman, W., Meijer, C.J. and Pals, S.T. 

Adhesion of human B cells to follicular dendritic cells involves both the lymphocyte function-

associated antigen 1/intercellular adhesion molecule 1 and very late antigen 4/vascular cell 

adhesion molecule 1 pathways. J. Exp. Med. 1991; 173:1297-1304. 

http://www.cdc.gov/nchs/data/series/sr_20/sr20_017.pdf


164 

 

257. Kratzer E1, Tian Y, Sarich N, Wu T, Meliton A, Leff A, Birukova AA.Oxidative stress contributes 

to lung injury and barrier dysfunction via microtubule destabilization. Am J Respir Cell Mol 

Biol. 2012 Nov;47(5):688-97. doi: 10.1165/rcmb.2012-0161OC. Epub 2012 Jul 27. 

258.  Kritchevsky D, Davidson LM, Kim HK, et al. Influence of semi-purified diets on atherosclerosis 

in African green monkeys. Exp Mol Pathol 1977; 26:28–51. 

259. Kritchevsky D. Diet and atherosclerosis. Am J Pathol 1976; 84: 615–632. 

260. Kubes P, Reinhardt PH (1998). Differential leukocyte recruitment from whole blood via  

endothelial adhesion molecukes under shear conditions. Blood 92 (12): 4691-99.  

261.  Kuhlencordt PJ, Chen J, Han F, Astern J, Huang PL. Genetic deficiency of inducible nitric oxide 

synthase reduces atherosclerosis and lowers plasma lipid peroxides in apolipoprotein E knockout 

mice. Circulation. 2001;103:3099–3104. 

262. Kuijper PH, Gallardo Torres HI, Lammers JW, Sixma JJ, Koenderman L, Zwaginga JJ (1997).  

Platelet and fibrin deposition at the damaged vessel wall: cooperative substrates for neutrophil  

adhesion under flow conditions. Blood 89 (1): 166-75.  

263. Kukreti, S., et al., Molecular mechanisms of monocyte adhesion to interleukin-1beta- stimulated 

endothelial cells under physiologic flow conditions. Blood, 1997. 89(11): p. 4104-11.  

264. Kullo, I.J., Gau, G.T. and Tajik, A.J. Novel risk factors for atherosclerosis. J. Clin. Invest. 

2000;102:145-152. 

265. Kwee, L., Baldwin, H.S., Shen, H.M., Stewart, C.L., Buck, C., Buck, C.A. and Labow, M.A. 

Defective development of the embryonic and extraembryonic circulatory systems in vascular cell 

adhesion molecule (VCAM-1) deficient mice. Development. 1995; 121:489-503. 

266. Lalor P, Nash GB. Adhesion of leukocytes to immobilised platelets. Br J Haematol. 1995;89:725–

732. 

267. Landry, D.B., Couper, L., Bryant, S.R. and Linder, V. Activation of the NK-B and IB system in 

smooth muscle cells after rat arterial injury: induction of vascular cell adhesion molecule-1 and 

monocyte chemoattractant protein-1. Am. J. Pathol. 1997; 151:1085-1095. 

268. Lang D, Smith JA, Lewis MJ. Induction of a calcium-independent NO synthase by 

hypercholesterolaemia in the rabbit. Br J Pharmacol. 1993; 108:290–292. 

269. Languino LR, Plescia J, Duperray A, Brian AA, Plow EF, Geltosky JE, Altieri DC (1993). 

Fibrinogen mediates leukocyte adhesion to vascular endothelium through an ICAM-1-dependent 

pathway. Cell 73 (7): 1423-34.  

270. Languino, L.R., Duperray, A., Joganic, K.J., Fornaro, M., Thornton, G.B. and Altieri, D.C. 

Regulation of leukocyte-endothelium interaction and leukocyte transendothelial migration by 

intercellular adhesion molecule 1-fibrinogen recognition. Proc. Natl. Acad. Sci. USA. 1995; 

92:1505-1509. 

271. Lau, S.K., Adhäsionsmoleküle auf zirkulierenden humanen Monozyten bei essentieller 

Hypertonie, Dissertation,Universitätsmedizin Berlin;2004. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kratzer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22842495
http://www.ncbi.nlm.nih.gov/pubmed?term=Tian%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22842495
http://www.ncbi.nlm.nih.gov/pubmed?term=Sarich%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22842495
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22842495
http://www.ncbi.nlm.nih.gov/pubmed?term=Meliton%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22842495
http://www.ncbi.nlm.nih.gov/pubmed?term=Leff%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22842495
http://www.ncbi.nlm.nih.gov/pubmed?term=Birukova%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=22842495
http://www.ncbi.nlm.nih.gov/pubmed/22842495
http://www.ncbi.nlm.nih.gov/pubmed/22842495


165 

 

272. Lawrence MB, Smith CW, Eskin SG, McIntire LV (1990). Effect of venous shear stress on  CD18-

mediated neutrophil adhesion to cultured endothelium. Blood 75 (1): 227-37.  

273. Lawrence, M.B. and Springer, T.A. Neutrophils roll on E-selectin. J. Immunol. 1991; 151:6338-

6346. 

274. Lawrence, M.B. and T.A. Springer, Leukocytes roll on a selectin at physiologic flow rates: 

distinction from and prerequisite for adhesion through integrins. Cell, 1991. 65(5): p. 859- 73.  

275. Lee, Y.S. Hemmung der Zelladhäsion durch Inhibition der Zytoskelettverankerung von 

Adhäsionsmolekülen mittels Gentransfer. Dissertation, Ruprecht- Karls-Universität Heidelberg; 

1997. 

276. Leuker CE, Labow M, Muller W, Wagner N. Neonatally induced inactivation of the vascular cell 

adhesion molecule 1 gene impairs B cell localization and T cell-dependent humoral immune 

response. J Exp Med. 2001;193:755–768. 

277. Leukocyte rolling and extravasation are severely compromised in P selectin-deficient mice. Cell 

74 (3): 541-54. 

278. Levesque JP, Takamatsu Y, Nilsson SK, Haylock DN, Simmons PJ. Vascular cell adhesion 

molecule-1 (CD106) is cleaved by neutrophil proteases in the bone marrow following 

hematopoietic progenitor cell mobilization by granulocyte colony-stimulating factor. Blood. 

2001;98: 1289–1297. 

279. Li H, Cybulsky MI, Gimbrone MA Jr, Libby P. An atherogenic diet rapidly induces VCAM-1, a 

cytokine-regulatable mononuclear leukocyte adhesion molecule, in rabbit aortic endothelium. 

Arterioscler Thromb. 1993;13:197–204. 

280. Li JM, Podolsky RS, Rohrer MJ, Cutler BS, Massie MT, Barnard MR, Michelson AD. Adhesion 

of activated platelets to venous endothelial cells is mediated via GPIIb/IIIa. J Surg Res. 

1996;61:543–548. 

281. Li, H., Cybulsky, M., Gimbrone, M.A., Jr. and Libby, P. Inducible expression of vascular cell 

adhesion molecule-1 by vascular smooth muscle cells in vitro and within rabbit atheroma. Am. J. 

Pathol. 1993; 143:1551-1559. 

282. Libby P., Theroux P., Pathophysiology of coronary artery disease; Circulation; 2005; 

111(25):3481-8; 

283. Libby, P. and Ross, R. Cytokines and growth regulatory molecules. In: Atherosclerosis and 

coronary artery disease (ed. by Fuster, V., Ross, R. & Topol, E.J.), Vol.1, Lippincott-Raven, 

Philadelphia. 1996; pp. 585-594. 

284. Libby, P., Egan, D. and Skarlatos, S. Roles of infectious agents in atherosclerosis and restenosis: 

an assessment of the evidence and need for future research. Circulation. 1997; 96:4095-4103. 

285. Lieberman EH, Gerhard MD, Uehata A, Walsh BW, Selwyn AP, Ganz P, Yeung AC, Creager 

MA. Estrogen improves endothelium-dependent, flow-mediated vasodilation in postmenopausal 

women. Ann Intern Med. 1994;121:936 –941. 



166 

 

286. Lim LH (2000). Clucocorticoid receptor activation reduces CD11b and CD49d Levels on murine  

eosinophils. Am I Respir Cell Mol Biol 22: 693-701.  

287. Lo, S.K., Golenbock, D.T., Sass, P.M., Maskati, A., Xu, H. and Silverstein, R.L. Engagement of 

the Lewis X antigen (CD15) results in monocyte activation. Blood. 1997; 89:307-314. 

288. Lorenzon, P., Vecile, E., Nardon, E., Ferrero, E., Harlan, J.M., Tedesco, F. and Dobrina, A. 

Endothelial cell E- and P-selectin and vascular cell adhesion molecule-1 function as signaling 

receptors. J. Cell Biol. 1998;142:1381-1391. 

289. Losordo, D.W., Vale, P.R., Symes, J., Dunnington, C., Esakof, D., Maysky, M., Ashare, A., Lathi, 

K. and Isner, J.M. Gene therapy for myocardial angiogenesis: initial clinical results with direct 

myocardial injection of phVEGF165 as sole therapy for myocardial ischemia. Circulation. 1998; 

98:2800-2804. 

290. Lu, B., et al., Abnormalities in monocyte recruitment and cytokine expression in monocyte 

chemoattractant protein 1-deficient mice. J Exp Med, 1998. 187(4): p. 601-8. 

291. Luo BH, Carman CV, Springer TA: 2007. Structural basis of integrin regulation and signaling. 

Annu Rev Immunol 25: 619–647. 

292. Luscinskas FW, Kansas GS, Ding H, et al: 1994. Monocyte rolling, arrest and spreading on IL-4–

activated vascular endothelium under flow is mediated via sequential action of L-selectin, beta 1-

integrins, and beta 2- integrins. J Cell Biol 125:1417–1427. 

