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winamdebare gamogoneba exeba antisxeulebis inJineriis sferos da 

ufro zustad, antisxeulebis skriningis da/an antisxeulebis 

agonisturi/antagonisturi aqtivobis modulaciis xerxs. ufro zustad, 

gamogoneba exeba monoklonuri antisxeulis, an misi orvalentiani 

funqciuri fragmentis an misi warmoebulis antagonisturi aqtivobis 

modulaciis xerxs genetikuri inJineriis meSveobiT. gamogoneba aseve 

exeba polipeptidebs, romlebic gamosadegia modulaciis aseTi 

xerxisaTvis da miRebuli antisxeulebisaTvis. 

terminebi “antisxeuli”, “antisxeulebi” an “imunoglobulini” 

gamoyenebulia urTierTSenacvlebadad farTo gagebiT da Seicavs 

monoklonur antisxeulebs (mag., sruli sigrZis an intaqtur 

monoklonur antisxeulebs), poliklonur antisxeulebs, 

mravalvalentian antisxeulebs an mravalspecifikur antisxeulebs 

(mag., bispecifikur antisxeulebs, ramdenadac isini amJRavneben saWiro 

biologiur aqtivobas). 

 ufro zustad, aseT molekulas Seesabameba glikoproteini, 

romelSic Sedis, sul mcire, ori mZime (H) jaWvi da ori msubuqi (L) 

jaWvi, romlebic urTierTdakavSirebulia disulfiduri bmebiT. 

TiToeuli mZime jaWvi Seicavs mZime jaWvis variabelur ubans (an 

domens) (aq aRiniSneba abreviaturiT HCVR an VH) da mZime jaWvis 

mudmiv ubans. mZime jaWvis mudmiv ubanSi Sedis sami domeni:  CH1, CH2 da 

CH3. TiToeuli msubuqi jaWvi Seicavs msubuqi jaWvis variabelur 

ubans (aq aRiniSneba abreviaturiT LCVR an VL) da msubuqi jaWvis 

mudmiv ubans. msubuqi jaWvis mudmiv ubanSi Sedis erTi domeni CL. 

SesaZlebelia VH da VL ubnebis damatebiT dayofa hipervariabelur 

qveubnebad, e.w. komplementarulobis ganmsazRvrel ubnebad (CDR), 

romelTa Soris CarTulia ufro daculi, e.w. karkasuli ubnebi (FR). 

TiToeuli VH da VL Sedgeba sami CDR da oTxi FR ubnisgan, romlebic 

ganlagebulia aminojgufiani bolodan karboqsiljgufian bolomde 

Semdegi rigiT: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. mZime da msubuqi 
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jaWvebis variabeluri ubnebi Seicavs bmis (makavSirebel) domens, 

romelic antigenTan urTierTmoqmedebs. antisxeulebis mudmiv ubnebs 

SeuZlia mediatoroba gauwios imunoglobulinis bmas maspinZel 

qsovilebTan an faqtorebTan, romlebSic imunuri sistemis sxvadasxva 

ujredebi (mag., efeqtoruli ujredebi) da klasikuri komplement 

sistemis pirveli komponenti (Clq) Sedis. 

 imunoglobulinebis mZime jaWvebi SeiZleba daiyos sam funqciur 

ubnad: Fd ubnad, saxsrul ubnad, Fc ubnad (kristalizebadi fragmenti). 

Fd da Fc ubnebis makavSirebelia drekadi saxsruli ubani. Fd ubani 

Sedgeba VH da CH1 domenebisagan da msubuq jaWvTan erTad qmnis Fab – 

antigen-mbmel fragments. Fc fragmenti pasuxismgebeli aris 

imunoglobulinis efeqtorul funqciebze, romlebSic Sedis, 

magaliTad, komplementis fiqsacia da bma monaTesave Fc receptorebTan 

efeqtoruli ujredebisa. imunoglobulinis IgG, IgA da IgD klasebSi 

aRmoCenili saxsruli ubani moqmedebs drekadi Suasadebis magvarad, 

rac saSualebas aZlevs Fab nawils Tavisuflad gadaadgildes sivrceSi 

Fc ubnis mimarT. mudmivi ubnebis sapirispirod, saxsruli domeni 

struqturulad gansxvavebulia da icvleba rogorc Tanamimdevrobis, 

ise sigrZis mixedviT imunoglobulinebis klasebsa da qveklasebs 

Soris. 

 kristalografiuri gamokvlevebis Tanaxmad, imunoglobulinis 

saxsruli ubani SeiZleba struqturulad da funqciurad damatebiT 

dayofil iqnes sam qveubnad: zeda saxsrad, centraluri da qveda 

saxsrad (Shin et al., Immunological Reviews 130:87, 1992). zeda saxsarSi Sedis 

aminomJavebi CH1-is karboqsilbolodan, saxsarSi moZraobis 

SemzRudvel pirvel naSTamde, ZiriTadad pirvel cisteinis naSTamde, 

romelic qmnis or mZime jaWvs Soris jaWvTaSoris disulfidur bmas. 

zeda saxsaris sigrZeze aris damokidebuli antisxeulis segmenturi 

drekadoba. centraluri saxsaris ubani Seicavs mZime jaWvTaSoris 

disulfidur xidebs. qveda saxsaris ubani esazRvreba CH2 domenis 

amino terminalur bolos da Seicavs mis naSTebs. adamianis IgG1-is 

centraluri saxsruli ubani Seicavs Cys-Pro-Pro-Cys (cisteini-prolini-
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prolini-cisteini) Tanamimdevrobas, romlis disulfiduri bmebis 

formirebis saSualebiT dimerizaciis Sedegad miiReba cikluri 

oqtapeptidi, romelic miaCniaT, rom moqmedebs rogorc brunvis RerZi 

da amrigad uzrunvelyofs imunoglobulinis drekadobas. 

konformaciulma cvlilebebma, romlebic daSvebulia imuniglobulinis 

saxsruli ubnis polipeptiduri Tanamimdevrobis struqturisa da 

drekadobis gamo, SeiZleba rom gavlena moaxdinon antisxeulis Fc 

nawilis efeqtorul funqciebze. 

 zogadad, Tagvis warmomavlobis monoklonuri antisxeulebis an 

maTi funqciuri fragmentebis dasamzadeblad SeiZleba mivmarToT 

teqnikas, kerZod, romelic aRwerilia saxelmZRvaneloSi 

“antisxeulebi” (Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring 

Harbor Laboratory, Cold Spring Harbor NY, pp. 726, 1988) an hibridomebidan 

damzadebis teqnikas, romelic aRwerilia Kohler-is da Milstein-is mier 

(Nature, 256:495-497, 1975). amis Semdeg, SesaZlebelia, magaliTad, 

monoklonuri antisxeulebis gasufTaveba afinuri qromatografis 

svetSi, romelSic winaswar aris imobilizebuli aRniSnuli 

monoklonuri antisxeulebis mier specifikurad amocnobili epitopis 

Semcveli saintereso receptori an misi erT-erTi fragmenti. ufro 

zustad, monoklonuri antisxeulebi SeiZleba gasufTavebul iqnes 

qromatografiiT protein A-ze da/an G-ze, rasac SeiZleba mosdevdes an 

ar mosdevdes ionuri-mimocvlis qromatografia, romlis mizania 

narCeni proteinebiT, aseve dnm da LPS-iT dabinZurebis gamoricxva. amas 

TavisTavad mohyveba an ar mohyveba eliminaciuri qromatografia 

Sepharose gelze, raTa gamoricxul iqnes dimerebis an sxva multimerebis 

TanamyofobiT ganpirobebuli potencialuri agregatebi. ufro 

upiratesad, mTeli es teqnika SeiZleba gamoyenebul iqnes erTdroulad 

an TanamimdevrobiT. 

 mocemuli gamogonebis mixedviT, antisxeulis funqciuri 

fragmenti, aris antisxeulis fragmentebi, rogoricaa Fv, scFv (sc 

aRniSnavs erT jaWvians), Fab, F(ab’)2, Fab’, scFv-Fc fragmentebi anu dimerebi, 

an nebismieri fragmenti, romlis sicocxlis xangrZlivobis 

naxevarperiodi gazrdil iqna qimiuri modifikaciis Sedegad, 
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rogoricaa poli(alkilen)glikolis, magaliTad, 

poli(eTilen)glikolis damateba (“PEGilireba”) (pegilirebul 

fragmentebs aRniSnaven Fv-PEG, scFv-PEG, Fab-PEG, F(ab’)2-PEG an Fab’-PEG) 

(“PEG” poli(eTilen)glikolis aRsaniSnavad), an aRniSnuli 

fragmentebis, romlebsac gaaCnia, sawyisi antisxeulis maxasiaTebeli 

CDR-ebidan, sul mcire, erTi mainc, liposomSi Cadgmis Sedegad. 

 upiratesad, es funqciuri fragmentebi aris Fv, scFv, Fab, F(ab’)2, Fab’, 

scFv-Fc tipis anu dimerebi, romlebsac ZiriTadad bmis igive 

specifikuroba gaaCnia, rac im antisxeuls, romlisganac isini 

warmoiSva. mocemuli gamogonebis mixedviT, gamogonebiT mocemuli 

fragmentebis miReba SesaZlebelia zemoaRwerili antisxeulebis 

enzimebiT, rogoricaa pepsini an papaini, damuSavebis meTodiT da/an 

disulfiduri xidebis gaxleCiT qimiuri aRdgenis saSualebiT. 

gamogonebaSi Semavali antisxeulis fragmentebis sxvagvarad miReba 

SesaZlebelia genetikuri rekombinaciis msgavsi meTodebis gamoyenebiT, 

romlebic kargad aris cnobili dargis specialistebisaTvis, an 

peptidebis sinTezis saSualebiT, magaliTad, peptidis avtomaturi 

sinTezatorebis saSualebiT, romlebis mowodeba xdeba kompaniis 

Applera-s mier. 

 termini “antagonisti” aq aRniSnavs molekulas, romelsac gaaCnia 

samizne molekulis erTi an meti biologiuri aqtivobis inhibirebis 

unari, rogoricaa ujredgare an transmembranuli receptori. 

antagonistebs SeuZliaT imoqmedon ligandTan receptoris bmis 

xelisSeSlis saSualebiT da piriqiT, receptoris fosforilebis 

daqveiTebis saSualebiT da/an ligandiT aqtivirebuli mkvleli 

ujredebis gauvnebelyofiT. antagonists SeuZlia mTlianad dablokos 

receptor-ligandis urTierTqmedebebi an arsebiTad Seasustos aseTi 

urTierTqmedebebi konkurenciis, konformaciis cvlilebis an qvemoTken 

regulirebis saSualebiT. antagonistis intervenciis yvela es saxeoba 

mocemuli gamogonebis miznebisaTvis ekvivalenturebad unda iqnes 

ganxiluli. 

 termini “agonisti” aq gamoyenebulia aRsaniSnavad nebismieri 

naerTis, proteinis, polipeptidis, peptidis, antisxeulis, antisxeulis 
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fragmentis, koniugatis, didi molekulis, mcire zomis molekulis, 

romlebsac gaaCnia samizne molekulis erTi an meti biologiuri 

aqtivobis aqtivaciis unari. 