293. Luscinskas, F.W., Ding, H., Tan, P., Cumming, D., Tedder, T.F. and Gerritsen, M.E. L- and P-

selectins, but not CD49d (VLA-4) integrins, mediate monocyte initial attachment to TNF- -

activated vascular endothelium under flow in vitro. J. Immunol. 1996; 157:326-335. 

294. Luscinskas, F.W., et al., L- and P-selectins, but not CD49d (VLA-4) integrins, mediate monocyte 

initial attachment to TNF-alpha-activated vascular endothelium under flow in vitro. J Immunol, 

1996. 157(1): p. 326-35. 

295. Ma YQ, Plow EF, Geng JG: 2004. P-selectin binding to P-selectin glycoprotein ligand-1 induces 

an intermediate state of alphaMbeta2 activation and acts cooperatively with extracellular stimuli to 

support maximal adhesion of human neutrophils. Blood 104: 2549–2556. 

296. Machelska, H., Cabot, P.J., Mousa, S.A., Zhang, Q. and Stein, C. Pain control in inflammation 

governed by selectins. Nature Med. 1998; 4:1425-1428. 

297. Makgoba, M.W., Sanders, M.E., Ginther Luce, G.E., Gugel, E.A., Dustin, M.L., Springer, T.A., 

Clark, E.A., Mannoni, P. and Shaw, S. ICAM-1 is a ligand for LFA-1 dependent adhesion of B, T 

and myeloid cells. Nature. 1988; 31:86-88. 

298. Mammarino E., Pirro M., Endothealial Injury and Repair: A Novel Theory for 

Atherosclerosis;Angiology; 2008; 69S-72S;  

299. Manka, D.R., et al. 1999. Arterial injury increases expression of inflammatory adhesion molecules 

in the carotid arteries of apolipoprotein-E-deficient mice. J. Vasc. Res. 36:372–378. 



167 

 

300. Mann, M.J., Whittemore, A.D., Donaldson, M.C., Belkin, M., Conte, M.S., Polak, J.F., Orav, E.J., 

Ehsan, A., Dell’Acqua, C. and Dzau, V.J. Ex-vivo gene therapy of human vascular bypass grafts 

with E2F decoy: the PREVENT singlecentre, randomised controlled trial. Lancet. 1999; 354:1493-

1498. 

301. Marchese, P., E. Saldivar, J. Ware, and Z.M. Ruggeri. 1999. Adhesive properties of the isolated 

amino-terminal domain of platelet glycoprotein Ibalpha in a flow field. Proc. Natl. Acad. Sci. 

USA. 96:7837–7842. 

302. Marlin, S.D. and Springer, T.A. Purified intercellular cell adhesion molecule- 1 (ICAM-1) is a 

ligand for lymphocyte function-associated antigen 1 (LFA-1). Cell. 1987; 51:813-819. 

303. Marta Michalska, Lina Machtoub, Helga D. Manthey, Elisabeth Bauer, Volker Herold, Georg 

Krohne, Gunthard Lykowsky, Markus Hildenbrand, Thomas Kampf, Peter Jakob, Alma Zernecke 

and Wolfgang R. BauerVisualization of Vascular Inflammation in the Atherosclerotic Mouse by 

Ultrasmall Superparamagnetic Iron Oxide Vascular Cell Adhesion Molecule-1Specific 

Nanoparticles, Arterioscler Thromb Vasc Biol. 2012;32:2350-2357;  

304. Masinovsky, B., Urdal, D. and Gallatin, W.M. IL-4 acts synergistically with IL-1 beta to promote 

lymphocyte adhesion to microvascular endothelium by induction of vascular cell adhesion 

molecule-1. J. Immunol. 1990; 145:2886-2895. 

305. Matheny, H.E., Deem, T.L. and Cook-Mills, J.M. Lymphocyte migration through monolayers of 

endothelial cell lines involves VCAM-1 signaling via endothelial cell NADPH oxidase. J 

Immunol. 2000;164:6550-6559. 

306. May AE, Neumann FJ, Gawaz M, Ott I, Walter H, Schomig A (1997). Reduction of 

monocyteplatelet interaction and monocyte activation in patients receiving antiplatelet therapy 

after coronary stent implantation. Eur Heart J 18: 1913-1920.  

307. Mayadas TN, Johnson RC, Rayburn H, Hynes RO, Wagner DD (1993). Leukocyte rolling and  

308. Mazo, I.B., Gutierrez-Ramos, J.C., Frenette, P.S., Hynes, R.O., Wagner, D.D. and von Andrian, 

U.H. Hematopoietic progenitor cell rolling in bone marrow microvessels: parallel contributions by 

endothelial selectins and vascular cell adhesion molecule 1. J. Exp. Med. 1998; 188:465-474. 

309. McGill HC Jr. Persistent problems in the pathology of atherosclerosis. Arteriosclerosis 1984; 

4:443– 451. 

310. Meddell, J.R., Kissel., J.T., Amato, A.A., King, W., Signore, L., Prior, T.W., Sahenk, Z., Benson, 

S., McAndrew, P.E., Rice, R., Nagaraja, H., Stephens, R., Lantry, L., Morris, G.E. and Burghes, 

A.H.M. Myoblast transfer in the treatment of Duchenne’s muscular dystrophy. N. Engl. J. Med. 

1995; 333:832-838. 

311. Meerschaert, J. and Furie, M.B. Monocytes use either CD11/CD18 or VLA-4 to migrate across 

human endothelium in vitro. J. Immunol. 1994; 152:1915-1926. 



168 

 

312. Mesri M, Plescia J, Altieri DC (1998). Dual regulation of ligand binding by CD11b I domain.  

Inhibition of intercellular adhesion and monocyte procoagulant activity by a factor X-derived  

peptide. J Biol Chem 273 (2): 744-8. 

313. Messner B., Bernard D., Smoking and Cardiovascular Disease: Mechanisms of Endothelial 

Dysfunction and early atherogenesis; ATheroscler Thromb Vasc Biol, 2014; 509-15;  

314. Mestas J1, Ley K.Monocyte-endothelial cell interactions in the development of atherosclerosis. 

Trends Cardiovasc Med. 2008 Aug;18(6):228-32. doi: 10.1016/j.tcm.2008.11.004. 

metalloproteinase-1 reduces atherosclerotic lesions in apolipoprotein E-deficient mice. 

Circulation. 1999;100(5):533–540.  

315. Miyake, K., Medina, K., Ishihara, K., Kimoto, M., Auerback, R. and Kincade, P.W. VCAM-1-like 

adhesion molecule on bone marrow stromal cells mediates binding of lymphocyte precursors in 

culture. J. Cell Biol. 1991; 114:557-565. 

316. Morishita, R., Sugimoto, T., Aoki, M., Kida, I., Tomita, N., Moriguchi, A., Maeda, K., Sawa, Y., 

Kaneda, Y., Higaki, J. and Ogihara, T. In vivo transfection of cis element „decoy“ against nuclear 

factor-kappaB binding site prevents myocardial infarction. Nat. Med. 1997; 3:894-899. 

317.  Morris SM, Billiar TR. New insights into the regulation of inducible nitric oxide synthesis. Am J 

Physiol. 1994;266:E829–E839. 

318. Mould, A.P., Askari, J.A., Craig, S.E., Garratt, A.N., Clements, J. and Humphries, M.J. Integrin-

mediated melanoma cell adhesion and migration on vascular cell adhesion molecule-1 (VCAM-1) 

and the alternatively spliced CS region of fibronectin. J. Biol. Chem. 1994; 269:27224-27230. 

319. Munro, J.M. and R.S. Cotran, The pathogenesis of atherosclerosis: atherogenesis and 

inflammation. Lab Invest, 1988. 58(3): p. 249-61.  

320. Murata T., Hori, M., Lee,S., Nakamura, A., Kohama, K., Karaki,H., Ozaki, H., Vascular 

Endothelium Has a Local Anti-Adenovirus Vector System and Glucocorticoid Optimizes Its Gene 

Transduction. Arterioscler Thromb Vasc Biol. 2005;25:1796-1803. 

321. Murata T., Hori, M., Lee,S., Nakamura, A., Kohama, K., Karaki,H., Ozaki, H., Vascular 

Endothelium Has a Local Anti-Adenovirus Vector System and Glucocorticoid Optimizes Its Gene 

Transduction. Arterioscler Thromb Vasc Biol. 2005;25:1796-1803. 

322. Murohara T, Asahara T, Silver M, Bauters C, Masuda H, Kalka C, Kearney M, Chen D, Symes JF, 

Fishman MC, Huang PL, Isner JM. Nitric oxide synthase modulates angiogenesis in response to 

tissue ischemia. J Clin Invest. 1998;101:2567–2578. 

323. Nagata, K. et al.: Effects of blockade of the renin – agingiotensin system on tissue factor and 

plasminogen activator-1 synthesis in human cultured monocytes. J Hypertens 2001; 19: 776-789. 

324. Nageh, M.F., et al. 1997. Deficiency of inflammatory cell adhesion molecules protects against 

atherosclerosis in mice. Arterioscler. Thromb. Vasc. Biol. 17:1517–1520. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Mestas%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19185814
http://www.ncbi.nlm.nih.gov/pubmed?term=Ley%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19185814
http://www.ncbi.nlm.nih.gov/pubmed/19185814


169 

 

325. Nahrendorf M, Jaffer FA, Kelly KA, Sosnovik DE, Aikawa E, Libby P, Weissleder R. 

Noninvasive vascular cell adhesion molecule-1 imaging identifies inflammatory activation of cells 

in atherosclerosis. Circulation. 2006;114:1504 –1511. 

326. Nahrendorf M, Keliher E, Panizzi P, Zhang H, Hembrador S, Figueiredo JL, Aikawa E, Kelly K, 

Libby P, Weissleder R. 18F-4V for PET-CT imaging of VCAM-1 expression in atherosclerosis. J 

Am Coll Cardiol Cardiovasc Imaging. 2009;2:1213–1222. 

327. Nakashima, Y., Raines, E.W., Plump, A.S., Breslow, J.L. and Ross, R. Upregulation of VCAM-1 

and ICAM-1 at atherosclerosis-prone sites on the endothelium in the ApoE-deficient mouse. 

Arterioscler. Thromb. Vasc. Biol. 1998; 18:842-851. 

328. Nandalur KR, Baskurt E, Hagspiel KD, Phillips CD and Kramer CM: Calcified carotid 

atherosclerotic plaque is associated less with ischemic symptoms than is noncalcified plaque on 

MDCT. AJR Am J Roentgenol 184: 295-298, 2005. 

329. Nathan C. Nitric oxide as a secretory product of mammalian cells. FASEB J. 1992;6:3051–3064. 

330. National Center for Health Statistics. Data Warehouse, Mortality Tables. Available at: 

http://www.cdc.gov/nchs/datawh/statab/unpubd/mortabs.htm. 

331. National Center for Health Statistics. Health, United States, 2010. Hyattsville, MD: National 

Center for Health Statistics; 2011. Available at: http://www.cdc.gov/nchs/hus.htm. 

332. National Cholesterol Education Program. Second report of the Expert Panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II). 

Bethesda, Md.: National Heart, Lung, and Blood Institute, 1993. (NIH publication no. 93-3095.) 

333. National Heart, Lung, and Blood Institute. Incidence and Prevalence: 2006 Chart Book on 

Cardiovascular and Lung Diseases. Bethesda, MD: National Institutes of Health; 2006. 

334. National Heart, Lung, and Blood Institute. Unpublished Tabulations of National Health Interview 

Survey, 1965-2010. Available at: http://www.cdc.gov/nchs/nhis/nhis_questionnaires.htm. 

335. National Heart, Lung, and Blood Institute. Unpublished Tabulations of National Vital Statistics 

System Mortality Data, 2008. Available at: http://www.cdc.gov/nchs/nvss/mortality_public_use_ 

data.htm. 

336. Nehler, M.R., Taylor, L.M., Jr. and Porter, J.M. Homocysteinemia as a risk factor for 

atherosclerosis: a review. Cardiovasc. Surg. 1997; 6:559-567. 

337. Neish, A.S., Williams, A.J., Palmer, H.J., Whitley, M.Z. and Collins, T. Functional analysis of the 

human vascular adhesion molecule 1 promoter. J. Exp. Med. 1992;176:1583-1593. 

338. Neumann, E., Schaeffer-Ridder, M., Wang, Y. and Hofschneider, P.H. Gene transfer into mouse 

myeloma cells by electroporation in high electric fields. EMBO J. 1982; 1:841-845. 

339. Neumann, F.J., Zohlnhofer D. et al.: Effect of Glykoprotein IIb/IIIa receptor blockade on platelet-

leukocyte interaction and surface expression of the leukocyte integrin MAC-1 in acute myocardial 

infarction, J Am Coll Cardiol 1999; 34 (5):1420-1426. 

http://www.cdc.gov/nchs/hus.htm
http://www.cdc.gov/nchs/nhis/nhis_questionnaires.htm
http://www.cdc.gov/nchs/nvss/mortality_public_use_


170 

 

340. Nickening, G. , Böhm, M. et al.: Bedeutung des Angiotensin-II-Rezeptors AT1 für die Entstehung 

von arterieller Hypertonie und Arteriosklerose. Dtsch. med. Wschr. 1997; 122: 1009- 1013. 

341. Nicole Daum & Claus-Michael Lehr , Grundlagen der tierischen Zellkultur, Grundpraktikum, WS 

2006/07. 

342. Nizamutdinova IT1, Kim YM, Jin H, Son KH, Lee JH, Chang KC, Kim HJ. Tanshinone IIA 

inhibits TNF-α-mediated induction of VCAM-1 but not ICAM-1 through the regulation of GATA-

6 and IRF-1. Int Immunopharmacol. 2012;14(4):650-7.  

343. Nohria A, Gerhard-Herman M, Creager MA, Hurley S, Mitra D, Ganz P. Role of nitric oxide in 

the regulation of digital pulse volume amplitude in humans. J Appl Physiol. 2006;101:545–548. 

344. O. Dwir, A. Solomon, S. Mangan, G. S. Kansas, U. S. Schwarz and R. Alon Avidity enhancement 

of L-selectin bonds by flow: shear-promoted rotation of leukocytes turn labile bonds into 

functional tethers. J. Cell. Biol. 2003; 163: 649-59.  

345. O. Dwir, A. Solomon, S. Mangan, G. S. Kansas, U. S. Schwarz and R. Alon Avidity  enhancement 

of L-selectin bonds by flow: shear-promoted rotation of leukocytes turn labile bonds into 

functional tethers J. Cell. Biol. 163: 649-59, November 10, 2003. 

346. O’Brien, K.D., McDonald, T.O., Chait, A., Allen, M.D. and Alpers, C.E. Neovascular expression 

of E-selectin, intercellular adhesion molecule-1, and vascular cell adhesion molecule-1 in human 

atherosclerosis and their relation to intimal leukocyte content. Circulation. 1996; 93:672-682. 

347. O’Toole, T.E., Loftus, J.C., Du, X.P., Glass, A.A., Ruggeri, Z.M., Shattil, S.J., Plow, E.F. and 

Ginsberg, M.H. Affinity modulation of the alpha b beta 3 integrin (platelet GPb-a) is an intrinsic 

property of the receptor. Cell Regul. 1990; 1:883-893. 

348. Ockenhouse, C.F., Betageri, R., Springer, T.A. and Staunton, D.E. Plasmodium falciparum-

infected erythrocytes bind ICAM-1 at a site distinct from LFA-1, Mac-1, and human rhinovirus. 

Cell. 1992; 68:63-69. 

349. Ockenhouse, C.F., Tegoshi, T., Maeno, Y., Benjamin, C., Ho, M., Kan, K.E., Thway, Y., Win, K., 

Aikawa, M. and Lobb, R.R. Human vascular endothelial cell adhesion receptors for Plasmodium 

falciparum-infected erythrocytes: roles for endothelial leukocyte adhesion molecule 1 and vascular 

cell adhesion molecule 1. J. Exp. Med. 1992; 176:1183-1189. 

350. Oguchi, S., Dimayuga, P., Zhu, J., Chyu, K.-Y., Yano, J., Shah, P.K., Nilsson, J. and Cercek, B. 

Monoclonal antibody against vascular cell adhesion molecule-1 inhibits neointimal formation after 

periadventitial carotid artery injury in genetically hypercholesterolemic mice. Arterioscler. 

Thromb. Vasc. Biol. 2000; 20:1729- 1736. 

351. Oguchi, S., et al. 2000. Monoclonal antibody against vascular cell adhesion molecule-1 inhibits 

neointimal formation after periadventitial carotid artery injury in genetically hypercholesterolemic 

mice. Arterioscler. Thromb. Vasc. Biol. 20:1729–1736. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Nizamutdinova%20IT%5BAuthor%5D&cauthor=true&cauthor_uid=23085565
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=23085565
http://www.ncbi.nlm.nih.gov/pubmed?term=Jin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23085565
http://www.ncbi.nlm.nih.gov/pubmed?term=Son%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=23085565
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=23085565
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=23085565
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=23085565
http://www.ncbi.nlm.nih.gov/pubmed/23085565


171 

 

352. Oguchi, S., et al. 2000. Monoclonal antibody against vascular cell adhesion molecule-1 inhibits 

neointimal formation after periadventitial carotid artery injury in genetically hypercholesterolemic 

mice. Arterioscler. Thromb. Vasc. Biol. 20:1729–1736. 

353. Onoue H, Tsutsui M, Smith LA, O’Brien T, Katusic ZS. Expression and function of recombinant 

endothelial nitric oxide synthase gene in canine basilar artery after experimental subarachnoid 

hemorrhage. Stroke. 1998; 29:1959–1966. 

354. Op den Buijs J, Musters M, Verrips T, Post JA, Braam B, Van Riel N. Mathematical modeling of 

vascular endothelial layer maintenance: the role of endothelial cell division, progenitor cell 

homing and telomere shortening. Am J Physiol Heart Circ Physiol. 2004;287:H2651–H2658. 

355. Osborn, L., et al. 1989. Direct expression cloning of vascular cell adhesion molecule 1, a 

cytokineinduced endothelial protein that binds to lymphocytes. Cell. 59:1203–1211. 

356. Osborn, L., Hession, C., Tizard, R., Vassallo, C., Luhowskyj, S., Chi-Rosso, G., and Lobb, R. 

Direct expression cloning of vascular cell adhesion molecule 1, a cytokine-induced endothelial 

protein that binds to lymphocytes. Cell. 1989; 59:1203- 1211. 

357. Osborn, L., Vassallo, C. and Benjamin, C.D. Activated endothelium binds lymphocytes through a 

novel binding site in the alternately spliced domain of vascular cell adhesion molecule-1. J. Exp. 

Med. 1992; 176:99-107. 

358. Osborn, L., Vassallo, C., Browning, B.G., Tizard, R., Haskard, D.O., Benjamin, C.D., Dougas, I. 

and Kirchhausen, T. Arrangement of domains, and amino acid residues required for binding of 

vascular cell adhesion molecule-1 to its counter-receptor VLA-4 (alpha 4 beta 1). J. Cell Biol. 

1994;124:601-608. 

359. Pamukcu B., Lip GY., The role of monocytes in atherosclerotic coronary artery disease; Ann Med. 

2010; 42(6): 394-403; 

360. Park JG, Ryu SY, Jung IH, Lee YH, Kang KJ, Lee MR, Lee MN, Sonn SK, Lee JH, Lee H, Oh 

GT, Moon K, Shim H. Evaluation of VCAM-1 antibodies as therapeutic agent 

for atherosclerosis in apolipoprotein E-deficient mice,Atherosclerosis. 2013 Feb;226(2):356-63.  