 Terapiuli antisxeulebis kvlevebSi xSirad gulisxmoben, 

SeZlebisdagvarad, antagonisturi antisxeulebis miRebas. 

 antagonisti antisxeulebis klasikuri magaliTebia Herceptin, 

Pertuzumab, Cetuximab, anti-VEGFR an anti-IGF-1R antisxeulebi. 

 gansakuTrebul nimuSad SeiZleba aRniSnul iqnes anti-cMet 5D5 

antisxeuli, warmoqmnili Genentech-is [WO 96/38557] mier, romelic 

sxvadasxva modelebSi calke damatebisas iqceva rogorc Zlieri 

agonisti. am teqnikuri problemis mosagvareblad saWiro gaxda genuri 

inJineriis saSualebiT am antisxeulis Fab fragmentad anu 

monovalentur antisxeulad (erT-mxarian 5D5-ad) gadaqceva imisaTvis, 

rom mas antagonisturi aqtivobis unari SeeZina. amis Sedegad, aseTi 

antisxeuli ar SeiZleba ganxilul iqnes rogorc antisxeuli, aramed 

iTvleba fragmentad da ar avlens “sruli antisxeulis” 

formatisaTvis damaxasiaTebel yvela upiratesobas (araviTari 

efeqtoruli funqciebi, Semcirebuli klirensi da arsebobis 

naxevarperiodi [2-jer ufro mcire, vidre aqvT tradiciul 

orvalentian antisxeulebs, rogorc aRwerili iyo Poster 411-Si me20 

EORTC-NCI-AACR simpoziumze, Jeneva, oqtomberi 21-24, 2008]). 

 dargis specialistebisaTvis cnobilia, rom efeqtorul 

funqciebSi Sedis, magaliTad, C1q bma; komplementdamokidebuli 

citotoqsikuroba; Fc receptoris bma; antisxeulze-damokidebuli 

ujred-mediatorobiT ganxorcielebuli citotoqsikuroba (ADCC); 

fagocitozi; da ujredis zedapiris receptorebis (mag., B ujredis 

receptoris; BCR) qvemoTken regulireba da arsebobis naxevarperiodis 

gaxangrZliveba gadarCenis receptoris makavSirebeli ligandis (FcRn) 

CarTviT, rogorc aRwerilia, magaliTad, U.S. Patent No. 5,739,277-Si, 

gacemuls 1998 wlis 14 aprils. 
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 mocemuli gamogonebis, erT-erTi aspeqtia aseTi teqnikuri 

problemeis gadaWra, e.i. antisxeulis antagonisturi aqtivobis 

gaumjobeseba, “sruli orvalentiani” formatis SenarCunebiT. 

 unda aRniSnul iqnes aq, rom gamogonebis gamoyeneba SesaZlebelia 

“humanuri Tagvebis” (genetikurad modificirebuli Tagvebi, romlebis 

saSualebiTac iwarmoeba adamianis imunoglobulinebi) imunizaciis 

mocemuli gamogonebis Sedegad miRebuli adamianis antisxeulebis 

agonisturi/antagonisturi aqtivobis modulirebisaTvis an fagebis 

displei-teqnikis gamoyenebiT sruli antisxeulebis agebisaTvis, 

arCeuli scFv, Fab an nebismieri sxva, ekvivalenturi fragmentebidan. 

 sxva klasikuri teqnikuri problema SeiZleba Segvxvdes Tagvis 

antisxeulis qimerizaciis da/an humanizaciis procesSi. Ddargis 

specialistebisaTvis kargad aris cnobili, rom Tu Tagvis antisxeulis 

qimerizaciis da/an humanizaciis procesi savsebiT iolia Teoriulad, 

advili ar aris Tagvis aseTi antisxeulis qimerizaciis da/an 

humanizaciis warmarTva yvela sawyisi Taviseburebis an nawilis 

dakargvis gareSe. qimerulma an humanizebulma antisxeulma SesaZloa 

dakargos misi ADCC, CDC, antagnistur/agonisturi, bmis, (TBC) ... 

aqtivobebi. Mmocemuli gamogonebisaTvis gansakuTebul interess 

warmoadgens Tagvis antisxeulis agonisturi/antagonisturi aqtivobis 

modifikacia qimerizaciis da/an humanizaciis procesis Semdeg. 

 gansakuTrebul nimuSad SeiZleba moyvanil iqnes anti-c-Met 

antisxeulebis nakrebi, romlebic amis Semdeg aRwerili iqneba rogorc 

224G11, 2274H1 da 11E1, romlebic Zlieri antagonisturi Tvisebis Tagvis 

antisxeulebi iyo da nawilobrivi agonistebi gaxda adamianis IgG1 

formatze qimerizaciis Semdeg. Zlieri antagonistebidan nawilobrivi 

agonistebisaken es wanacvleba gamoixata in vivo aqtivobis srul 

dakargvaSi qsenotransplantantur modelebSi. 

 mocemuli gamogonebis mizania am problemebis gadaWra da igi 

gansakuTrebiT exeba specifikuri samizne molekulis winaaRmdeg 

mimarTuli monoklonuri antisxeulis, an misi orvalentiani funqciuri 

fragmentis an warmoebulis antagonisturi aqtivobis gaumjobesebis 

process, amasTan aRniSnul antisxeuls gaaCnia aRniSnuli samizne 
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molekulis erTi an meti biologiuri aqtivobis inhibirebis unari, 

xolo aRniSnul procesSi Sedis antisxeulis saxsruli ubnis 

rekonfiguraciis etapi, romelic Seicavs aRniSnuli saxsruli ubnis 

aminomJavebis Tanamimdevrobis modifikacias, sul mcire, erTi mainc 

aminomJavas deleciis, damatebis an Canacvlebis saSualebiT. 

 naTelia, rom gamoTqma “antagonisturi aqtivobis gaumjobeseba” 

unda interpretirebul iqnes yvelaze farTo gagebiT, e.i. rogorc 

sasurveli Sedegis miReba. meqanikurad, aseTi Sedegis miReba 

SesaZlebelia antisxeulis damaxasiaTebeli antagonisturi aqtivobis 

gaumjobesebis da/an arsebuli agonisturi aqtivobis Semcirebis 

saSualebiT. 

 ufro zustad, terminebis ZiriTadi gansazRvrebebi raodenobriv 

farmakologiaSi dafuZnebulia ganaxlebul rekomendaciebze, romlebic 

mocemulia International Union of Pharmacology (IUPHAR) Committee on receptor 

Nomenclature (ixileT Neubig et al., 2003)-Si. 

 termini “agonisti” aRniSnavs ligands (nebismieri tipis 

molekulas), romelic bmaSi Sedis receptorTan da cvlis receptoris 

mdgomareobas, rac gamoixateba mis stimulatorul an gazrdil 

biologiur reaqciaSi. agonistebs SeuZliaT sruli agonistebiviT an 

nawilobrivi agonistebiviT moqmedeba: 

- sruli agonisti: rodesac agonistis mier inducirebuli 

receptoris gaRizianeba aRwevs sistemisaTvis damaxasiaTebeli reaqciis 

unaris maqsimums, maSin miiReba sistemis maqsimaluri reaqcia da 

agonisti aris sruli agonisti am sistemaSi. ramodenime agonistma 

SesaZlebelia rom gamoamJRavnos erTnairi maqsimaluri reaqcia, maSin 

isini yvela aris sruli agonisti am eqsperimentul sistemaSi. 

- nawilobrivi agonisti: aris molekula, romelic mocemul 

qsovilSi, specifikur pirobebSi, ver amJRavnebs did zegavlenas (im 

SemTxvevaSic ki, rodesac gamoyenebulia iseTi maRali koncentraciiT, 

rom yvela receptori unda iyos dakavebuli), rogoric SeuZlia 

gamoavlinos igive sistemaSi imave receptorebis saSualebiT moqmedma 

srulma agonistma. nawilobrivi agonistebi, ZiriTadad, nawilobrivi 

antagonistebic arian, vinaidan sruli agonistis Tanamyofobisas isini 
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amcireben aRniSnuli sruli agonistis maqsimalur reaqcias sakuTar 

maqsimalur reaqciamde. sruli da nawilobrivi agonistis es 

gansazRvra sistema-damokidebulia da erT sistemaSi an erTi gazomvis 

dros sruli agonisti SeiZleba nawilobrivi agonisti iyos sxva 

sistemaSi. 

termini “antagonisti” aRniSnavs molekulas, romelic asustebs 

sxva samkurnalo saSualebis, ZiriTadad agonistis, moqmedebas. mravali 

antagonisti imave receptoris makromolekulaze moqmedebs, rac 

agonisti. 

 - antagonizmis efeqturoba SeiZleba rom iyos sruli iq, sadac 

sistemis reaqcia antagonistisa da agonistis Tanamyofobisas 

Seesabameba am sistemis bazalur (nebismieri ligandis gareSe) 

aqtivobas. 

 - antagonisti SeiZleba moqmedebdes rogorc nawilobrivi 

antagonisti, rodesac maqsimaluri inhibireba (im SemTxvevaSic ki, 

rodesac gamoyenebulia iseTi maRali koncentraciiT, rom yvela 

receptori unda iyos dakavebuli am antagonistiT), gamomJRavnebuli 

antagonistisa da agonistis Tanamyofobis saSualebiT, sistemis 

bazalur aqtivobaze metia.  

 - antagonizmi SeiZleba iyos konkurentuli, rodesac agonistisa 

da antagonistis bma urTierTgamomricxavia. es SeiZleba moxdes imis 

gamo, rom agonisti da antagonisti konkurirebs erTi da igive 

adgilisaTvis an gaerTianebulad erTmaneTis gadamfarav momijnave 

adgilebisaTvis. mesame SesaZlebloba imaSi mdgomareobs, rom CarTuli 

aris bmis sxvadasxva adgilebi, magram isini ise moqmedebs receptoris 

makromolekulaze, rom agonist da antagonist molekulebs ar 

SeuZliaT erTi da imave dros bma. 

 arakonkurentul antagonizms adgili aqvs, rodesac agonists da 

antagonists SeuZliaT receptorTan erTdroulad bma; antagonistis 

bma amcirebs an xels uSlis agonistis moqmedebas agonistis bmaze 

raime gavleniT an mis gareSe. 

 deleciis, damatebis an Canacvlebis ganxorcieleba SesaZlebelia 

klasikurad, dargis specialistisaTvis cnobili nebismieri xerxiT. 
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 dargis specialistebma mocemul dnm-is TanamidevrobaSi 

damatebebis, deleciebisa da inserciebis warmosaqmnelad SeiZleba rom 

gamoiyenon ramodenime meTodi. SezRudvebis gareSe, SeiZleba aRiniSnos 

dnm-is nawilobrivi damuSaveba pankreatuli dnmse I-iT, dnm-is 

nawilobrivi damuSaveba restrikciis enzimebiT, linker-dafuZnebuli 

CarTvebis mutantebi, deleciebis CarTuli simravlis mutantebi  BAL31 

nukleazas, dnmse I an ekzonukleaza III gamoyenebiT. es meTodebi 

yovelmxriv aris aRwerili laboratoriul saxelmZRvaneloebSi, 

rogoricaa Molecular Cloning, A Laboratory manual (Sambrook, Fritsch and Maniatis). 

dnm molekulaSiDdeleciebis, inserciebis an adgilze-mimarTuli 

mutagenezis ganxorcielebisaTvis aseve SeiZleba gamoyenebul iqnes 

PCR-dafuZnebuli meTodebi, rogoricaa gadafarva-gafarToebuli PCR 

(Wurch et al., 1998), da es meTodebi amiT ar Semoifargleba. adgilze 

mimarTuli mutagenezis ganxorcielebisaTvis SesaZlebelia ramodenime 

sxva xerxis gamoyenebac, magaliTisaTvis da ara SezRudvis mizniT, 

SeiZleba dasaxelebul iqnes oligonukleotid-dafuZnebuli 

mutagenezi, romelic efuZneba erT- an ormagi-praimeris meTodebs, 

Kunkel-is meTodi, romelic dafuZnebulia uracilis CarTvaze (Kunkel, 

1985). es meTodebi detalurad aris aRwerili laboratoriul 

saxelmZRvaneloebSi, rogoricaa Molecular Cloning, A Laboratory manual 

(Sambrook, Fritsch and Maniatis). 

 damatebis araSemzRudvel magaliTad SeiZleba dasaxelebul iqnes 

prolinis damateba saxsrul ubanSi an mis mimdebared. 

gamogonebiT mocemuli procesis upiratesi ganxorcielebis 

nimuSSi aRniSnuli modifikacia arCeulia: 

i) aRniSnuli saxsruli ubnis aminomJavebis Tanamimdevrobis, 

sul mcire, erTi mainc aminomJavas deleciidan; da/an 

ii) aRniSnul saxsrul ubanSi, sul mcire, erTi mainc 

disulfiduri xidis damatebidan. 

gamogonebis naTlad ganmartebis mizniT, pirvel rigSi 

detalizebuli iqneba pirveli aspeqti (i), xolo Semdeg meore (ii) 

aspeqti. Ggasagebi unda iyos, rom aseTi rigiToba mxolod formaluria 
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da orive es aspeqti erTnairi mniSvnelobisaa, rac cxadi gaxdeba amis 

Semdeg. 

gansakuTrebul ganxorcielebis nimuSSi saxsruli ubnis 

aminomJavebis Tanamimdevrobis modificirebis gza mdgomareobs 

aRniSnuli saxsruli ubnis aminomJavebis Tanamimdevrobis, ara umetes, 

vidre 2, 3 an 4 aminomJavas deleciaSi. 

gamogonebis gansakuTrebuli aspeqti imaSi mdgomareobs, rom 

aRniSnuli monoklonuri antisxeuli orvalentiani antisxeulia. 

realurad, rogorc qvemoT iqneba naCvenebi, SesaZlebelia antisxeulis 

agonisturi/antagonisturi aqtivobis modulacia aRniSnuli 

antisxeulis struqturis modulaciis saSualebiT. jer gadmocemuli 

iqneba aseTi agonisturi/antagonisturi aqtivobis modulaciis 

originaluri gza antisxeulis orvalentiani formis imavdrouli 

SenarCunebiT, risi mizania iseTi sasargeblo Tvisebebis SenarCuneba, 

rogoricaa arsebobis xangrZlivobis didi naxevarperiodi an 

efeqtoruli funqciebi. 

aq SeiZleba aseve aRniSnul iqnes, rom im SemTxvevaSi, Tu dargSi 

ukve moxseniebuli iyo efeqtoruli funqciebis gazrdis mizniT 

saxsruli ubnis modifikaciis Sesaxeb, piriqiT, monoklonuri 

antisxeulis agonisturi/antagonisturi aqtivobis modulaciis mizniT 

saxsruli ubnis modifikaciis Sesaxeb arsad arasdros ar yofila 

moxseniebuli. es aSkarad mocemuli gamogonebis sagania, romelic 

sruliad axalia dargSi. 

gamogonebiT mocemuli procesis erTi aspeqtis mixedviT, 

monoklonuri antisxeuli aris qimeruli antisxeuli. 