361. Park YI, Rempel WE, Boylan WJ, et al. Comparative growth curves of miniature and conventional 

pigs. Genetics 1976; 83:557 

362. Parks, W.M., Gingrich, R.D., Dahle, C.E. and Hoak, J.C. Identification and characterization of an 

endothelial, cell-specific antigen with a monoclonal antibody. Blood. 1985; 66:816-823. 

363. Patel, S.S., Thiagarajan, R., Willerson, J.T., and Yeh, E.T.H. 1998. Inhibition of α4 integrin and 

ICAM-1 markedly attenuate macrophage homing to atherosclerotic plaques in apoE-deficient 

mice. Circulation. 97:75–81. 

364. Patel, S.S., Thiagarajan, R., Willerson, J.T., and Yeh, E.T.H. 1998. Inhibition of α4 integrin and 

ICAM-1 markedly attenuate macrophage homing to atherosclerotic plaques in apoE-deficient 

mice. Circulation. 97:75–81. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Ryu%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Jung%20IH%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Kang%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Sonn%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Oh%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Oh%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Moon%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed?term=Shim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23245509
http://www.ncbi.nlm.nih.gov/pubmed/23245509


172 

 

365. Pavalko, F.M. and Otey, C.A. Role of adhesion molecule cytoplasmic domains in mediating 

interactions with the cytoskeleton. Proc. Soc. Exp. Biol. Med. 1997; 205 :282-293. 

366. Peter, K. and O’Toole, T.E. Modulation of cell adhesion by changes in L2 (LFA-1, CD11a/CD18) 

cytoplasmic domain/cytoskeleton interaction. J. Exp. Med. 1995; 181:315-326. 

367. Peter, K., Weirich, U., Nordt, T., Ruef, J. and Bode, C. Soluble vascular cell adhesion molecule-1 

(VCAM-1) as a potential marker of atherosclerosis. Thromb. Hemost. 1999; 82:38-43. 

368. Pigott, R., Dillon, L.P., Hemingway, I.H. and Gearing, A.J. Soluble forms of E-selectin, ICAM-1 

and VCAM-1 are present in the supernatants of cytokine activated cultured endothelial cells. 

Biochem. Biophys. Res. Commun. 1992; 187:584- 589. 

369. Plescia J, Altieri DC , Plow EF (1993). The structural motif glycine 190-valine 202 of the 

fibrinogen gamma chain interacts with CD11b/CD18 integrin (alpha M beta 2, Mac-1) and 

promotes leukocyte adhesion. J Biol Chem 268 (3): 1847-53.  

370. Plescia, J., Conte, M.S. et al.: Molecular identification of the cross-reacting epitope on αMβ2 

Integrin I Domain recognized bei the Anti-αIIbβ3 monoclonal antibody 7E3 and its involvement 

in leucocyte adherence. J of Biological Chemistry 1998, 273(32): 20372-20377. 

371. Porter, J.C. and Hogg, N. Integrin cross talk: activation of lymphocyte function-associated antigen-

1 on human T cells alters 41- and 51-mediated Function. J. Cell Biol. 1997; 138:1437-1447. 

372. Postigo, A.A., Teixidó, J. and Sánchez-Madrid, F. The 41/VCAM-1 adhesion pathway in 

physiology and disease. Res. Immunol. 1993; 144:723-735. 

373. Potter, D. D., Sobey C.G. et al.: Evidence that macrophages in atherosclerotic lesions contain 

Angiotensin II. Circulation 1998; 98: 800-807. 

374. Potter, H. Electroporation in biology: methods, application and instrumentation. Anal. Biochem. 

1988;174:361-373. 

375. Poussin C., Gallitz I., Schlage WK., Steffen Y., Stolle K., Lebrun S., Hoeng J., Peitsch MC., Lietz 

M. Mechanism of an indirect effect of aqueous cigarette smoke extract on the adhesion of 

monocytic cells to endothelial cells in an in vitro assay revealed by transcriptomics analysis. oxicol 

In Vitro. 2014; pii: S0887-2333. 

376. Powell-Braxton, L., et al. 1998. A mouse model of human familial hypercholesterolemia: 

markedly elevated low density lipoprotein cholesterol levels and severe atherosclerosis on a low-

fat chow diet. Nat. Med. 4:934–938. 

377. Prabhakaran S, Singh R, Zhou X, Ramas R, Sacco RL and Rundek T: Presence of calcified carotid 

plaque predicts vascular events: the Northern Manhattan Study. Atherosclerosis 195: e197-e201, 

2007. 

378. Proudfoot D, Skepper JN, Hegyi L, Bennett MR, Shanahan CM and Weissberg PL: Apoptosis 

regulates human vascular calcification in vitro: evidence for initiation of vascular calcification by 

apoptotic bodies. Circ Res 87: 1055-1062, 2000. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Poussin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallitz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Schlage%20WK%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Steffen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Stolle%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Lebrun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Hoeng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Peitsch%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Lietz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed?term=Lietz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24747719
http://www.ncbi.nlm.nih.gov/pubmed/24747719
http://www.ncbi.nlm.nih.gov/pubmed/24747719


173 

 

379. Puck, T.T., Cieciuara, S.J. and Robinson, A. Genetics of somatic mammalian cells: III. Long-term 

cultivation of euploid cells from human and animal subjects. J. Exp. Med. 1958; 108:945-956. 

380. Rabinowich, H., Pricop, L., Herberman, R.B. and Whiteside, T.L. Expression and function of CD7 

molecule on human natural killer cells. J. Immunol. 1994;152:517- 526. 

381. Radbruch, A. Immunofluorescence: basic considerations. In: Flow cytometry and cell sorting (ed. 

by Radbruch, A.), Springer Verlag, Berlin, 1992; pp. 34-46. 

382. Radomski M, Palmer R, Moncada S. Endogenous nitric oxide inhibits human platelet adhesion to 

vascular endothelium. Lancet. 1987;2: 1057–1058. 

383.  Radomski MW, Palmer RM, Moncada S. Modulation of platelet aggregation by an L-arginine-

nitric oxide pathway. Trends Pharmacol Sci. 1991;12:87– 88. 

384. Radomski MW, Palmer RM, Moncada S. The anti-aggregating properties of vascular endothelium: 

Interactions between prostacyclin and nitric oxide. Br J Pharmacol. 1987;92:639–646. 

385. Radomski MW, Valance P, Whitley G, Foxwell N, Moncada S. Platelet adhesion to human 

vascular endothelium is modulated by constitutive and cytokine induced nitric oxide. Cardiovasc 

Res. 1993;27:1380 –1382. 

386. Rafii S, Dias S, Meeus S, Hattori K, Ramachandran R, Feuerback F, Worgall S, Hackett NR, and 

Crystal RG. Infection of endothelium with E1(-)E4( ), but not E1(-)E4(-), adenovirus gene  

transfer vectors enhances leukocyte adhesion and migration by modulation of ICAM-1,VCAM-1, 

CD34, and chemokine expression. Circ Res. 2001;88:903–910. 

387. Raines, E.W. and Ross, R. Multiple growth factors are associated with lesions of atherosclerosis: 

specificity or redundancy? Bioessays. 1996; 18:271-282. 

388. Raines, E.W., Rosenfeld, M.E. and Ross, R. The role of macrophages. In: Atherosclerosis and 

coronary artery disease (ed. by Fuster, V., Ross, R. & Topol, E.J.), Vol.1, Lippincott-Raven, 

Philadelphia, 1996; pp. 539-555. 

389. Rainger GE, Nash GB. Cellular pathology of atherosclerosis. Smooth muscle cells prime 

cocultured endothelial cells for enhanced leukocyte adhesion. Circ Res. 2001;88:615– 622. 

390.  Rainger GE, Stone P, Morland CM, Nash GB. A novel system for investigating the ability of 

smooth muscle cells and fibroblasts to regulate adhesion of flowing leukocytes to endothelial cells. 

J Immunol Methods. 2001;255:73– 82. 

391. Ramos, C.L., et al. 1999. Direct demonstration of P-selectin- and VCAM-1-dependent 

mononuclear cell rolling in early atherosclerotic lesions of apolipoprotein E-deficient mice. Circ. 

Res. 84:1237–1244. 

392. Ramos, C.L., et al., Direct demonstration of P-selectin- and VCAM-1-dependent mononuclear cell 

rolling in early atherosclerotic lesions of apolipoprotein E- deficient mice. Circ Res, 1999. 84(11): 

p. 1237-44. 

393. Randolph, G.J. , Luther, T., Muller, et al.: Role of tissue factor in adhesion of mononuclear 

phagocytes to and trafficking through endothelium in vitro. Blood 1998; 92(11): 4167-4177. 



174 

 

394. Randolph, G.J. , Luther, T., Muller, et al.: Role of tissue factor in adhesion of mononuclear 

phagocytes to and trafficking through endothelium in vitro. Blood 1998; 92(11): 4167-4177. 

395. Regulation of vascular cell adhesion molecule-1 and intercellular cell adhesion molecule-1 in 

human vascular smooth muscle cells. Circ. Res. 74:225-234. 

396.  Reininger AJ, Korndorfer MA, Wurzinger LJ. Adhesion of ADP-activated platelets to intact 

endothelium under stagnation point in vitro is mediated by the integrin _IIb_3. Thromb Haemost. 

1998;79:998 –1003. 

397. Rice, G.E. and Bevilacqua, M.P. An inducible endothelial cell surface glycoprotein mediates 

melanoma adhesion. Science. 1989; 246:1303-1306. 

398. Rice, G.E., Munro, J.M., Corless, C. and Bevilacqua, M.P. Vascular and nonvascular expression of 

INCAM-110: a target for mononuclear leukocyte adhesion in normal and inflamed human tissues. 

Am. J. Pathol. 1991; 138:385-393. 

399. Robert E. Gerszten, Andrew M. Tager, The Monocyte in Atherosclerosis — Should I Stay or 

Should I Go Now?, n engl j med, 2012;  366;18. 

400. Roitt, I, Brostoff, J., Male, D.: Immunology. Mosby-Verlag. London 1998. 

401. Roitt, I, Brostoff, J., Male, D.: Immunology. Mosby-Verlag. London 1998. 

402. Rose G., Epidemiology of Atherosclerosis; BMJ, Volume 303; 1991; 1537-1539;  

403. Rösen P, Endotheliale Dysfunktion: ein Synonym für funktionelle Atherosklerose, Journal für 

Kardiologie 2002; 9 (12), 556-562. 

404. Rosen, S.D. and Bertozzi, C.R. The selectins and their ligands. Curr. Opin. Cell Biol. 1994; 6:663-

373. 

405. Rosenberg HM, Maurer JD, Sorlie PD, et al. Quality of Death Rates by Race and Hispanic Origin: 

A Summary of Current Research, 1999. Hyattsville, MD: National Center for Health Statistics; 

406. Rosenfeld, M.E., et al., Macrophages, endothelial cells, and lipoprotein oxidation in the 

pathogenesis of atherosclerosis. Toxicol Pathol, 1990. 18(4): p. 560-71.  

407. Ross, R. and Glomset, J.A. Atherosclerosis and the arterial smooth muscle cell: proliferation of 

smooth muscle is a key event in the genesis of the lesions of atherosclerosis. Science. 1973; 

180:1332-1339. 

408. Ross, R. Atherosclerosis: an inflammatory disease. N. Engl. J. Med. 1999; 340:115-126. 

409. Ross, R.: Atherosclerosis-an inflammatory disease. N Engl J Med 1999; 38: 71-79 

410. Ross, R.: The pathogenesis of atherosclerosis: a perspectiv for the 1990s. Nature. 1993; 362: 801-

809. 

411. Rothlein R, Czajkowski M, Kishimoto TK (1991) A intercellular adhesion molecule in the 

inflammatory response Hogg N (ed): Integrins and ICAM-1-1 in immune responses Chem. 

Immunol. 50; 135-142. 



175 

 

412. Rothlein R, Scharschmidt LA (1994) Leukocyte adhesion in inflammation: from discovery to the 

clinic. In: Wegner CD (ed) The landsoohof immunopharmacoology adhesion molecules Academic 

Press London. 

413. Rothlein, R., Czajkowski, M., O’Neill, M.M., Marlin, S.D., Mainolfi, E. and Merluzzi,V.J. 

Induction of intercellular adhesion molecule 1 on primary and continuous cell lines by pro-

inflammatory cytokines. Regulation by pharmacologic agents and neutralizing antibodies. J. 

Immunol. 1988; 141:1665-1669. 

414. Rothlein, R., Dustin, M.L., Marlin, S.D. and Springer, T.A. A human intercellular adhesion 

molecule (ICAM-1) distinct from LFA-1. J. Immunol. 1986; 137:1270-1274. 

415. Rouis M, Adamy C, Duverger N, Lesnik P, Horellou P, Moreau M, Emmanuel F, Caillaud JM, 

Laplaud PM, Dachet C, Chapman MJ. Adenovirus-mediated overexpression of tissue inhibitor of 

416. Rubio, M., Sotillos, M., Jochems, G. et al.: Monocyte activation: rapid induction of α1/β 

(VLA4) integrin expression by LPS and interferon. Eur J Immunol. 1995 ;25 :2701-2705. 

417. Rubio, M., Sotillos, M., Jochems, G. et al.: Monocyte activation: rapid induction of α1/β 

(VLA4) integrin expression by LPS and interferon. Eur J Immunol. 1995 ;25 :2701-2705. 

418. Saerens D, Pellis M, Loris R, Pardon E, Dumoulin M, Matagne A, Wyns L, Muyldermans S, 

Conrath K. Identification of a universal VHH framework to graft non-canonical antigen-binding 

loops of camel singledomain antibodies. J Mol Biol. 2005;352:597– 607. 

419. Sako, D., Chang, X.J., Barone, K.M., Vachino, G., White, H.M., Shaw, G., Veldman, G.M., Bean, 

K.M., Ahern, T.J. and Furie, B. Expression cloning of a functional glycoprotein ligand for P-

selectin. Cell. 1993; 75:1179-1186. 

420. Salomon DR, Crisa L, Mojcik CF, Ishii JK, Klier G, Shevach EM. Vascular cell adhesion 

molecule-1 is expressed by cortical thymic epithelial cells and mediates thymocyte adhesion: 

implications for the function of alpha4beta1 (VLA4) integrin in T-cell development. Blood. 

1997;89:2461–2471. 

421. Salomon, D.R., Crisa, L., Mojcik, C.F., Ishii, J.K., Klier, G. and Shevach, E.M. Vascular cell 

adhesion molecule-1 is expresses by cortical thymic epithelial cells and mediates thymocyte 

adhesion: implications for the function of 41 (VLA4) integrin in T-cell development. Blood. 1997; 

89:2461-2471. 

422. Sánchez-Mateos, P., Cabañas, C. and Sánchez-Madrid, F. Regulation of integrin function. Semin. 

Cancer Biol. 1996; 7:99-109. 

423. Sandrin, M.S., Vaughan, H.A., Loverting, K.E., Curnow, K., Deacon, N.J. and McKenzie, I.F. 

Characterization of the gene coding for the human lymphocyte surface antigen HuLy-m2(CD7) in 

Leucocyte Typing III. Oxford University Press, p. 216. Sans, E., Delachanal, E. and Duperray, A. 

2001. Analysis of the roles of ICAM-1 in neutrophil transmigration using a reconstituted 



176 

 

mammalian expression model: implication of ICAM-1 cytoplasmic domain and Rho-dependent 

signaling pathway. J. Immunol. 1987;166:544-551. 

424. Sato J, Mohacsi TG, Noel A, Jost C, Gloviczki P, Mozes G, Katusic ZS, O’Brien T. In vivo gene 

transfer of endothelial nitric oxide synthase to carotid arteries from hypercholesterolemic rabbits 

enhances endotheliumdependent relaxations. Stroke. 2000;31:968–975. 

425. Scannell, G., Waxmann, K. et al.: Hypoxia-induced alteration of neutrophil membrane receptors. J 

Surg Res 1995; 59: 141-145. 

426. Scannell, G., Waxmann, K. et al.: Hypoxia-induced alteration of neutrophil membrane receptors. J 

Surg Res 1995; 59: 141-145. 

427. Scazec JY, Durand F, Benhamon JP, Feldmann G (1994) Expression of cytokine dependent 

adhesion molecules in postperfusion Biopsy specimens of liver allografts. Gastroenterology 107; 

1094-1102. 

428. Schmitz, G., Herr, Rothe et al.: T-Lymphozyten und Monozyten in der Pathogenese der 

Arteriosklerose. Herz 1998; 23: 168–177. 

429. Schmitz, G., Herr, Rothe et al.: T-Lymphozyten und Monozyten in der Pathogenese der 

Arteriosklerose. Herz 1998; 23: 168–177. 

430. Scholz, D., Devaux, B., Hirche, A., Pötsch, B., Kropp, B., Schaper, W. and Schaper, J. Expression 

of adhesion molecules is specific and timedependent in cytokine-stimulated endothelial cells in 

culture. Cell Tissue Res. 1996; 284:415-423. 

431. Schwarz M, Nordt T, Bode C, Peter K (2002). The GP IIb/IIIa inhibitor abciximab (c7E3) inhibits 

the binding of various ligands to the leukocyte integrin Mac-1 (CD11b/CD18,  alphaMbeta2). 

Thromb Res 107: 121-8.  

432. Sekido, N., Mukaida, N., Harada, A., Nakanishi, I., Watanabe, Y. and Matsushima, K. Prevention 

of lung reperfusion injury in rabbits by a monoclonal antibody against interleukin-8. Nature. 1993; 

365:654-657. 

433. Sen T, Aksu T. Endothelial progenitor cell and adhesion molecules determine the quality of the 

coronary collateral circulation/Endothelial progenitor cells (CD34+KDR+) and monocytes may 

provide the development of good coronary collaterals despite the vascular risk factors and 

extensive atherosclerosis. Anadolu Kardiyol Derg. 2012;12(5):447;  

series/sr_02/sr02_128.pdf. 

434. Servi S, Mazzone A, Ricevuti G, Mazzucchelli I, Fossati G, Angoli L, Valentini P, Boschetti E, 

Specchia G. Expression of neutrophil and monocyte CD11B/CD18 adhesion molecules at different 

sites of the coronary tree in unstable angina pectoris. Am J Cardiol. 1996; 78 (5): 564-8.  

435. Shanberge JN, Kajiwara Y, Quattrociocchi-Longe T. Effect of aspirin and iloprost on adhesion of 

platelets to intact endothelium in vivo. J Lab Clin Med. 1995;125:96 –101. 

436. Shang, X.-Z., Lang, B.J. and Issekutz, A.C. Adhesion molecule mechanisms mediating monocyte 

migration through synovial fibroblast and endothelium barriers: role for CD11/CD18, very late 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22626655
http://www.ncbi.nlm.nih.gov/pubmed?term=Aksu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22626655
http://www.ncbi.nlm.nih.gov/pubmed/22626655


177 

 

antigen-4 (CD49d/CD29), very late antigen-5 (CD49e/CD29), and vascular cell adhesion 

molecule-1 (CD106). J. Immunol. 1998; 60:467-474. 

437. Shattil, S.J. and Ginsberg, M.H. Integrin signaling in vascular biology. J.Clin. Invest. 1997; 

100:91-95. 

438. Shen, Y., Rattan, V.: Cigarette smoke condensate-induced adhesion molecule expression and 

transmigration of monocytes. Am J Physiol 1996; 270: H1624-1633. 