“qimeruli” antisxeuli iseTi antisxeulia, romelic Seicavs 

mocemuli saxeobis antisxeulidan miRebul bunebriv variabelur 

(msubuqi jaWvi da mZime jaWvi) ubans, aRniSnuli mocemuli saxeobis 

heterologiuri saxeobis (mag., Tagvis, cxenis, bocveris, ZaRlis, 

Zroxis, wiwilis da a.S.) msubuqi da mZime jaWvis mudmiv ubnebTan 

kombinaciaSi. 

gamogonebis mixedviT qimeruli tipis antisxeulebis an maTi 

fragmentebis damzadeba SesaZlebelia genetikuri rekombinaciis 
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teqnikis gamoyenebiT. magaliTad, qimeruli antisxeuli SeiZleba 

warmoebul iqnes rekombinantuli dnm-is klonirebiT, romelic Seicavs 

promotors da Tanamimdevrobas, romliTac kodirebulia gamogonebiT 

mocemuli arahumanuri, kerZod, Tagvis monoklonuri antisxeulis 

variabeluri ubani, da Tanamimdevrobas, romliTac kodirebulia 

adamianis antisxeulis mudmivi ubani. aseTi rekombinantuli geniT 

kodirebuli gamogonebiT mocemuli qimeruli antisxeuli iqneba, 

magaliTad, Tagvi-adamianis qimera da am antisxeulis specifikuroba 

ganisazRvreba Tagvis dnm-idan miRebuli variabeluri ubniT, xolo misi 

izotipi ganisazRvreba adamianis dnm-idan miRebuli mudmivi ubniT. rac 

Seexeba qimeruli antisxeulebis damzadebis meTodebs, amisaTvis 

SeiZleba mivmarToT dokumentebs Verhoeyn et al. (BioEssays, 8:74, 1988), 

Morrison et al. (Proc. Natl. Acad. Sci. USA 82:6851-6855, 1984) an US Patent No. 

4,816,567. 

gamogonebiT mocemuli procesis meore aspeqtis mixedviT, 

monoklonuri antisxeuli aris humanizebuli antisxeuli. 

“humanizebuli antisxeuli” iseTi antisxeulia, romelic Seicavs 

CDR ubnebs, miRebuls arahumanuri warmomavlobis antisxeulidan, 

xolo antisxeulis molekulis sxva nawilebi warmoebulia erTi (an 

ramodenime) adamianis antisxeulebidan an Canasaxis xazis 

Tanamimdevrobebidan. garda amisa, SesaZlebelia antisxeulis ConCxis 

segmentebis (e.w. FR) zogierTi naSTis modificireba, raTa Senaxul iqnes 

bmis afinuroba (Jones et al., Nature, 321:522-525, 1986; Verhoeyen et al., Science, 

239:1534-1536, 1988; Riechmann et al., Nature, 332:323-327, 1988). 

gamogonebis mixedviT humanizebuli antisxeulebis an maTi 

fragmentebis damzadeba SesaZlebelia dargis specialistebisaTvis 

cnobili xerxebiT (rogoricaa, magaliTad, aRwerili dokumentebSi 

Singer et al., J. Immun. 150:2844-2857, 1992; Mountain et al., Biotechnol. Genet. Eng. Rev., 

10:1-142, 1992; an Bebbington et al., Bio/Technology, 10:169-175, 1992). 

humanizaciis sxva meTodi, romelic cnobilia dargis 

specialistebisaTvis, aris “CDR damynobis” meTodi, romelic 

aRwerilia Protein Design Lab (PDL) mier, patentis ganacxadebSi EP 0 451 216, 
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EP 0 682 040, EP 0 939 127, EP 0 566 647 an US 5,530,101, US 6,180,370, US 5,585,089 

da US 5,693,761. SeiZleba aseve aRiniSnos momdevno patentis 

gamnacxadebic: US 5,639,641; US 6,054,297; US 5,886,152 da US 5,877,293. 

gamogonebiT mocemuli procesis kidev sxva aspeqtis  mixedviT, 

monoklonuri antisxeuli aris adamianis antisxeuli. 

terminSi “adamianis antisxeuli” Sedis yvela antisxeuli, 

romelsac gaaCnia erTi an meti variabeluri da mudmivi ubani, romelic 

warmoebulia adamianis imunoglobulinis Tanamimdevrobebidan. 

gamogonebisUupiratesi ganxorcielebis nimuSSi yvela variabeluri da 

mudmivi domenebi (an ubnebi) warmoebulia adamianis imunoglobulinis 

Tanamimdevrobidan (adamianis sruli antisxeuli). sxva sityvebiT rom 

vTqvaT, masSi Sedis yvela antisxeuli, romelsac gaania variabeluri 

da mudmivi ubnebi (Tu gaaCnia), romlebic nawarmoebia adamianis 

Canasaxis xazis imunoglobulinis Tanamimdevrobebidan, e.i. romelsac 

gaaCnia Tanamimdevroba, Sesabamisi adamianis mier nawarmoebi 

antisxeulis aminomJavebis Tanamimdevrobisa da/an damzadebulia dargis 

specialistebisaTvis cnobili adamianis antisxeulebis damzadebis 

nebismieri teqnikis gamoyenebiT. 

erT-erT ganxorcielebis magaliTSi adamianis monoklonuri 

antisxeulebi nawarmoebia hibridomas saSualebiT, romelic Seicavs B 

ujreds, miRebuls transgenuli cxovelisagan, garda adamianisa, 

magaliTad, transgenuli Tagvisagan, romelsac gaaCnia gaukvdavebul 

ujredTan Serwymuli adamianis mZime jaWvis transgeni da msubuqi 

jaWvis transgeni. 

aseTi transgenuli Tagvis magaliTad SeiZleba aRniSnul iqnes 

XENOMOUSETM, romelic warmoadgens genuri inJineriis saSualebiT 

gamoyvanili Tagvis Stams. igi Seicavs adamianis imunoglobulinis 

lokusebis did fragmentebs da igi arasrulyofilia Tagvis 

antisxeulebis sawarmoeblad (Green at al., 1994, Nature Genetics, 7:13-21). 

XENOMOUSETM–is saSualebiT xdeba mozrdili adamianis sruli 

antisxeulebis mTeli repertuaris warmoeba da adamianis monoklonuri 

antigen-specifikuri antisxeulebis warmoqmna. XENOMOUSETM–is meore 
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Taoba Seicavs adamianis antisxeulebis repertuaris daaxloebiT 80%-s 

(Green & Jakobovits, 1998, J. Exp. Med., 188:483-495). 

gamogonebiT mocemuli adamianis antiseulebis warmoqmnisaTvis 

SesaZlebelia agreTve dargis specialistebisaTvis cnobili nebismieri 

sxva teqnikis, rogoricaa, magaliTad, fagebis displei, gamoyenebac. 

gamogonebiT mocemuli procesis gamoyeneba SesaZlebelia 

saxsruli ubnis Semcveli nebismieri tipis imunoglobulinebisaTvis, 

e.i. IgA, IgD da IgG-Tvis. 

magaliTisaTvis, IgA izotipisaTvis IgA1-is saxsruli ubani 

Seicavs aminomJavebis Tanamimdevrobas PSTPPTPSPSTPPTPSPS (SEQ ID NO. 8) 

da IgA2-is saxsruli ubani Seicavs Tanamimdevrobas PPPPP (SEQ ID No. 9). 

amis msgavsad, IgD-s saxsruli ubani Seicavs aminomJavebis 

Tanamimdevrobas SPKAQASSVPTAQPQAEGSLAKATTAPATTRNTRGGEEKKKEK 

EKEEQEERETKTP (SEQ ID No. 10). 

gamogonebis gansakuTrebuli ganxorcielebis nimuSad upiratesia 

IgG-s gamoyeneba, IgG1, IgG2, IgG3 an IgG4-is CaTvliT. 

IgG-is sxvadasxva izotipis saxsruli ubnis Sesabamisi 

aminomJavebis Tanamimdevrobebia: 

PKSCDKTHTCPPCP (SEQ ID No. 11) IgG1-Tvis, 

RKCCVECPPCP (SEQ ID No.7) IgG2-Tvis, 

LKTPLFTGDTTHTCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPEPKSCDT

PPPCPRCP (SEQ ID No. 12) IgG3-Tvis, da 

SKYGPPCPSCP (SEQ ID No. 13) IgG4-Tvis. 

kidev ufro ukeTesia upiratesad IgG1-is gamoyeneba. Terapiuli 

antisxeulebis sferoSi, da ufro zustad ki kibos samkurnalod, 

upiratesia IgG1-is warmoqmna iseTi efeqtoruli funqciebis misaRebad, 

rogoricaa ADCC da CDC, samizne antigenTan specifikur bmasTan 

dakavSirebul funqciebTan erTad. 

gamogonebiT mocemuli procesi gansxvavdeba imiT, rom aRniSnuli 

monoklonuri antisxeuli aris IgG1. 

“samizne molekula”, gamogonebis mixedviT, aris nebismieri 

molekula, romelTanac monoklonur antisxeuls SeuZlia 
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specifikurad bma an misi aqtivobis modulacia. zogadad, aseT samizne 

molekulas SeiZleba “antigeni” ewodos. 

samizne molekulis araSemzRudav magaliTad SeiZleba aRniSnul 

iqnes xsnadi ligandebi, receptorebi, rogoricaa transmembranuli 

receptorebi, kibos membranuli markerebi da a.S. 

gamogonebis upiratesi ganxorcielebis nimuSSi aRniSnuli 

samizne molekula aris transmembranuli receptori. 

gamoTqma “transmembranuli receptori” exeba iseT proteins, 

romelic vrceldeba ujredis plazmis membranaSi ujredgare proteinis 

domeniT, romelsac ligandTan bmis unari gaaCnia, da ujredSiga 

domeniT, romelsac ligandis bmisas aqtivobis (rogoricaa protein 

kinaza) cvlilebis (an zrdis an Semcirebis) unari gaaCnia. sxva 

sityvebiT rom vTqvaT, transmembranuli receptorebi aris 

integraluri membranuli proteinebi, romlebic imyofeba da 

Cveulebriv moqmedebs  ujredis plazmis membranis SigniT, magram aseve 

subujredul nawilebisa da organelebis membranebSi. membranis erT 

mxareze masignalebel molekulasTan, an zogjer aseTi molekulebis 

wyvilTan bmisas, transmembranuli receptori inicirebs reaqcias meore 

mxareze. am gziT isini asruleben unikalur da mniSvnelovan rols 

ujredovan komunikaciebSi da signalebis gadacemaSi. 

mravali transmembranuli receptori Sedgeba ori an meti 

proteinuli suberTeulisgan, romlebic koleqtiurad moqmedebs da 

SeuZliaT disociacia ligandebis bmis, mocilebis an maTi “aqtivaciis” 

ciklis sxva etapebze. maTi klasifikacia xSirad xdeba maTi 

molekuluri struqturis safuZvelze an, radganac maTi struqtura 

detalurad ucnobia, zogi receptoris gamoklebiT, maT hipoTezur 

(zogjer eqsperimentulad dadasturebuli) membranis topologiis 

safuZvelze. aris nawinaswarmetyvelebi, rom umartivesi receptoris 

polipeptiduri jaWvebi mxolod erTxel hkveTs lipidur bifenas, maSin 

roca sxvebi aranakleb vidre Svidjer (egreTwodebuli G-proteinTan 

bmuli receptorebi an GPCR-ebi) da metadac. 

nebismieri integraluri membrabuli proteinis msgavsad, 

transmembranuli receptori SeiZleba daiyos sam nawilad, anu 
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domenebad, ujredgare domenad, transmembranul domenad da ujredSiga 

domenad. 

ujredgare domeni aris receptoris is nawili, romelic 

gamoSverilia membranidan ujredis an organelas gareT. Tu 

receptoris polipeptiduri jaWvi ramodenimejer hkveTs bifenas, maSin 

gare domeni SeiZleba Seicavdes membranidan gamoSveril ramodenime 

“maryuJs”. gansazRvris mixedviT, receptoris mTavari funqciaa 

specifikuri ligandis amocnoba da reagireba, magaliTad, 

neirotransmiteris an hormonis (Tumca, zogi receptori reagirebs 

aseve transmembranuli potencialis cvlilebazec), xolo mraval 

receptorSi es ligandebi ukavSirdeba ujredgare domens. 

im receptorebis umravlesobis SemTxvevaSi, romlebis struqtura 

damtkicebulia, transmembranuli alfa spiralebi warmoadgens 

transmembranuli domenebis umetesobas. zogierTi receptoris 

SemTxvevaSi, rogoricaa nikotinis acetilqolinis receptori, 

transmembranuli domeni qmnis membranaSi gamaval protein-amogebul 

fors anu ionur arxs. Sesaferis ligandTan bmis saSualebiT 

ujredgare domenis aqtivaciisas, fori ionebisaTvis gasavali xdeba da 

isini masSi gaivlian. sxva receptorebSi fiqroben, rom 

transmembranuli domenebi bmisas ganicdian konformaciul 

cvlilebebs, rac gavlenas axdens ujredis SigniT mdgomareobaze. 

zogierT receptorebSi, rogoricaa 7TM superojaxis wevrebi, 

transmembranuli domeni SeiZleba Seicavdes ligandis bmis jibes. 

receptoris ujredSiga (an citoplazmuri) domeni 

urTierTqmedebs ra ujredis an organelas Siga nawilTan, 

uzrunvelyofs signalis gadacemas. arsebobs am urTierTqmedebis 

fundamentalurad gansxvavebuli ori gza: a) ujredSiga domeni 

specifikuri protein-protein urTierTqmedebebis saSualebiT 

ukavSirdeba efeqtor proteinebs, romlebic Tavis mxriv agzavnian 

signals masignalebeli jaWvis gaswvriv daniSnulebis adgilas, da b) 

enzim-dakavSirebuli receptorebiT ujredSiga domens gaaCnia 

enzimaturi aqtivoba. xSirad es aris tirozinkinazas aqtivoba. 