439. Sherry L., Murphy B.S., Kenneth D.,Deaths: FInal data for 2010; National Vital Statistics Report; 

Volume 61, Number 4; 2013; 

440. Shih, P.T., et al. 1999. Blocking very late antigen-4 integrin decreases leukocyte entry and fatty 

streak formation in mice fed an atherogenic diet. Circ. Res. 84:345–351. 

441. Shih, P.T., et al. 1999. Blocking very late antigen-4 integrin decreases leukocyte entry and fatty 

streak formation in mice fed an atherogenic diet. Circ. Res. 84:345–351. Shih, P.T., et al. 1999. 

Blocking very late antigen-4 integrin decreases leukocyte entry and fatty streak formation in mice 

fed an atherogenic diet.Circ. Res. 84:345–351. 

442. Shih, P.T., et al. 1999. Minimally modified lowdensity lipoprotein induces monocyte adhesion to 

endothelial connecting segment-1 by activating beta 1 integrin. J. Clin. Invest. 103:613–625. 

443. Shih, P.T., et al. 1999. Minimally modified lowdensity lipoprotein induces monocyte adhesion to 

endothelial connecting segment-1 by activating beta 1 integrin. J. Clin. Invest. 103:613–625. 9. 

444. Silverstein, R.L. Cell adhesion molecules. Cancer Invest. 1998;16:175-182.  

445. Silvestro1,A.,Brevetti1,G.,Schiano1,V.,Scopacasa,F., Chiariello,M.Adhesion molecules and 

cardiovascular risk in peripheral arterial disease Soluble vascular cell adhesion molecule-1 

improves risk stratification Thromb Haemost 2005; 93: 559-63 

446. Simon BC., Noll B., Maisch B., Endothelial dysfunction-assessment of current status and 

approaches to therapy; Herz; 1999; 24(1):62-71; 

447. Simon, B., Noll, Maisch et al.: Endotheliale Dysfunktion - eine Bestandsaufnahme und Ansätze 

zur Therapie. Herz 1999; 24: 62 – 71. 

448. Simon, B., Noll, Maisch et al.: Endotheliale Dysfunktion - eine Bestandsaufnahme und Ansätze 

zur Therapie. Herz 1999; 24: 62 – 71. 

449. Simon, B., Noll, Maisch et al.: Endotheliale Dysfunktion - eine Bestandsaufnahme und Ansätze 

zur Therapie. Herz 1999; 24: 62 – 71. 

450. Simon, D.I., Xu, H. et al. : 7 E3 monoclonal antibody directed against the platelet Glykoprotein 

IIb/IIIa cross-reacts with the leucocyte integrin MAC-1 and blocks adhesion to fibrinogen and 

ICAM-1. Arterioscler Thromb Vasc Biol 1997; 17(3): 528-535. 

451. Simovic, D., Isner, J.M., Ropper, A.H., Pieczek, A. and Weinberg, D.H. Improvement in chronic 

ischemic neuropathy following intramuscular phVEGF165 gene transfer in patients with critical 

limb ischemia. Arch. Neurol. 2001; 58:761-768. 



178 

 

452. Slepian, M.J., Fritz, A. and Dehdashti, B. Smooth muscle cell 41 integrinmatrix interactions 

participate in migration and neointimal thickening following injury. 1998; Circulation 98 (supl.):-

227. Abstract.  

453. Sluiter W, Pietersma A, Lamers JM, Koster JF (1993). Leukocyte adhesion molecules on the  

vascular endothelium: their role in the pathogenesis of cardiovascular disease and the  mechanisms 

underlying their expression. J Cardiovasc Pharmacol 22 Suppl 4: S37-44.  

454. Sluiter, W., Pietersma, A., Lamers, J.M.J. and Koster, J.F. Leukocyte adhesion molecules on the 

vascular endothelium: their role in the pathogenesis of cardiovascular disease and the mechanisms 

underlying their expression. J. Cardiovasc. Pharmacol. 1993; 22:37-44. 

455. Smaglik, P. Viral vs. nonviral in gene therapy: which vector will prevail? Scientist. 1998; 12:5-6. 

456. Smith DF, Galkina E, Ley K, Huo Y: 2005. GRO family chemokines are specialized for monocyte 

arrest from flow. Am J Physiol Heart Circ Physiol 289:H1976–H1984. 

457.  Smith JD. Mouse models of atherosclerosis. Lab Anim Sci. 1998;48: 573–579. 

458. Sperandio M, Smith ML, Forlow SB, Olson TS, Xia L, McEver RP, Ley K (2003). P-selectin 

glycoprotein ligand-1 mediates L-selectin-dependent leukocyte rolling in venules. J Exp Med 197  

(10): 1355-63.  

459. Spertini, O., et al., Monocyte attachment to activated human vascular endothelium in vitro is 

mediated by leukocyte adhesion molecule-1 (L-selectin) under nonstatic conditions. J Exp Med, 

1992. 175(6): p. 1789-92.  

460. Springer, T.A. Adhesion receptors of the immune system. Nature. 1990; 346:425-434. 

461. Springer, T.A. and Cybulsky, M.I. Traffic signals on endothelium for leukocytes in health, 

inflammation, and atherosclerosis. In: Atherosclerosis and coronary artery disease (ed. by Fuster, 

V., Ross, R. & Topol, E.J.), Vol.1, Lippincott-Raven, Philadelphia, pp. 1996; 511-538. 

462. Springer, T.A. Traffic signals for lymphocyte recirculation and leukocyte emigration: the multistep 

paradigm. Cell. 1994; 76:301-314. 

463. Springer, TA (1994). Traffic signals for lymphocyte recirculation and leukocyte emigration: the  

multistep paradigm. Cell 76 (2): 301-14.  

464. Stary HC, Blankenhorn DH, Chandler AB, et al. A definition of the intima of human arteries and 

of its atherosclerosis-prone regions. Circulation 1992; 85:391–405. 

465.  Stary HC, Chandler AB, Glagov S, et al. A definition of initial, fatty streak, and intermediate 

lesions of atherosclerosis. Arteriosclerosis Thromb 1994; 5:840–856. 

466. Stary, H.C., et al., A definition of initial, fatty streak, and intermediate lesions of atherosclerosis. A 

report from the Committee on Vascular Lesions of the Council on Arteriosclerosis, American 

Heart Association. Circulation, 1994. 89(5): p. 2462-78.  

467. Staunton, D.E., Dustin, M.L. and Springer, T.A. Functional cloning of ICAM-2, a cell adhesion 

ligand for LFA-1 homologous to ICAM-1. Nature. 1989; 339:61-64. 



179 

 

468. Staunton, D.E., Marlin, S.D., Stratowa, C., Dustin, M.L. and Springer, T.A. Primary structure of 

ICAM-1 demonstrates interaction between members of the immunoglobulin and supergene family. 

Cell. 1988; 56:925-933. 

469. Steegmaier, M., Levinovitz, A., Isenmann, S., Borges, E., Lenter, M., Kocher, H.P., Kleuser, B. 

and Vestweber, D. The E-selectin-ligand ESL-1 is a variant of a receptor for fibroblast growth 

factor. Nature. 1995; 373:615-620. 

470. Steffen Massberg,Korbinian Brand,Sabine Grüner,Sharon Page, Elke Müller, Iris Müller, 

Wolfgang Bergmeier, Thomas Richter, Michael Lorenz, Ildiko Konrad, Bernhard Nieswandt, and 

Meinrad Gawaz, A Critical Role of Platelet Adhesion in the Initiation of Atherosclerotic Lesion 

Formation, J. Exp. Med. The Rockefeller University Press • 0022-1007/2002/10/887/10. 

471. Steinberg, D. Low density lipoprotein oxidation and its pathobiological significance. J. Biol. 

Chem. 1997; 272:20963-20966. 

472. Steinhoff G, Behrend M, Wonigeit K (1990) Expression of adhesion molecules on lymphocytes, 

monocytes and hepatocytes in human liver grafts. 

473. Stepkowski, S.M., Tu, Y., Condon, T.P. and Bennett, C.F. Blocking of heart allograft rejection by 

intercellular cell adhesion molecule-1 anti-sense oligonucleotides alone or in combination with 

other immunosuppressive modalities. J. Immunol. 1994; 153:5336-5346. 

474. Stohlawetz, P., Hahn, P., Koller, M.: Immunophenotypic characterisatics of monocytes in elderly 

subjects. Scand J Immunol 1998; 48(3): 324-326. 

475. Strawn, W., Gallagher, P., Talant, E.: Angiotensin II AT 1–Rezeptor blockade inhibits monocyte 

activation and adherence in transgenetic (mRen2)27 rats. J of Cardiovascular pharmacology 1999; 

33: 341-351. 

476. Strawn, W., Gallagher, P., Talant, E.: Angiotensin II AT 1–Rezeptor blockade inhibits monocyte 

activation and adherence in transgenetic (mRen2)27 rats. J of Cardiovascular pharmacology 1999; 

33: 341-351. 

477. Strecker, R.C., Expression des Interzellulären Adhäsionsmoleküls (ICAM-1) im Lebergewebe 

während und nach einer LebertransplantationEberhard-Karls- Universität zu Tübingen; 2006. 

478. Stuart D. Christenson, MD; Kristy D. Lake, PhD; Hiroaki Ooboshi, MD, PhD; Frank M. Faraci, 

PhD; Beverly L. Davidson, PhD; Donald D. Heistad, MDAdenovirus-Mediated Gene Transfer In 

Vivo to Cerebral Blood Vessels and Perivascular Tissue in Mice, (Stroke. 1998;29:1411-1416. 

479. Sukharev, S.I., Titomirov, A.V. and Klenchin, V.A. Electrically-induced DNA transfer into cells. 

Electrotransfection in vivo. In: Gene Therapeutics. Methods and Applications of Direct Gene 

Transfer (ed. by Wolff, J.A.), Birkhäuser, Boston, pp. 1994; 210-232. 

480. Suzette J. Bielinski1, James S. Pankow1, Na Li2, Fang-Chi Hsu3, Sara D. Adar4, Nancy Swords 

Jenny5, Donald W. Bowden6, Bruce A. Wasserman7, and Donna Arnett8, ICAM1 and VCAM1 

polymorphisms, coronary artery calcium, and circulating levels of soluble ICAM-1: The Multi-



180 

 

Ethnic Study of Atherosclerosis (MESA), Atherosclerosis. Author manuscript; available in PMC 

2009. 

481. Suzuki, K., Masawa, N. et al.: The pathogenesis of cerebrovascular lessions in hypertensive rats. 

Med Elektron Microsc 2001; 34(4): 230-239. 

482. Swindle MM, Smith AC, Hepburn BJ. Swine as models in experimental surgery. J Invest Surg 

1988; 1:65–79. 

483. Tacke F, Alvarez D, Kaplan TJ, et al: 2007. Monocyte subsets differentially employ CCR2, CCR5, 

and CX3CR1 to accumulate within atherosclerotic plaques. J Clin Invest 117:185–194. 

484. Takahisa Murata, Masatoshi Hori, Sheng Lee, Akio Nakamura, Kazuhiro Kohama, Hideaki 

Karaki, Hiroshi Ozaki, Vascular Endothelium Has a Local Anti-Adenovirus VectorSystem and 

Glucocorticoid Optimizes Its Gene Transduction, Arterioscler Thromb Vasc Biol. 2005;25:1796-

1803. 

485. Tall AR. Plasma lipid transfer proteins. J Lip Res 1986; 27:361– 367. 

486. Theilmeier, G., et al., Circulating activated platelets assist THP-1 monocytoid/endothelial cell 

interaction under shear stress. Blood, 1999. 94(8): p. 2725-34. 

487. Theuer, J., Dechend, R. et al.: Angiotensin II induced inflammation in the kidney and the heart of 

double transgenic rats. BMC Cardiovascular Disorders 2002, 2:3. 

488. Thiagarajan,R-R, Winn RK, Harlan JM (1997) The role of leukocyte and endothelial adhesion 

molecules in ischemia-reperfusion injury; Thrombosis and haemostasis 78(1) 310-314. 

489. Thornhill, M.H., Wellicome, S.M., Mahiouz, D.L., Lanchbury, J.S., Kyan-Aung, U. and Haskard, 

D.O. Tumor necrosis factor combines with IL-4 or IFN-gamma to selectively enhance endothelial 

cell adhesiveness for T cells: the contribution of vascular cell adhesion molecule-1 dependent and 

independent binding mechanisms. J. Immunol. 1991; 146:592-598. 

490. Tiefenbacher CP, Bleeke T, Vahl C, Amann K, Vogt A, Kubler W. Endothelial dysfunction of 

coronary resistance arteries is improved by tetrahydrobiopterin in atherosclerosis. Circulation. 

2000;102:2172–2179. 

491. Timothy M. Carlos and John M. Harlan, Leukocyte-Endothelia1 Adhesion Molecules, Blood, Vol 

84, No 7 (October l), 1994: pp 2068-2101. 

492. Tokuhira, M., Hosaka, S., Volin, M.V., Haines, G.K. 3rd, Katschke, K.J., Jr., Kim, S. and Koch, 

A.E. Soluble vascular cell adhesion molecule 1 mediation of monocyte chemotaxis in rheumatoid 

arthritis. Arthritis Rheum. 2000; 43:1122-1133. 

493. Toth PP; Subclinical atherosclerosis: what it is, what it means and what we can do about; Int J Clin 

Pract. 2008;1246-54;  

494. Travis, J. Biotech gets a grip on cell adhesion. Science. 1993; 260:906-908. 

495. Triezenberg, S.J., LaMarco, K.L. and McKnight, S.L. Evidence of DNA:protein interactions that 

mediate HSV-1 immediate early gene activation by VP16. 1988; 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18564201


181 

 

496. Trogan E, Feig JE, Dogan S, et al. Gene expression changes in foam cells and the role of  

chemokine receptor CCR7 during atherosclerosis regression in ApoE-deficient mice. Proc Natl 

Acad Sci U S A 2006;103:3781-6. 

497. Tsao, Ph. et al.: Interaction of diabetes and hypertension on determinants of endothelial 

adhesiveness. Arterioslerosis, Thrombosis and vascular biology 1998; 18: 947-953. 

498. Tsouknos A, Nash GB, Rainger GE. Monocytes initiate a cycle of leukocyte recruitment when 

cocultured with endothelial cells. Atherosclerosis. 2003;170:49 –58. 

499. Tsouknos A1, Nash GB, Rainger GE.Monocytes initiate a cycle of leukocyte recruitment when 

cocultured with endothelial cells. Atherosclerosis. 2003 Sep;170(1):49-58. 

500. Tummala, P., Chen, X., Sundell, C.: Angiotensin II induces vascular cell adhesion molecule-1 

expression in rat vasculatur. Circulation 1999; 100: 1223-1229. 

501. Turunen R, Andersson S, Nupponen I, Kautiainen H, Siitonen S, Repo H (2005). Increased  

CD11b-density on circulating phagocytes as an early sign of late-onset sepsis in extremely low- 

birth-weight infants. Pediatr Res 57 (2): 270-5.  

502. Tward A, Xia YR, Wang XP, Shi YS, Park C, Castellani LW, Lusis AJ, Shih DM. 

Decreased atherosclerotic lesion formation in human serum paraoxonase transgenic mice. 

Circulation. 2002;106(4):484–490. 

503. U. S. Schwarz and R. Alon L-selectin mediated leukocyte tethering in shear flow is controled by 

multiple contacts and cytoskeletal anchorage facilitating fast rebinding events Proc. Natl. Acad. 

Sci. U. S. A. 2004; 10.1073/pnas.0305822101, Early Edition.  

504. U. S. Schwarz and R. Alon; L-selectin mediated leukocyte tethering in shear flow is 

controled by multiple contacts and cytoskeletal anchorage facilitating fast rebinding events 

Proc. Natl. Acad. Sci. U. S. A. , 10.1073/pnas.0305822101, Early Edition, April 20, 2004. 

505. Ulrich Schwarz, Eine Bindung ist nicht genug - wie Leukozyten an Blutgefäße binden, PNAS, 

2004; Early Edition, 20.   

506. V.G. Khurana1,2, D.A. Weiler3, T.A. Witt6, L.A. Smith3, L.S. Kleppe6, J.E. Parisi4, R.D. 

Simari6, T. O’Brien5, S.J. Russell6 and Z.S. Katusic1,3A direct mechanical method for accurate 

and efficient adenoviral vector delivery to tissues, Gene Therapy (2003) 10, 443–452. 

doi:10.1038/sj.gt.3301907. 

507. Vale, P.R., Losordo, D.W., Milliken, C.E., Maysky, M., Esakof, D.D., Symes, J.F. and Isner, J.M. 

Left ventricular electromechanical mapping to assess efficacy of phVEGF165 gene transfer for 

therapeutic angiogenesis in chronic myocardial ischemia. Circulation. 2000; 102:965-974. 

508. Van de Stolpe, A. and van der Saag, P.T. Intercellular adhesion molecule-1. J. Mol. Med. 1996; 

74:13-33. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Tsouknos%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12957682
http://www.ncbi.nlm.nih.gov/pubmed?term=Nash%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=12957682
http://www.ncbi.nlm.nih.gov/pubmed?term=Rainger%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=12957682
http://www.ncbi.nlm.nih.gov/pubmed/12957682


182 

 

509.    Vasa M, Fichtlscherer S, Aicher A, Adler K, Urbich C, Martin H, Zeiher AM, Dimmeler S. 

Number and migratory activity of circulating endothelial progenitor cells inversely correlate with 

risk factors for coronary artery disease. Circ Res. 2001;89:E1–E7. 

vascular dysfunction. Clin Lab. 2005;51:531–538. 

510. Verbeek, M., Westphal, J.R., Ruiter, D.J. and de Waal, R.M. T lymphocyte adhesion to human 

brain pericytes is mediated via very late antigen-4/vascular cell adhesion molecule-1 interactions. 

J. Immunol. 1995; 154:5876-5884. 

511. Vessilionovitch D. Animal models and the study of atherosclerosis. Arch Pathol Lab Med 1988; 

112: 1011–1017. 

512. Violi, F. et al.: Relation between risk factors and cardiovascular complications in patients with 

peripheral vascular disease. Results from the A.D.E.P. study. Atherosclerosis 1996; 120: 25-35. 

513. Vodinelich, L., Tax, W., Bai, Y., Pegram, S., Capel, S. and Greaves, M.F. A monoclonal antibody 

(WT1) for detecting leukemias of T-cell precursors. Blood. 1983; 62:1108-1113. 

514. Vogel, R.A.: Coronary risk factors, endothelial function and atherosclerosis. Clin. Cardiol. 1997; 

20: 426-432. 

515. Vogel, R.A.: Coronary risk factors, endothelial function and atherosclerosis. Clin. Cardiol. 1997; 

20: 426-432. 

516. Vogetseder, W. and Dierich, M.P. Intercellular adhesion molecule-1 (ICAM-1, CD54) is 

associated with actin-filaments. Immunobiol. 1991; 182:143-151. 

517. von Andrian UH, Chambers JD, McEvoy LM, Bargatze RF, Arfors KE, Butcher EC (1991).  Two-

step model of leukocyte-endothelial cell interaction in inflammation: distinct roles for  LECAM-1 

and the leukocyte beta 2 integrins in vivo. Proc Natl Acad Sci USA 88 (17): 7538-42.  

518. Vonderheide, R.H., Tedder, T.F., Springer, T.A. and Staunton, D.E. Residues within a conserved 

amino acid motif of domains 1 and 4 of VCAM-1 are required for binding VLA-4. J. Cell Biol. 