16 
 

GE P 2013 5931 B



enzimatur aqtivobas SeiZleba aseve adgili hqondes ujredSiga 

domenTan asocirebul enzimze. 

ujredisaTvis arsebobs transmembranuli domenis regulirebis 

ramodenime gza. maTi umetesoba moqmedebs ujredSiga domenis 

meSveobiT. yvelaze mniSvelovani gzebia fosforileba da 

internalizacia (ixileT ubikvitini) an meoradi mesenjer kaskadebis, 

rogoricaa cAMP, IP, Ca2+ an cGMP, aqtivacia. 

yvela membranuli proteini, romelic amJRavnebs enzimatur 

aqtivobas, SeiZleba gaxdes gamogonebiT aRwerili modifikaciebis 

mqone antisxeulebis samizne. magaliTisaTvis da ara SezRudvis mizniT, 

SeiZleba aRniSnul iqnes matricul metaloproteazas (MMP) ojaxi,  

dezintegrinis da metaloproteazas domenis proteazas (ADAM)   

ojaxi, adenilat ciklazebi, ... 

yvela membranuli proteini, romlebic moqmedebs rogorc ionuri 

arxebi, forebi da transporterebi, SeiZleba iyos winamdebare 

gamogonebaSi aRwerili modifikaciebis mqone antisxeulebis samizne. 

magaliTisaTvis da ara SezRudvis mizniT, SeiZleba dasaxelebul iqnes 

natriumis arxebis ojaxi, kaliumis arxebis ojaxi, nikotinis 

acetilqolinis receptoris ojaxi, sigma receptorebi, monoaminis 

transporteris ojaxi. 

ufro farTod SeiZleba aRiniSnos, rom yvela membranuli 

proteini, romelic ki identificirebulia rogorc mocemuli 

daavadebis markeri, aseve SeiZleba gaxdes antisxeulebiT mkurnalobis 

samizne da es antisxeulebic aseve SeiZleba rom gaumjobesebul iqnes 

gamogonebaSi aRwerili modifikaciebis saSualebiT. 

gamogonebis upiratesi ganxorcielebis nimuSSi aRniSnuli 

transmembranuli receptori arCeulia jgufidan, romelSic Sedis: 

tirozinkinazas receptori, tetraspanini da GPCR-ebi. 

ufro upirates ganxorcielebis nimuSSi aRniSnuli 

transmembranuli receptori aris tirozinkinazas receptori, romelic 

upiratesad arCeulia jgufidan, romelSic Sedis IGF-1R, c-Met, RON, Ax1, 

VEGF, VEGFR, Her-2neu, ErbB ojaxis homodimerebi da heterodimerebi da 

a.S. 
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mocemul ganacxadSi, da ufro zustad momdevno specifikaciaSi, 

Tanamimdevrobebi gansazRvruli iqneba IMGT-s mixedviT. IMGT-s 

numeraciis unikaluri sistema gansazRvrulia nebismieri antigenis 

receptoris variabeluri domenis, jaWvis tipis an saxeobebis 

SedarebisaTvis [Lefranc M.-P. Immunology Today 18, 509 (1997); Lefranc M.-P., The 

Immunologist, 7, 132-136 (1999); Lefranc M.-P., Pommie, C., Ruiz, M., Giudicelli, V., 

Foulquier E., Truong, L., Thouvenin-Contet V. and Lefranc, Dev. Comp. Immunol., 27, 55-77 

(2003)]. IMGT-s unikaluri numeraciiT Senaxul aminomJavebs yovelTvis 

erTi da igive pozicia aqvT, magaliTad, cistein 23 (1st-CYS), triftofan 

41 (CONSERVED-TRP), hidrofobuli aminomJava 89, cistein 104 (2nd-CYS), 

fenilalanini an triftofani 118 (J-PHE an J-TRP). IMGT-s numeraciis 

unikaluri sistema uzrunvelyofs karkasuli ubnebis (FR1-IMGT: 

poziciebi 1-dan 26-mde, FR2-IMGT: 39-dan 55-mde, FR3-IMGT: 66-dan 104-mde 

da FR4-IMGT: poziciebi 118-dan 128-mde) da komplementarulobis 

ganmsazRvreli ubnebis: CDR1-IMGT: 27-dan 38-mde, CDR2-IMGT: 56-dan 65-

mde da CDR3-IMGT: 105-dan 117-mde, standartizebuli sazRvrebis 

gansazRvras. vinaidan Sualedebi (carieli adgilebi) daukavebel 

poziciebs aRniSnavs, CDR-IMGT sigrZeebi (romlebic mocemulia 

frCxilebs Soris da gamoyofilia wertilebiT, magaliTad, [8.8.13]), 

kritikul informaciad gvevlineba. IMGT unikaluri numeracia 

gamoyenebulia 2D grafikul warmodgenebSi, romlebsac IMGT-s Colliers de 

Perles-margalitis yelsabams uwodeben [Ruiz, M. and Lefranc, M.-P., 

Immunogenetics, 53, 857-883 (2002); Kaas, Q. and Lefranc, M.-P., Current Bioinformatics, 

2, 21-30 (2007)] da 3D struqturebSi, IMGT/3Dstructure-DB [Kaas, Q., Ruiz, M. and 

Lefranc, M.-P., T cell receptor and MHC structural data. Nucl. Acids. Res., 32, D208-D210 

(2004)]. 

dargis specialistebs SeuZliaT IMGT sistemis mixedviT 

aRwerili gamogonebis transponireba numeraciis nebismier sxva 

sistemaSi, rogoricaa, magaliTad, Kabat-is numeraciis sistema. 

IMGT-s numeraciis unikaluri sistema yvela saxeobis IG da TR V-

REGION-Tvis efuZneba variabeluri ubnis struqturis maRal 

konservacias. am numeraciiT Seqmnilia, daregulirebis Semdeg, 5 000-ze 
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meti Tanamimdevroba, mxedvelobaSia miRebuli da gaerTianebulia 

karkasuli (FR) da komplementarulobis ganmsazRvreli (CDR) ubnebi, 

struqturuli monacemebi, X-sxivebiTY difraqcviuli kvlevebidan da 

hipervariabeluri maryuJebis maxasiaTeblebi. gansazRvrul iqna FR-

IMGT da CDR-IMGT sazRvrebi. msgavsad amisa, IMGT-s numeraciis 

unikaluri sistema gamoyenebul iqna C-DOMAIN-Tvis da Ig-msgavs 

domenebis zusti delimitaciis (sazRvrebis gansazRvris) saSualebas 

iZleva. imunoglobulinis (IG) tipisgan damokidebulebiT, C-DOMAIN 

(C_domeni) Seesabameba srul C-REGION-s (C-ubans), C-ubnis umetesobas 

an mxolod C-ubnis nawils. 

IMGT numeracia C-DOMAIN-Tvis (IG da TR) nawarmoebia rogorc 

IMGT-s unikaluri numeracia V-DOMAIN-Tvis, princepsidan IMGT-s 

unikaluri numeraciisa V-REGION-Tvis (ubnisaTvis), 104 poziciamde. 

amitom, advilad aris SesaZlebeli aminomJavebis poziciebis Sedareba 

C-DOMAIN-s (domens) da V-DOMAIN (domens) Soris. 

saxsruli ubnebis zusti ganlagebis mizniT, C-domenisaTvis IMGT 

numeracia gamoyenebul iqna CH1 da CH2 domenebis zusti 

ganlagebisaTvis. saxsruli ubani Seicavs yvela aminomJavas naSTs 

IMGT-CH1 bolo naSTsa da IMGT-CH2 pirvel naSTs Soris. 

Mmocemul gamogonebaSi CarTulia agreTve erTi da igive 

saxsruli domenis gadamfaravi yvela sxva numeraciis sqemebi, 

rogoricaa Kabat-is an A. Honegger-is. 

rogorc gamogonebis upiratesi ganxorcielebis nimuSi, 

zemoaRwerili IMGT numeraciis sistemaze dayrdnobiT, IgG1-is 

saxsruli ubnis aminomJavebis Tanamimdevroba Seicavs naSTebs H1-dan 

H14-mde, segmentiT H1-dan H9-mde, romelic Seesabameba zeda saxsrul 

ubans da segmentiT H10-dan H14-mde, romelic Seesabameba centralur 

saxsrul ubans. ufro zustad, adamianis IgG1-is saxsruli ubani 

Seicavs aminomJavebis Tanamimdevrobas PKSCDKTHTCPPCP (SEQ ID No. 11), 

xolo Tagvis IgG1-is saxsruli ubani Seicavs aminomJavebis 

Tanamimdevrobas PRDCGCKPCICT (SEQ ID No. 14). 
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cxrili 1 

saxsruli 

ubani 

numeracia adam.-IgG1 

(SEQ ID 

No.11) 

Tagv.-IgG1 

(SEQ ID 

No.14) 

adam.-IgG1 

(SEQ ID 

No.7) 

adam.-IgG1 

(SEQ ID 

No.11) 
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gamogonebis upirates ganxorcielebaSi ganxilulia modifikacia, 

romelic miznad isaxavs im proteinuli Tanamimdevrobis sigrZis 

Semcirebas, romeliTac kodirebulia orvalentiani antisxeulis 

saxsruli ubani. ufro zustad, gamogonebiT mocemuli procesi Seicavs 

saxsrul ubanSi, sul mcire, erTi mainc aminomJavas deleciis etaps. 

rogorc aRniSnuli iyo, aRniSnul saxsrul ubanSi upiratesia 

araumetes vidre 2 aminomJavas delecia. 

rogorc aRniSnuli iyo, aRniSnul saxsrul ubanSi upiratesia 

araumetes vidre 3 aminomJavas delecia. 

rogorc aRniSnuli iyo, aRniSnul saxsrul ubanSi upiratesia 

araumetes vidre 4 aminomJavas delecia. 

gamogonebiT mocemuli procesis gamoyenebis gansakuTrebul 

SemTxvevaSi, modifikaciaSi Sedis, sul mcire, delecia mainc 
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aminomJavasi, romelic arCeulia aminomJavebidan poziciaSi H1, H2, H3, 

H5, H6, H7, H8, H9, H11, H12 an H14. 

ufro zustad, gamogonebaSi naCvenebia, rom misi gansakuTrebuli 

aspeqti mdgomareobs gansazRvruli naSTebis arCevaSi. 