1994; 125:215-222. 

519. Vucević D1, Radak D, Radosavljević T, Mladenović D, Milovanović I. Inflammatory process in 

atherogenesis: new facts about old flame, Med Pregl. 2012 Sep-Oct;65(9-10):388-95. 

520. Wagner, E., Zatloukal, K., Cotten, M., Kirlappos, H., Mechtler, K., Curiel, D.T. and Birnstiel, 

M.L. Coupling of adenovirus to transferrin-polylysine/DNA complexes greatly enhances receptor-

mediated gene delivery and expression of transfected genes. Proc. Natl. Acad. Sci. USA. 1992; 

89:6099-6103. 

521. Walter DH, Rittig K, Bahlmann FH, Kirchmair R, Silver M, Murayama T, Nishimura H, Losordo 

DW, Asahara T, Isner JM. Statin therapy accelerates reendothelialization: a novel effect involving 

mobilization and incorporation of bone marrow-derived endothelial progenitor cells. Circulation. 

2002;105:3017–3024. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Vucevi%C4%87%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23214332
http://www.ncbi.nlm.nih.gov/pubmed?term=Radak%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23214332
http://www.ncbi.nlm.nih.gov/pubmed?term=Radosavljevi%C4%87%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23214332
http://www.ncbi.nlm.nih.gov/pubmed?term=Mladenovi%C4%87%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23214332
http://www.ncbi.nlm.nih.gov/pubmed?term=Milovanovi%C4%87%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23214332
http://www.ncbi.nlm.nih.gov/pubmed/23214332


183 

 

522. Wambach, G., Fritschka, E.: Arterielle Hypertonie und vaskuläres System. Upjohn GmbH. 1994 

Wernicke, K.: Medizinische Biometrie, Scriptum, Institut für Medizinische Biometrie HU Berlin. 

1999. 

523. Wang Y, Sakuma M, Chen Z, Ustinov V, Shi C, Croce K, Zago AC, Lopez J, Andre P, Plow E,  

Simon DI (2005). Leukocyte Engagement of Platelet Glycoprotein Ib{alpha} via the Integrin Mac-

1 Is Critical for the Biological Response to Vascular Injury. Circulation 112: 2993-3000.  

524. Wang, P.H., Lau, J. and Chalmers, T.C. Meta-analysis of effects of intensive blood-glucose control 

on late complications of type diabetes. Lancet. 1993; 341:1306- 1309. 

525. Weber, C. and Springer, T.A. Interaction of very late antigen-4 with VCAM-1 supports 

transendothelial chemotaxis of monocytes by facilitating lateral migration. J. Immunol. 1998; 

161:6825-6834. 

526. Weber, C. and T.A. Springer, Neutrophil accumulation on activated, surface-adherent platelets in 

flow is mediated by interaction of Mac-1 with fibrinogen bound to  alphaIIbbeta3 and stimulated 

by platelet-activating factor. J Clin Invest, 1997. 100(8): p. 2085-93. 

527. Weber,K.S.C., Klickstein,L.B., Weber, P.C., and Weber,C., Chemokine-induced monocyte 

transmigration requires cdc42-mediated cytoskeletal changes, Eur. J. Immunol. 1998; 28: 245–

2251. 

528. Weidinger F, Frick MMechanismen und Bedeutung der Endothelfunktion bei koronarer 

Herzkrankheit, Journal für Kardiologie 2000; 7 (1), 2-8. 

529. Weigert AL, Higa EM, Niederberger M, McMurtry IF, Raynolds M, Schrier RW. Expression and 

preferential inhibition of inducible nitric oxide synthase in aortas of endotoxemic rats. J Am Soc 

Nephrol. 1995; 5:2067–2072. 

530. WHO health statistic report 2014 update; 

531. Wick, G. et al.: Is arteriosclerosis an immunologically mediated disease? Immunol Today 1995; 

16(1): 27-33. 

532.  Wilcox JN, Subramanian RR, Sundell CL, Tracey WR, Pollock JS, Harrison DG, Marsden PA. 

Expression of multiple isoforms of nitric oxide synthase in normal and atherosclerotic vessels. 

Arterioscler Thromb Vasc Biol. 1997;17:2479–2488. 

533. Wiznerowicz, M., Fong, A.Z.C., Mackiewicz, A. and Hawley, R.G. Doublecopy bicistronic 

retroviral vector platform for gene therapy and tissue engineering: application to melanoma 

vaccine development. Gene Ther. 1997; 4:1061-1068. 

534. Wójciak-Stothard, B., Williams, L. and Ridley, A.J. Monocyte adhesion and spreading on human 

endothelial cells is dependent on Rho-regulated receptor clustering. J. Cell Biol. 1999; 145:1293-

1307. 

535. Woodgett, J.R., Gould, K.L. and Hunter, T. Substrate specificity of protein kinase C: use of 

synthetic peptides corresponding to physiological sites as probes for substrate recognition 

requirements. Eur. J. Biochem. 1986; 161:177-184. 



184 

 

536. World CJ, Garin G, Berk B: 2006. Vascular shear stress and activation of inflammatory genes. 

Curr Atheroscler Rep 8:240–244. 

537. Xu H1, Wang D, Peng C, Huang X, Ou M, Wang N, Wang P, Zhou L, Ye X. Rabbit Sera 

Containing Compound Danshen Dripping Pill Attenuate Leukocytes Adhesion to TNF-Alpha-

Activated Human Umbilical Vein Endothelial Cells by Suppressing Endothelial ICAM-1 and 

VCAM-1 Expression Through NF-KappaB Signaling Pathway. J Cardiovasc 

Pharmacol. 2014;63(4):323-32.  

538. Yadon Arad, Kenneth J. Goodman, Marguerite Roth, David Newstein, and Alan D. Guerci 

Coronary Calcification, Coronary Disease Risk Factors, C-Reactive Protein, and Atherosclerotic 

Cardiovascular Disease Events: The St. Francis Heart Study, J. Am. Coll. Cardiol. 2005;46;158-

165. 

539. Yan ZQ, Hansson GK. Overexpression of inducible nitric oxide synthase by neointimal smooth 

muscle cells. Circ Res. 1998;82:21–29. 

540. Yang JC1, Huang F, Wu CJ, Chen YC, Lu TH, Hsieh CH. Simvastatin reduces VCAM-1 

expression in human umbilical vein endothelial cells exposed to lipopolysaccharide. Inflamm 

Res. 2012;61(5):485-91. doi: 10.1007/s00011-012-0435-9.  

541. Yang XP, Mattagajasingh S, Su S, et al: 2007. Fractalkine upregulates intercellular adhesion 

molecule-1 in endothelial cells through CX3CR1 and the Jak Stat5 pathway. Circ Res 101:1001–

1008. 

542. Yang, J.P. and Huang, L. Direct gene tranfer to mouse melanoma by intratumor injection of free 

DNA. Gene Ther. 1996; 3:542-548. 

543. Yang H, Roberts LJ, Shi MJ, Zhou LC, Ballard BR, Richardson A, Guo ZM. Retardation of 

atherosclerosis by overexpression of catalase or both Cu/Zn-superoxide dismutase and catalase in 

mice lacking apolipoprotein E. Circ Res. 2004;95(11):1075–1081. 

544. Yi Chu, Donald D. Heistad, Myron I. Cybulsky and Beverly L. Davidson, Vascular Cell Adhesion 

Molecule-1 Augments Adenovirus-Mediated Gene Transfer, Arterioscler. Thromb. Vasc. Biol. 

2001;21;238-242. 

545. Yoshida, M., Westlin, W.F., Wang, N., Ingber, D.E., Rosenzweig, A., Resnick, N. and Gimbrone, 

Jr., M.A. Leukocyte adhesion to vascular endothelium induces E-selectin linkage to the actin 

cytoskeleton. J. Cell. Biol. 1996;133:445-455. 

546. Yusuf, S., Sleight P. et al.: Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on 

cardiovascular events in high-risk patients. The Heart Outcomes Prevention Evaluation Study 

Investigators. N Engl J Med 2000; Jan 20, 342(3): 145-153. 

547. Yutaka Nakashima, Elaine W. Raines, Andrew S. Plump, Jan L. Breslow, Russell 

RossUpregulation of VCAM-1 and ICAM-1 at Atherosclerosis-Prone Sites on the Endothelium in 

the ApoE-Deficient Mouse, Arterioscler Thromb Vasc Biol. 1998;18:842-851. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Peng%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Ou%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Ye%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24710469
http://www.ncbi.nlm.nih.gov/pubmed/24710469
http://www.ncbi.nlm.nih.gov/pubmed/24710469
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=22245985
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22245985
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=22245985
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=22245985
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=22245985
http://www.ncbi.nlm.nih.gov/pubmed?term=Hsieh%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22245985
http://www.ncbi.nlm.nih.gov/pubmed/22245985
http://www.ncbi.nlm.nih.gov/pubmed/22245985


185 

 

548. Zanetti M, Sato J, Katusic ZS, O’Brien T. Gene transfer of endothelial nitric oxide synthase 

improves endothelium-dependent relaxations in aorta from diabetic rabbits. Diabetologia. 

2000;43:340–347. 

549. Zapolska-Downar, D., Naruszewicz, M., Zapolski-Downar, A., Markiewski, M., Bukowska, H. 

and Millo, B. Ibuprofen inhibits adhesiveness of monocytes to endothelium and reduces cellular 

oxidative stress in smokers and non-smokers. Eur. J. Clin. Invest. 2000; 30:1002-1010. 

550. Zhao, Z.Q., Lefer, D.J., Sato, H., Hart, K.K., Jefforda, P.R. and Vinten-Johansen, J. Monoclonal 

antibody to ICAM-1 preserves postischemic blood flow and reduces infarct size after 

ischemia/reperfusion in rabbit. J. Leukoc. Biol. 1997; 62:292- 300. 