IgG1-is upirates SemTxvevaSi, aminomJava poziciaze H1 warmoadgens 

prolins; aminomJava poziciaze H2 warmoadgens lizins adamianis 

versiaSi da arginins Tagvis versiaSi; aminomJava poziciaze H3 

warmoadgens serins adamianis versiaSi da aspartats Tagvis versiaSi; 

aminomJava poziciaze H5 warmoadgens aspartats adamianis versiaSi da 

glicins Tagvis versiaSi; aminomJava poziciaze H6 warmoadgens lizins; 

aminomJava poziciaze H8 warmoadgens histidins adamianis versiaSi da 

lizins Tagvis versiaSi; aminomJava poziciaze H9 warmoadgens Treonins 

adamianis versiaSi da prolins Tagvis versiaSi; aminomJava poziciaze 

H11 warmoadgens prolins adamianis versiaSi da izoleicins Tagvis 

versiaSi; da aminomJava poziciaze H12 warmoadgens prolins adamianis 

versiaSi. 

upiratesi ganxorcielebis nimuSis mixedviT, es delecia unda 

Sesrulebul iqnes “zeda saxsaris” ubanSi. 

ufro upirates ganxorcielebis nimuSSi es delecia warmoadgens 

“zeda saxsaris” nawils, romelic IgG1-Tvis Sedgeba, magaliTad, 

aminomJavebidan H1-dan H9-mde, gansxvavebiT “centraluri saxsarisagan”, 

romelic Sedgeba aminomJavebisagan H10-dan H14-mde. 

zemoaRwerilis Tanaxmad, warmodgenil ganacxadSi aminomJavebis 

numeracia ganxorcielebulia IMGT sistemaSi. cxadia, rom nebismieri 

sxva numeraciis sistema, numeraciis, magram ara saxsrul ubanSi 

CarTuli naSTebis bunebis modifikaciiT, unda ganxilul iqnes, 

rogorc ekvivalenturi. magaliTisaTvis, gamogonebis 

identificirebuli aminomJavebis nawilis (IMGT sistemis mixedviT) 

renumeracia Kabat-is sistemaSi unda ekvivalenturad iqnes ganxiluli. 

gamogonebis sxva aspeqti dafuZnebulia, sul mcire, erTi mainc 

cisteinis deleciaze “zeda saxsaris” ubanSi, upiratesad, poziciaze H4 

mdebare cisteinisa. 
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gamogonebis kidev sxva aspeqti dafuZnebulia, sul mcire, erTi 

mainc disulfiduri xidis damatebaze saxsrul ubanSi. 

ufro zustad, gamogonebiT mocemuli procesi gansxvavdeba imiT, 

rom modifikacia mdgomareobs, sul mcire, erTi mainc cisteinis 

SeyvanaSi “zeda saxsaris” ubanSi. 

gamogonebis mixedviT amis axsna efuZneba saxsruli ubnis 

SesaZlo “gaxistebas” sigrZis Semcirebis da/an kidev sxva 

disulfiduri xidis Seyvanis Sedegad. aseTi “gaxisteba” antisxeulis 

Sesaferisi sivrculi konformaciis saSualebas iZleva 

gaumjobesebuli antagonisturi aqtivobis SedegiT. 

aSkaraa, rom nebismieri sxva xerxi, romelic miznad isaxavs 

saxsruli ubnis gaxistebas, unda ganxilul iqnes gamogonebiT 

mocemuli procesis ekvivalentur meTodad. 

cisteinis Seyvana SeiZleba ganxorcielebul iqnes aseTi 

aminomJavas damatebis saSualebiT da am damatebis ganxorcieleba 

SesaZlebelia dargis specialistebisaTvis cnobili nebismieri xerxiT. 

saxsrul ubanSi cisteinis Seyvanis meore upiratesi gzaa, sul 

mcire, erTi mainc aminomJavas Canacvleba. 

ufro zustad, saxsrul ubanSi cisteinis Seyvanis upiratesi gzaa, 

sul mcire, H1-dan H9-mde poziciebis aminomJavebidan arCeuli 

aminomJavas Canacvleba. aseTi Canacvlebis Sesruleba SesaZlebelia 

dargis specialistebisaTvis cnobili nebismieri meTodiT. 

ufro zustad, gamogonebiT mocemul procesSi Sedis “zeda 

saxsaris” ubanSi Treoninis Canacvleba H7 poziciaze cisteiniT. 

gamogonebis ganxorcielebis sxva nimuSSi gamogonebiT mocemul 

procesSi Sedis “zeda saxsaris” ubanSi lizinis Canacvleba H6 

poziciaze cisteiniT. 

gamogonebis ganxorcielebis kidev sxva nimuSSi gamogonebiT 

mocemul procesSi Sedis “zeda saxsaris” ubanSi prolinis Canacvleba 

H1 poziciaze cisteiniT. 

gamogonebis ganxorcielebis kidev sxva nimuSSi gamogonebiT 

mocemul procesSi Sedis “zeda saxsaris” ubanSi lizinis Canacvleba 

H2 poziciaze cisteiniT. 
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gamogonebis ganxorcielebis kidev sxva nimuSSi gamogonebiT 

mocemul procesSi Sedis “zeda saxsaris” ubanSi serinis Canacvleba H3 

poziciaze cisteiniT. 

gamogonebis ganxorcielebis kidev sxva nimuSSi gamogonebiT 

mocemul procesSi Sedis “zeda saxsaris” ubanSi aspartatis 

Canacvleba H5 poziciaze cisteiniT. 

gamogonebis ganxorcielebis kidev sxva nimuSSi gamogonebiT 

mocemul procesSi Sedis “zeda saxsaris” ubanSi histidinis Canacvleba 

H8 poziciaze cisteiniT. 

gamogonebis ganxorcielebis kidev sxva nimuSSi gamogonebiT 

mocemul procesSi Sedis “zeda saxsaris” ubanSi Treoninis Canacvleba 

H9 poziciaze cisteiniT. 

sxva ganxorcielebis nimuSis mixedviT, aseve SesaZlebelia 

saxsruli ubnis sigrZis Semcireba da/an disulfiduri xidis damateba 

mTlianad im aminomJavebis Tanamimdevrobis SecvliT, romliTac 

kodirebulia saxsruli ubani. 

upiratesi nimuSis saxiT, gamogonebiT mocemuli procesis 

modifikacia mdgomareobs IgG1-is saxsrul ubanSi aminomJavebis H1-dan 

H14-mde Secvla IgG2-is saxsruli ubnis aminomJavebiT H1-dan H14-mde, 

upiratesad maSin, rodesac antagonisturi aqtivobis gasaumjibeseblad 

gansazRvruli antisxeuli aris IgG1 antisxeuli. 

sxva ganacxadSi gamogoneba exeba specifikuri samizne molekulis 

winaaRmdeg mimarTuli antagonisturi monoklonuri antisxeulis, an 

misi orvalentiani funqciuri fragmentis an misi warmoebulis 

skriningis process, aRniSnul antisxeuls gaaCnia aRniSnuli samizne 

molekulis erTi an meti biologiuri aqtivobis inhibirebis unari, 

amasTan aRniSnul procesSi Sedis: 

(a) sawyisi antisxeulis arCeva aRniSnuli samizne molekulis 

aRniSnuli erTi an meti biologiuri aqtivobis inhibirebis sawyisi 

doniT, 

(b) aRniSnuli sawyisi antisxeulis saxsruli ubnis 

aminomJavebis Tanamimdevrobis modifikacia gamogonebiT mocemuli 

procesis saSualebiT, 
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(c) etapze (b) miRebuli modificirebuli antisxeulis 

aRniSnuli samizne molekulis erTi an meti biologiuri aqtivobis 

inhibirebis unaris Sefaseba, da 

(d) dadebiT Sedegad etapis (c) iseTi antisxeulis arCeva, 

romlis aRniSnuli samizne molekulis aRniSnuli erTi an meti 

biologiuri aqtivobis inhibirebis done metia, vidre aRniSnuli 

inhibirebis sawyisi done. 

sawyis antisxeulebad SeiZleba arCeul iqnes arsebuli 

antisxeulebi rogoricaa, SezRudvis gareSe, IGF-1R, c-Met, RON, Axl, CD151, 

VEGF, VFGFR, Her-2neu-is antagonisti antisxeulebi, ErbB ojaxis 

homodimerebi da heterodimerebi. rogorc araSemzRudveli upiratesi 

magaliTi, aRniSnuli antisxeulebi SeiZleba Sedgebodes herceptinidan, 

pertuzumabidan, cetuqsimabidan, anti-VEGFR an anti-IGF-1R 

antisxeulebidan. 

“inhibirebis done” gamogonebis mixedviT ilustrirebs 

antisxeulis antagonistur aqtivobas. inhibirebis am donis ganszRvra 

SesaZlebelia dargis specialistebisaTvis cnobili nebismieri 

meTodiT, rogoricaa, SezRudvis gareSe, a) ujredebis uSualo daTvla 

an proliferaciis SefasebisaTvis gankuTvnili 3[H]Timidinis, 

tetrazolinis marilebis an sxva fluorescentuli nivTierebebis 

gamoyeneba, b) signalis transduqciisaTvis western blotting-is, fosfo-

ELISA-s an alfa-skrinis analizebis gamoyeneba, g) BRET an FRET analizi 

dimerizaciis gamosakvlevad, d) mikroskopiis an fluorescenciuri 

meTodebi migraciis, invaziis, angiogenezis an morfogenezis 

kontrolisaTvis da e) kaliperis (Stangenfargalis) gamoyenebiT 

simsivneebis gazomva in vivo SefasebebisaTvis. 

skriningis am procesis gamoyeneba SesaZlebelia Semowmebuli 

antisxeulebis gasaumjobeseblad an antisxeulebis winaklinikuri 

SerCevis etapad. 

gamogonebis sxva aspeqti exeba specifikur samizne molekulaze 

mimarTul monoklonur antisxeuls an mis orvalentian funqciur 

fragmentebs an warmoebulebs, romlebis miRebac SesaZlebelia 

gamogonebiT mocemuli procesiT, aRniSnuli antisxeuli gansxvavdeba 
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imiT, rom igi Seicavs saxsruli ubnis aminomJavebis Tanamimdevrobas 

arCeuls jgufidan, romelSic Sedis: SEQ ID No.1 (PRDCGCKPCICT), SEQ ID 

No. 2 (PKSCGCKPCICT), SEQ ID No.3 (PKSCGCKPCICP), SEQ ID No.4 

(PRDCGCKPCPPCP), SEQ ID No.5 (PRDCGCHTCPPCP), SEQ ID No. 6 

(PKSCDCHCPPCP), SEQ ID No. 7 (RKCCVECPPCP), SEQ ID No. 22 

(CKSCDKTHTCPPCP), SEQ ID No. 23 (PCSCDKTHTCPPCP), SEQ ID No. 24 

(PKCCDKTHTCPPCP), SEQ ID No. 25 (PKSCCKTHTCPPCP), SEQ ID No. 26 

(PKSCDCTHTCPPCP), SEQ ID No. 27 (PKSCDKCHTCPPCP), SEQ ID No. 28 

(PKSCDKTCTCPPCP), SEQ ID No. 29 (PKSCDKTHCCPPCP), SEQ ID No. 30 

(PKSCDKTHTCCPCP), SEQ ID No.  31 (PKSCDKTHTCPCCP), SEQ ID No. 32 

(PKSCDKTHTCPPCC), SEQ ID No. 33 (PSCDKTHTCPPCP), SEQ ID No. 34 

(PKSCDTHTCPPCP), SEQ ID No. 35 (PKSCDKTHCPPCP), SEQ ID No. 36 

(KCDKTHTCPPCP), SEQ ID No. 37 (PSCKTHTCPPCP), SEQ ID No. 38 

(PKSCDTHCPPCP), SEQ ID No. 39 (PKSCTHTCPPCP), SEQ ID No. 40 

(PKSCDKTTCPCP), SEQ ID No. 41 (PKSCDKTHCPPC), SEQ ID No. 42 

(PKSCDCHTCPPCP), SEQ ID No. 43 (PKSCDCTHCPPCP), SEQ ID No. 44 

(PCSCKHTCPPCP), SEQ ID No. 45 (PSCCTHTCPPCP), SEQ ID No. 46 

(PSCDKHCCPPCP), SEQ ID No. 47 (PKSTHTCPPCP), SEQ ID No. 48 (PKSCTCPPCP) 

an SEQ ID No. 49 (PKSCDKCVECPPCP).  

gamogonebiT mocemuli procesis ganxorcielebis Sedegad 

miRebuli upiratesi monoklonuri antisxeuli SeiZleba 

gansxvavdebodes imiT, rom igi Seicavdes aminomJavebis Tanamimdevrobas, 

romelic arCeulia jgufidan, romelSic Sedis: SEQ ID No. 1 

(PRDCGCKPCICT), SEQ ID No. 2 (PKSCGCKPCICT), SEQ ID No.3 (PKSCGCKPCICP), 

SEQ ID No.4 (PRDCGCKPCPPCP), SEQ ID No.5 (PRDCGCHTCPPCP), SEQ ID No. 6 

(PKSCDCHCPPCP), SEQ ID No. 7 (RKCCVECPPCP), SEQ ID No. 22 

(CKSCDKTHTCPPCP), SEQ ID No. 23 (PCSCDKTHTCPPCP), SEQ ID No. 24 

(PKCCDKTHTCPPCP), SEQ ID No. 25 (PKSCCKTHTCPPCP), SEQ ID No. 26 

(PKSCDCTHTCPPCP), SEQ ID No. 27 (PKSCDKCHTCPPCP), SEQ ID No. 28 

(PKSCDKTCTCPPCP), SEQ ID No. 29 (PKSCDKTHCCPPCP), SEQ ID No. 30 

(PKSCDKTHTCCPCP), SEQ ID No.  31 (PKSCDKTHTCPCCP), SEQ ID No. 32 

(PKSCDKTHTCPPCC), SEQ ID No. 33 (PSCDKTHTCPPCP), SEQ ID No. 34 

(PKSCDTHTCPPCP), SEQ ID No. 35 (PKSCDKTHCPPCP), SEQ ID No. 36 
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(KCDKTHTCPPCP), SEQ ID No. 37 (PSCKTHTCPPCP), SEQ ID No. 38 

(PKSCDTHCPPCP), SEQ ID No. 39 (PKSCTHTCPPCP), SEQ ID No. 40 

(PKSCDKTTCPCP), SEQ ID No. 41 (PKSCDKTHCPPC), SEQ ID No. 42 

(PKSCDCHTCPPCP), SEQ ID No. 43 (PKSCDCTHCPPCP), SEQ ID No. 44 

(PCSCKHTCPPCP), SEQ ID No. 45 (PSCCTHTCPPCP), SEQ ID No. 46 

(PSCDKHCCPPCP), SEQ ID No. 47 (PKSTHTCPPCP), SEQ ID No. 48 (PKSCTCPPCP) 

an SEQ ID No. 49 (PKSCDKCVECPPCP).  

upiratesi ganxorcielebis nimuSSi aRniSnuli monoklonuri 

antisxeuli aris adamianis antisxeuli, ufro upiratesia IgG1 

antisxeuli. 

gamogoneba aseve exeba izolirebul nukleinmJavas, romliTac 

rogorc adre iyo aRwerili, kodirebulia monoklonuri antisxeuli,  

e.i. romelic Seicavs saxsruli ubnis aminomJavebis Tanamimdevrobas, 

arCeuls jgufidan, romelSic Sedis: SEQ ID No. 1 (PRDCGCKPCICT), SEQ ID 

No. 2 (PKSCGCKPCICT), SEQ ID No.3 (PKSCGCKPCICP), SEQ ID No.4 

(PRDCGCKPCPPCP), SEQ ID No.5 (PRDCGCHTCPPCP), SEQ ID No. 6 

(PKSCDCHCPPCP), SEQ ID No. 7 (RKCCVECPPCP), SEQ ID No. 22 

(CKSCDKTHTCPPCP), SEQ ID No. 23 (PCSCDKTHTCPPCP), SEQ ID No. 24 

(PKCCDKTHTCPPCP), SEQ ID No. 25 (PKSCCKTHTCPPCP), SEQ ID No. 26 

(PKSCDCTHTCPPCP), SEQ ID No. 27 (PKSCDKCHTCPPCP), SEQ ID No. 28 

(PKSCDKTCTCPPCP), SEQ ID No. 29 (PKSCDKTHCCPPCP), SEQ ID No. 30 

(PKSCDKTHTCCPCP), SEQ ID No.  31 (PKSCDKTHTCPCCP), SEQ ID No. 32 

(PKSCDKTHTCPPCC), SEQ ID No. 33 (PSCDKTHTCPPCP), SEQ ID No. 34 

(PKSCDTHTCPPCP), SEQ ID No. 35 (PKSCDKTHCPPCP), SEQ ID No. 36 

(KCDKTHTCPPCP), SEQ ID No. 37 (PSCKTHTCPPCP), SEQ ID No. 38 

(PKSCDTHCPPCP), SEQ ID No. 39 (PKSCTHTCPPCP), SEQ ID No. 40 

(PKSCDKTTCPCP), SEQ ID No. 41 (PKSCDKTHCPPC), SEQ ID No. 42 

(PKSCDCHTCPPCP), SEQ ID No. 43 (PKSCDCTHCPPCP), SEQ ID No. 44 

(PCSCKHTCPPCP), SEQ ID No. 45 (PSCCTHTCPPCP), SEQ ID No. 46 

(PSCDKHCCPPCP), SEQ ID No. 47 (PKSTHTCPPCP), SEQ ID No. 48 (PKSCTCPPCP) 

an SEQ ID No. 49 (PKSCDKCVECPPCP).  
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kidev erTi sxva aspeqtis Tanaxmad, mocemuli gamogoneba exeba 

izolirebul nukleinmJavas, romelic gansxvavdeba imiT, rom SerCeulia 

momdevno nukleinmJavebidan: 

a) nukleinmJava, dnm an rnm, romliTac kodirebulia 

xelovnuri saxsruli ubani mocemuli gamogonebis mixedviT, maTi 

Sesabamisi rnm nukleinmJava an komplementaruli Tanamimdevroba; 

b) izolirebuli nukleinmJavebis Tanamimdevroba, romelic 

Seicavs nukleinTanamimdevrobas SerCeuls jgufidan, romelSic Sedis 

SEQ ID No. 15-dan SEQ ID No. 21-mde, SEQ ID No. 50-dan SEQ ID No. 77-mde, maTi 

Sesabamisi rnm nukleinmJava da komplementaruli Tanamimdevroba; da 

c) sul mcire, 18 nukleotidiani nukleinmJava, romelsac 

gaaCnia hibridizaciis unari umkacres pirobebSi, sul mcire, erT mainc 

TanamimdevrobasTan Tanamimdevrobebidan SEQ ID No. 15-dan 21-mde da 50-

dan 77-mde. 

upiratesad, gamogonebaSi Sedis izolirebuli nukleinmJava, 

romelic Seicavs nukleinTanamimdevrobas, SerCeuls jgufidan, 

romelSic Sedis SEQ ID No. 15-dan SEQ ID No. 21-mde da SEQ ID No.50-dan 

SEQ ID No. 77-mde. 

gamogonebis nawils aseve warmoadgens eqspresiis veqtori an 

transformirebuli maspinZeli ujredi, romelic Seicavs adre aRweril 

izolirebul nukleinmJavas da ufro zustad, izolirebul 

nukleinmJavas, romelic Seicavs nukleinTanamimdevrobas, SerCeuls 

jgufidan, romelSic Sedis SEQ ID No. 15-dan SEQ ID No. 21-mde, SEQ ID No. 

50-dan SEQ ID No. 77-mde, maTi Sesabamisi rnm nukleinmJava da 

komplementaruli Tanamimdevroba. 

nukleinmJava, nuklein an nukleinmJavebis Tanamimdevroba, 

polinukleotidi, oligonukleotidi, polinukleotidebis 

Tanamimdevroba, nukleotidebis Tanamimdevroba, es aris terminebi, 

romlebic damoukideblad aris gamoyenebuli mocemul gamogonebaSi, 

gamiznulia nukleotidebis zusti kavSiris miTiTebisaTvis, romelic 

modificirebulia an aramodificirebulia da nukleinmJavas fragmentis 

an ubnis gansazRvris saSualebas iZleva, romelic Seicavs an ar 

Seicavs arabunebriv nukleotidebs da SeuZlia rom Seesabamebodes 
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zustad rogorc orspiralian dnm-s, erTspiralian dnm-s, ise 

aRniSnuli dnm-ebis transkrifciis produqtebs. 

gasagebi unda iyos agreTve, rom mocemuli gamogonebis interesis 

sferoSi ar Sedis nukleotidebis Tanamimdevrobebi maT bunebriv 

qromosomul garemoSi anu, ase vTqvaT, maT bunebriv mdgomareobaSi. 

gamogoneba exeba Tanamimdevrobebs, romlebic izolirebul da/an 

gasufTavebul iqna, anu, ase vTqvaT, arCeul iqna pirdapir an 

arapirdapir, magaliTad, aslis gadaRebis saSualebiT da maTi garemo, 

sul mcire, nawilobriv mainc aris modificirebuli. aq aRsaniSnavia 

agreTve izolirebuli nukleinmJavebi, miRebuli genetikuri 

rekombinaciiT, magaliTad, maspinZeli ujredis saSualebiT an qimiuri 

sinTeziT miRebuli nukleinmJavebi. 

umkacres pirobebSi hibridizacia niSnavs, rom temperaturuli 

pirobebi da ionuri Zalis pirobebi isea SerCeuli, rom 

komplementarul dnm-s or fragments Soris hibridizaciis saSualebas 

iZleva. ilustraciis mizniT zemoaRwerili polinukleotiduri 

fragmentebis gansazRvrisaTvis saWiro hibridizaciis etapis umkacresi 

pirobebi upiratesad aris Semdegi: 

dnm-dnm an dnm-rnm hibridizacia xorcieldeba or etapad: (1) 

winaswari hibridizacia 420C temperaturis pirobebSi 3 saaTis 

ganmavlobaSi fosfatis buferSi (20 mmoli, pH 7.5), romelic Seicavs 5 x 

SSC (1 x SSC Seesabameba 0.15 moli NaCl + 0.015 moli natriumcitratis 

xsnars), 50% formamids, 7% natriumdodecilsulfats (SDS), 10 x 

Denhardt’s, deqstransulfatis 5% da oragulis spermis dnm 1%; (2) 

realuri hibridizacia mimdinareobs 20 saaTis ganmavlobaSi, 

temperaturaze, romelic damokidebulia zondis zomaze (mag.: 420C 

zondis zomisaTvis > 100 nukleotidze), rasac mosdevs ori garecxva 20 

wuTis ganmavlobaSi 200C temperaturaze 2 x SSC + 2% SDS-Si, 1 garecxva 

20 wuTis ganmavlobaSi 0.1 x SSC + 0.1% SDS-Si. bolo garecxva sruldeba 

0.1 x SSC + 0.1% SDS-Si 30 wuTis ganmavlobaSi 600C temperaturaze zondis 

zomisaTvis > 100 nukleotidze. gansazRvruli zomis 

polinukleotidisaTvis zemoT aRwerili hibridizaciis umaRlesi 

28 
 

GE P 2013 5931 B



simkacris pirobebi dargis specialistebis mier SeiZleba morgebul 

iqnes ufro didi an ufro mcire zomis oligonukleotidebze Sambrook et 

al. (1989, Molecular cloning: a laboratory manual. 2nd Ed. Cold Spring Harbor) 

saxelmZRvanelos instruqciebis Tanaxmad. 

gamogoneba aseve exeba veqtors, romelic Seicavs gamogonebiT 

mocemul nukleinmJavas. 

gamogoneba gansakuTrebiT mimarTulia klonirebaze da/an 

eqspresiis veqtorebze, romlebic Seicavs nukleotidebis 

Tanamimdevrobas gamogonebis mixedviT. 

gamogonebiT mocemuli veqtorebi upiratesad Seicavs iseT 

elementebs, romlebic translirebuli nukleotiduri 

Tanamimdevrobebis eqspresiis da/an sekreciis saSualebas iZleva 

gansazRvrul maspinZel ujredSi. amitom, veqtori unda Seicavdes 

promotors, translaciis iniciaciisa da damTavrebis signals da aseve 

transkrifciis regulirebis Sesaferis ubnebs. mas unda hqondes 

maspinZel ujredSi stabilurad yofnis unari da, arasavaldebulod, 

SeiZleba gaaCndes calke signalebi, romlebic gansazRvravs 

translirebuli proteinis sekrecias. am sxvadasxva elements irCevs da 

optimizirebas axdens dargis specialisti gamomdinare gamoyenebuli 

maspinZeli ujredidan. am mizniT, gamogonebiT mocemuli 

nukleotidebis Tanamimdevrobebi SeiZleba Setanil iqnes avtonomiur 

replikaciis veqtorebSi SerCeul maspinZelSi an SeiZleba iyos 

SerCeuli maspinZeli ujredis ganuyofeli veqtorebi. 

aseTi veqtorebis damzadeba xdeba dargis specialistebis mier 

Cveulebriv gamosayenebeli meTodebis daxmarebiT da Sedegad miRebuli 

klonebi SeiZleba Seyvanil iqnes Sesaferis maspinZelSi standartuli 

xerxebiT, rogoricaa lipofeqcia, eleqtroforezi, Termuli Soki an 

qimiuri meTodebi. 

gamogonebiT mocemuli veqtorebi aris, magaliTad, plazmiduri an 

virusuli warmoSobis veqtorebi. isini gamosadegia maspinZeli ujredis 

transformaciisaTvis, raTa klonirebul an eqspresirebul iqnes 

gamogonebiT mocemuli nukleotidebis Tanamimdevrobebi. 
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gamogonebaSi aseve Sedis transformirebuli maspinZeli ujredebi 

an maspinZeli ujredebi, romlebic Seicavs gamogonebiT mocemul 

veqtors. 

maspinZeli ujredi SerCeulia prokariotuli an eukariotuli 

sistemebidan, magaliTad, baqteriuli ujredebidan, aseve safuaris an 

cxoveluri ujredebidan, kerZod ZuZumwovrebis ujredebidan. aseve 

SesaZlebelia mwerebisa da mcenareebis ujredebis gamoyeneba. 

gamogonebis sxva maxasiaTeblebi da upiratesobebi Cans danarCeni 

aRwerilobidan magaliTebze da figurebze dayrdnobiT, sadac: 

figurebze 1A da 1B naCvenebia Tagvis da Sesabamisi qimeruli 

anti-c-Met Mab-ebis seriebis, romlebic warmoebulia rogorc adamianis 

IgG1/kapa izotipi, gavlena c-Met receptoris fosforilebaze A549 

ujredebSi. 

figura 1A: agonisturi efeqti, gamoTvlili rogorc procenti 

HGF-iT [100 ng/ml] gamowveuli c-Met fosforilebis maqsimalur 

stimulaciasTan SedarebiT. 

figura 1B: antagonisturi efeqti, gamoTvlili rogorc HGF-iT 

[100 ng/ml] gamowveuli c-Met fosforilebis maqsimaluri stimulaciis 

inhibirebis procenti. 

figurebze 2A da 2B naCvenebia Tagvis 224G11 Mab-is da inJineriis 

saSualebiT miRebuli sxvadasxva saxsruli ubnebis Semcveli qimeruli 

224G11 Mab-ebis gavlenis Sedareba C-Met receptoris fosforilebaze 

A549 ujredebSi. 

figura 2A: agonisturi efeqti, gamoTvlili rogorc procenti 

HGF-iT [100 ng/ml] gamowveuli c-Met fosforilebis maqsimalur 

stimulaciasTan SedarebiT. 

figura 2B: antagonisturi efeqti, gamoTvlili rogorc HGF-iT 

[100 ng/ml] gamowveuli c-Met fosforilebis maqsimaluri stimulaciis 

inhibirebis procenti. 

figurebze 3A da 3B, 4 da 5 naCvenebia c-Met dimerizaciisa da 

aqtivaciis BRET modelebi. 
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figurebze 6A da 6B naCvenebia qimeruli da humanizebuli 224G11 

formebis mier c-Met-is amocnoba. 

figurebze 7A, 7B da 7C naCvenebia Tagvis da qimeruli 

antisxeulebis gavlena HGF-iT inducirebul NCI-H441 ujredebis 

proliferaciaze in vitro. NCI-H441 ujredebi daTesil iqna Sratisgan 

Tavisufal mkvebav garemoSi. daTesvidan 24 saaTis Semdeg damatebul 

iqna: (fig.7A) m11E1 da [11E1]chim-qimeruli, (fig.7B) m227H1 da [227H1]chim-

qimeruli, an (fig.7C) m224G11 da [224G11]chim-qimeruli HGF-is Tanaobis 

an Tanaobis gareSe. isrebi miuTiTebs mxolod ujredebdaTesil 

fosoebs HGF-is Tanaobis gareSe ↙ an Tanaobisas ↘. Tagvis IgG1 (mIgG1) 

Setanil iqna rogorc izotipis kontroli. 

figuraze 8 naCvenebia Tagvisa da qimeruli 224G11 Mab-ebis 

Sedareba in vivo NCI-H441-is qsenotransplantantur modelze. 

figurebze 9A da 9B naCvenebia Tagvis 224G11 Mab-is da am 

antisxeulis sxvadasxva qimeruli da humanizebuli versiebis gavlena 

NCI-H441 ujredebis HGF-iT inducirebul proliferaciaze in vitro. NCI-

H441 ujredebi daTesil iqna Sratisgan Tavisufal mkvebav garemoSi. 

daTesvidan 24 saaTis Semdeg damatebul iqna satesto antisxeulebi 

HGF-is Tanaobis gareSe an Tanaobisas. CamonaTvalSi (fig.9A) naCvenebia 

Tagvis m224G11, qimeruli IgG1 [224G11]chim, humanizebuli IgG1 [224G11] 

[Hz1], [224G11] [Hz2], [224G11] [Hz3] versiebi. CamonaTvalSi (fig.9B) 

mocemulia Tagvis m224G11 da qimeruli IgG1-is sxvadasxva formebi 

([224G11])chim, [224G11] [MH chim], [224G11] [MUP9H chim], [224G11] [MMCH 

chim], [224G11] [TH7 chim]. isrebi miuTiTebs mxolod ujredebdaTesil 

fosoebs HGF-is Tanaobis gareSe ↙ an Tanaobisas ↘. Tagvis IgG1  

Setanil iqna rogorc uaryofiTi kontroli agonisturi 

aqtiurobisaTvis. M5D5 gamoyenebuli iyo rogorc doza-damokidebuli 

sruli agonist-kontroli. 

figuraze 10 naCvenebia Tagvis 224G11 Mab-is da am antisxeulis 

sxvadasxva qimeruli da humanizebuli versiebis gavlena NCI-H441 

ujredebis HGF-iT inducirebuli proliferaciaze in vitro. NCI-H441 

ujredebi daTesil iqna Sratisgan Tavisufal mkvebav garemoSi. 

31 
 

GE P 2013 5931 B



daTesvidan 24 saaTis Semdeg damatebul iqna satesto antisxeulebi 

HGF-is Tanaobis gareSe an Tanaobisas. mocemulia Tagvis m224G11, 

[224G11]chim, [224G11] [TH7 chim] IgG1-is qimeruli formebi da [224G11] 

[TH7 Hz1], [224G11] [TH7 Hz3]. isrebi miuTiTebs mxolod ujredebdaTesil 

fosoebs HGF-is Tanaobis gareSe ↙ an Tanaobisas ↘. Tagvis IgG1  

Setanil iqna rogorc uaryofiTi kontroli agonisturi 

aqtivobisaTvis.  M5D5 g.amoyenebuli iyo rogorc doza-damokidebuli 

sruli agonist-kontroli. 

figurebze 11A-11B da 12A-12B naCvenebia anti-c-Met Mab-ebis 

seriebis, romlebsac gaaCniaT inJineriis saSualebiT miRebuli 

gamogonebiT mocemuli sxvadasxva saxsruli ubnebi, gavlena C-Met 

receptoris fosforilebaze A549 ujredebSi. figura 11A da 11B: 

agonisturi efeqti, gamoTvlili rogorc procenti HGF-iT [100 ng/ml] 

gamowveuli c-Met fosforilebis maqsimalur stimulaciasTan 

SedarebiT. figura 12A da 12B: antagonisturi efeqti, gamoTvlili 

rogorc HGF-iT [100 ng/ml] gamowveuli c-Met fosforilebis 

maqsimaluri stimulaciis inhibirebis procenti. 

figurebze 13A da 13B, naCvenebia c-Met dimerizaciisa da 

aqtivaciis BRET modelebi. 

figuraze 14A naCvenebia agonisturi efeqti, gamoTvlili rogorc 

procenti HGF-iT [100 ng/ml] gamowveuli c-Met fosforilebis 

maqsimalur stimulaciasTan SedarebiT. 

figuraze 14B naCvenebia antagonisturi efeqti, gamoTvlili 

rogorc HGF-iT [100 ng/ml] gamowveuli c-Met fosforilebis 

maqsimaluri stimulaciis inhibirebis procenti. 

figuraze 15 naCvenebia c-Met dimerizaciisa da aqtivaciis BRET 

modelebi. 

figura 16: Mab 214B2-is sxvadasxva formebis PC3 ujredebis 

adheziaze zegavlenis mikroskopuli analizi. 

figura 17: Mab 214B2-is sxvadasxva formebis PC3 ujredebis 

adheziaze zegavlenis analizi ATP-analizis gamoyenebiT. TiToeul 

fosoSi adhezirebuli ujredebi gansazRvruli iyo PC3 standartuli 
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mrudebis gamoyenebiT, 0-dan 200 000-mde ujredi/fosoze. Sedegebi  

Semdegnairad aris warmodgenili: daumuSavebeli ujredebi miRebulia 

etalonad (100%), xolo damuSavebuli ujredebi – rogorc etalonuris 

procenti. 

 
magaliTi 1: qimeruli Mab-ebis konstruireba da c-Met receptoris 

fosforilebis statusis funqciuri Sefaseba 

Tagvis ramodenime Mab, romlebis samizne iyo prototipuli 

tirozin kinazas receptori (c-Met receptori), reformirebul iqna 

qimerul Mab-ebad, romlebic atarebda Tagvis variabelur domenebs da 

adamianis mudmiv domenebs. maTi Siga aqtivoba gaanalizebuli iyo 

funqciur analizze dayrdnobiT, romelic akontrolebda ligand 

(HGF)-damokidebul c-Met receptoris fosforilebas. 

Tagvis variabeluri domenis Tanamimdevrobebis (VH, VL) PCR-

klonirebis Semdeg qimeruli Mab-ebi konstruirebuli iyo Tagvis VH an 

VL Tanamimdevrobebis matarebeli {Nhe1-Bcl1} restriqciis fragmentis 

ligirebisas pCEP4 veqtorSi (InVitrogen, US), romelic atarebda IgG1 

imunoglobulinis adamianis msubuqi jaWvis Ckapa an adamianis mZime 

jaWvis [CH1-saxsari-CH2-CH3] mudmivi domenis mTlian makodirebel 

Tanamimdevrobas. klonirebis yvela etapi Sesrulebuli iyo 

Cveulebrivi molekuluri biologiis teqnikis mixedviT, romelic 

aRwerilia laboratoriul saxelmZRvaneloSi (Sambrook and Russel, 2001) 

an momwodeblis instruqciebis mixedviT. TiToeuli genetikuri 

nageboba srulad iyo Semowmebuli nukleotidebis Tanamimdevrobis 

gansazRvris saSualebiT Big Dye terminator cycle kompleqtiT (Applied 

Biosystems, US) da analizirebuli 3100 Genetic Analizer-is gamoyenebiT 

(Applied Biosystems, US). Sesabamisi qimeruli Mab-ebis warmoeba 

sruldeboda suspenzia-adaptirebul HEK293 EBNA ujredebis 

gamoyenebiT (InVitrogen, US), romlebic gazrdili iyo Sratisgan 

Tavisufal mkvebav garemoSi Excell 293 (SAFC Biosciences), romelSic 

Camatebuli iyo 6 mmoli glutamini. droebiTi transfeqcia 

ganxorcielebuli iyo xazovani 25 kdaltoni polieTileniminis (PEI) 
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(Polyscience) gamoyenebiT. kultivaciis procesis monitoringi xdeboda 

ujredebis sicocxlisunarianobisa da Mab warmoebis safuZvelze. Mab-

ebi gasufTavebul iqna Cveulebrivi qromatografiis meTodis 

gamoyenebiT protein A fisze (GE Healthcare, US). 

Mab-ebis yvela gansxvavebuli forma warmoebuli iyo funqciuri 

analizisaTvis Sesaferis doneze. warmoebis done tipiurad 

regulirdeba sufTa Mab-is 15 da 30 mg/l Soris. 

funqciuri analizi sruldeboda adamianis filtvis kibos 

ujredebze. c-Met receptoris fosforilebis statusis monitoringi 

mimdinareobda ujredebis lizatze specifikuri CamWeri ELISA analizis 

gamoyenebiT. Txis anti-c-Met Mab (R&D, ref AF276) iyo gamoyenebuli CamWer 

antisxeulad, xolo deteqtirebis antisxeuli Seesabameboda anti-

fosfo-c-Met Mab-s (Biosource ref KHO0281). luminescenciis anaTvlebi 

registrirdeboda Mithras LB920 mravaltipiani petris Tasis 

registratoris meSveobiT (Berthold). 

Tagvis samive Mab 11E1, 224G11 da 227H1 amJRavnebda Sesadar Siga 

aqtivobas c-Met receptoris fosforilebaze: TiTqmis araviTari 

sakuTari agonisturi aqtivoba (HGF efeqtis 5%-ze naklebi, figura 1A) 

da HGF-iT (100 ng/ml) inducirebuli c-Met receptoris fosforilebis 

Zlieri inhibireba (HGF efeqtis 70%-ze metiT inhibireba, figura 1B). 

gasaocaria, magram Tagvis IgG1/kapadan adamianis IgG1/kapaze 

gadarTvisaTvis Mab-is mxolod mudmivi domenis modificirebiT 

aRniSnul iqna Sedegad miRebuli qimeruli Mab-ebis Siga aqtivobis 

sruli modifikacia (figurebi 1A-1B). marTlac, aRiniSneboda 

antagonisturi efeqturobis mniSvnelovan klebasTan (c224G11-Tvis HGF 

efeqtis mxolod narCeni 60%, figura 1B) asocirebuli mZlavri 

agonizmi (c11E1-Tvis HGF efeqtis 20% aRwevs, figura 1A). es efeqti ar 

aris damokidebuli antisxeulis variabelur domenze, radganac msgavsi 

movlena aRiniSneboda samive gamokvleuli Mab-sTvis (11E1, 224G11 da 

227H1 monoklonuri antisxeulebi sekretirebuli iyo Collection Nationale 

de Cultures Microorganismes (CNCM) – mikroorganizmebis kulturebis 

erovnul koleqciaSi (Institut Pasteur, Paris, France) nomrebiT CNCM I-3724 
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(Seesabameba 11E1-s), I-3731 (Seesabameba 224G11-s) da I-3732 (Seesabameba 

227H1-s), deponirebuli hibridomas saSualebiT (ixileT patentis 

ganacxadi gamoqveynebuli nomriT WO 2009/007427). 

 
magaliTi 2: inJinirebuli saxsruli ubnis versiebis dizaini, 

klonireba da warmoeba 

zemoT aRwerili dakvirvebebis safuZvelze, gamoTqmul iqna 

hipoTeza, rom Tagvis IgG1-is adamianis IgG1 Mab-Si reformirebisas 

aRniSnuli farmakologiuri profilis gauareseba ganpirobebuli iyo 

adamianis IgG1 domeniT. 

erTis mxriv, literaturidan cnobilia, rom c-Met receptoris 

aqtivacia asocirebulia mis dimerizaciasTan, da rom c-Met receptoris 

dimerizaciis inhibirebam SeiZleba moaxdinos c-Met receptoris 

fosforilebisa da qvemoTken signalizaciis inhibireba. 

meores mxriv, Mab-ebi arsiT orvalentiani molekulebia TavianTi 

Tandayolili struqturidan gamomdinare da, amrigad, isini SeiZleba 

moqmedebden rogorc c-Met receptoris dimerizaciis mainducireblebi. 

amitom, gamoTqmul iqna hipoTeza, rom qimeruli Mab-ebis 

konformaciuli drekadobis, rogoricaa brunva, moRunva an qneva 

(ixileT Roux et al., 1997) SezRudvis saSualebiT SesaZlebeli iqneboda 

sawyisi Tagvis Mab-ebis CvenTvis saintereso Siga aqtivobebis aRdgena 

(mZlavri antagonizmis da susti agonizmis). es hipoTeza ganmtkicebuli 

iyo Tagvisa da adamianis IgG1 saxsruli ubnebis (moixsenieba aseve, 

rogorc IgG1 H-ubani) Sesabamisi Tanamimdevrobebis analiziT. 

Tagvis IgG1 H-ubani  PRDCGCKPCICT  (SEQ ID No.1) 

adamianis IgG1 H-ubani  PKSCDKTHTCPPCP (SEQ ID No.11) 

adamianis IgG2 H-ubani  RKCCVECPPCP  (SEQ ID No.7) 

am ganlagebiT naCvenebia, rom Tagvis IgG1 H-ubani ufro moklea da 

Seicavs erT damatebiT disulfidur xids (Cys) adamianis IgG1 H-ubanTan 

SedarebiT. aseve Cans, rom adamianis IgG2 H-ubani waagavs Tagvis IgG1 H-

ubans, rogorc sigrZiT (11AA), ise disulfiduri xidebis ricxviT (4). 
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amitom, gamoTqmul iqna mosazreba, rom adamianis IgG1 H-ubanis 

sixistis gazrda SesaZlebeli iqneboda mastabilizirebeli mutaciebis, 

rogoricaa Cys naSTebis Seyvana, da/an am calke segmentis damoklebis 

saSualebiT. H-ubnis sixistis es savaraudo gazrda SeiZleba 

asocirebul iqnes inJineriiT miRebuli adamianis IgG1 Mab-is 

gaumjobesebul funqciur TvisebebTan. 

genuri inJineriiT miRebuli pirveli 7 versiis seriebi 

daproeqtebul iqna (cxrili 2) qimeruli H-ubnebis SeqmniT adamianisa 

da Tagvis antisxeulebis Tanamimdevrobebs Soris N-terminaluri an C-

terminaluri saxsruli nawilebis gacvlis Sedegad. Sesrulebul iqna 

agreTve IgG2 ekvivalentis konstruqcia. 

 
cxrili 2 

WT-
IgG2 

WT-IgG1 variantebi 

Hu-
IgG2 

Hu-IgG1    Mu-IgG1 MH      MMCH    MMH   MUP9H      MUC7H      TH7CΔ6,9 
-IgG1      -IgG1             -IgG1       -IgG1                  -IgG1                  -IgG1 

- 
R 
K 
C 
- 
- 
C 
V 
E 
C 
P 
P 
C 
P 

     P               P          
     K              R         
     S               D  
     C              C 
     D              G    
     K               - 
     T               C 
     H              K 
     T               P 
     C               C   
     P                I 
     P                - 
     C                C     
     P                 T      

P             P                P           P                   P                   P   
R             K               K          R                   R                   K 
D             S               S           D                   D                  S 
C             C               C          C                    C                  C 
G             G               G          G                   G                  D        
-               -                -            -                     -                   -         
C             C               C          C                    C                  C 
K             K               K          K                   H                   H 
P              P               P           P                    T                   -   
C              C              C           C                   C                   C         
I                I               I             P                   P                   P    
-                -               -             P                   P                   P        
C              C              C            C                  C                   C         
T              T               P            P                   P                   P  

 
daproeqtebul da konstruirebul iqna H-ubanSi 28 mutantis 

damatebiTi seria imisaTvis, rom Sefasebuli yofiliyo H-ubanSi erTi 

damatebiTi cisteinis naSTis Setanis an, sul mcire, erTi mainc 

aminomJavas deleciis, an erTdroulad erTi cisteinis damatebisa da, 

sul mcire, erTi mainc aminomJavas deleciis erToblivi zegavlena. 

saxsruli ubnis mutantebis es axali seria aRwerilia cxrilSi 3. 
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cxrili 3 

 #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 
C1 C K S C D K T H T C P P C P 
C2 P C S C D K T H T C P P C P 
C3 P K C C D K T H T C P P C P 
C5 P K S C C K T H T C P P C P 
C6 P K S C D C T H T C P P C P 
C7 P K S C D K C H T C P P C P 
C8 P K S C D K T C T C P P C P 
C9 P K S C D K T H C C P P C P 
C11 P K S C D K T H T C C P C P 
C12 P K S C D K T H T C P C C P 
C14 P K S C D K T H T C P P C C 
Δ2 P - S C D K T H T C P P C P 
Δ6 P K S C D - T H T C P P C P 
Δ9 P K S C D K T H - C P P C P 
Δ1-3 - K - C D K T H T C P P C P 
Δ2-5 P - S C - K T H T C P P C P 
Δ6-9 P K S C D - T H - C P P C P 
Δ5-6 P K S C - - T H T C P P C P 
Δ8-11 P K S C D K T - T C - P C P 
Δ9-14 P K S C D K T H - C P P C - 
C7Δ6 P K S C D - C H T C P P C P 
C6Δ9 P K S C D C T H - C P P C P 
C2Δ5

-7 
P C S C - K - H T C P P C P 

C5Δ2
-6 

P - S C C - T H T C P P C P 

C9Δ2
-7 

P - S C D K - H C C P P C P 

Δ4-5-
6 

P K S - - - T H T C P P C P 

Δ5-6-
7-8 

P K S C - - - - T C P P C P 

IgG1/
IgG2 

P K S C D K C V E C P P C P 

 

 saxsruli ubnis inJineriis nimuSad arCeuli iyo Tagvis anti-c-Met 

Mab-is, romelsac 224G11 ewodeba, variabeluri domeni (mZime da msubuqi 

jaWvebi). 

 Tagvis antisxeulis es Tanamimdevrobebi jer Serwymul iqna 

adamianis antisxeulis mudmiv domenebTan [Ckappa] msubuqi jaWvisaTvis 

da [CH1-saxsari-CH2-CH3] adamianis IgG1 mZime jaWvisaTvis. saxsruli 

ubnis modifikacia Sesrulebuli iyo {Nhel-Bcl1} restriqciis 
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fragmentis SecvliT sasurveli modifikaciis matarebeli 

ekvivalenturi wiliT, amasTan yoveli Sesabamisi {Nhel-Bcl1} fragmenti  

sinTezirebuli iyo genebis globaluri sinTezis saSualebiT (Genecust, 

LU). saxsruli ubnis yvela axali mutanti konstruirebuli iyo igive 

safuZvelze. 

 klonirebis yvela etapi sruldeboda Cveulebrivi molekulur 

biologiuri teqnikis mixedviT, rogorc aRwerilia laboratoriul 

saxelmZRvaneloSi (Sambrook and Russel, 2001) an momwodeblis 

instruqciebis mixedviT. yoveli genetikuri konstruqcia srulad iyo 

Semowmebuli nukleotidebis Tanamimdevrobebis gansazRvris 

saSualebiT Big Dye terminatoruli ciklis Tanamimdevrobis 

ganmsazRvreli kompleqtis daxmarebiT (Applied Biosystems, US) da 

analizirebuli 3100 Genetic Analyzer-is gamoyenebiT (Applied Biosystems, US). 

 suspenzia-adaptirebuli HEK293 EBNA ujredebi (InVitrogen, US) 

Cveulebriv iqna gazrdili 250 ml-ian kolbebSi 50 ml Sratisagan 

Tavisufal garemoSi Excell 293 (SAFC Biosciences), romelSic damatebuli 

iyo 6 mmoli glutamini orbitalur Seikerze (110 cikli wuTSi (rpm) 

brunvis siCqare). tranzituli transfeqcia Sesrulebuli iyo 2.106 

ujredi/ml xazovani 25 kdaltoni polieTileniminis (PEI) gamoyenebiT 

(Polysciences), romelic damzadebuli iyo wyalSi saboloo 

koncentraciiT 1 mg/ml da plazmidis dnm-is gamoyenebiT (saboloo 

koncentracia 1.25 mkg/ml, mZime jaWvis msubuq jaWvTan plazmidis 

SefardebisaTvis 1:1). transfeqciidan 4 saaTis Semdeg kultura 

ganzavebul iqna axali mkvebavi garemos erTi moculobiT, raTa 

miRebuli yofiliyo ujredebis saboloo simkvrive 106 ujredi/ml. 

kultivaciis procesis monitoringi mimdinareobda ujredebis 

sicocxlisunarianobisa da Mab-is warmoebis safuZvelze. Cveulebriv, 

kulturebi inaxeboda 4-dan 5 dRemde. Mab-ebi sufTavdeboda 

Cveulebrivi qromatografiuli meTodis gamoyenebiT Protein A fisze (Ge 

Healthcare, US). 
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 Mab-ebis yvela sxvadasxva forma iwarmoeboda funqciuri 

SefasebisaTvis Sesaferis doneze. gasufTavebuli Mab-ebis warmoebis 

doneebi Cveulebriv aris 15-dan 30 mg/l-mde farglebSi. 

 
 magaliTi 3: inJineriiT miRebuli Mab-ebis Sefaseba fosfo-c-Met-

specifikur ELISA analizSi 

 A549 ujredebi daTesil iqna 12 mravalfosoian (MW) TasSi zrdis 

srul mkvebav garemoSi [F12K+10% FCS]. HGF-iT [100 ng/ml] stimulaciamde 

16 saaTiT adre ujredebi aSimSiles da ligandiT stimulaciamde 15 

wuTiT adre maT daemata TiToeuli satesto  Mab 30 mkg/ml saboloo 

koncentraciiT. damatebul iqna yinuliT gacivebuli lizisis buferi 

HGF-is damatebidan 15 wuTis Semdeg, raTa SeeCerebinaT fosforilebis 

reaqcia. ujredebi afxekil iqna meqanikurad da ujredebis lizati 

mogrovebul iqna centrifugirebis saSualebiT 13000 cikli wuTSi (rpm) 

brunvis siCqariT 10 wuTSi da 40C temperaturis pirobebSi da igi 

Seesabameboda supernatantis fazas. proteinis Semcveloba gamoTvlil 

iqna BCA kompleqtis (Pierce) gamoyenebiT da gamoyenebamde gaaCeres -200C 

temperaturaze. c-Met-is fosforilebis statusi dadgenil iqna ELISA-s 

saSualebiT. Txis anti-c-Met Mab (R&D, ref AF276) iyo gamoyenebuli CamWer 

antisxeulad (Ramis ganmavlobaSi gadafarva 40C-ze) da TBS-BSA-5%-iani 

buferiT gajerebis safexuris Semdeg (1 saaTi oTaxis temperaturaze 

(RT)), damatebul iqna 25 mkg proteinis lizatebisa gadafarul 96MW 

Tasis yovel fosiSi. oTaxis temperaturaze (RT) 90 wuTis ganmavlobaSi 

inkubaciis Semdeg, Tasebi gairecxa oTxjer da damatebul iqna 

deteqtirebis antisxeuli (anti-fosfo-c-Met Mab, mimarTuli 

fosforilebuli Tyr naSTebis winaaRmdeg poziciebze 1230, 1234 da 1235). 

damatebiTi 1 saaTiani inkubaciisa da 4 garecxvis Semdeg, damatebul 

iqna anti-bocveris antisxeuli SeuRlebuli HRP-Tan (Biosource), 1 

saaTis ganmavlobaSi RT-ze, xolo luminescenciis deteqtireba 

xorcieldeboda Luminol-is damatebis saSualebiT. luminescenciis 

anaTvlebi registrirdeboda Mitras LB920 mravaltipian Tasebis 

registratorze (Berthold). 
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 c-Met receptoris fosforilebis cdaSi konstruirebul da 

gaanalizebul iqna mZime jaWvis saxsruli domenis inJineriiT miRebuli 

versiebis seriebi. rogorc figuraze 2A aris naCvenebi, 224G11[IgG1-

Chim]-Tan SedarebiT aRiniSneboda hIgG1/kapa izotipTan asocirebuli 

agonisturi efeqtis mniSvnelovani Semcireba orive IgG2-dafuZnebul 

konstruqciisaTvis da inJineriiT miRebuli zogierTi 

konstruqciisaTvis [MH, MUP9H da TH7, fig.2A]. yvelaze susti da 

Sesadari agonisturi aqtiuroba aReniSna 224G11[MH-IgG1]-s, romelic 

Seicavs Tagvis IgG1-is srul saxsrul ubans da 224G11[TH7]-s, romelic 

Seicavs genuri inJineriiT miRebuli adamianis IgG1-is umetes saxsrul 

ubans. miRebul iqna agreTve antagonisturi efeqturobis Tanmdevi 

zrda [fig.2B]. amrigad, orive, IgG2-dafuZnebuli da inJineriiT 

miRebuli hIgG1/kapa-dafuZnebuli TH7 mutanti, asocirebuli Tagvis 

224G11 variabelur domenTan, amJRavnebs funqciur aqtivobas, romelic 

TiTqmis msgavsia Tagvis 224G11 Mab-is funqciuri aqtivobisa. Tumca. 

224G11[MMCH-IgG1-chim]-is 224G11[IgG1-chim]-Tan agonistur/antagonisturi 

aqtivobebis Sedarebam aCvena, rom gazrdili antagonisturi aqtivobis 

miReba SesaZlebeli iqneboda antisxeulis inJineriiT, damoukideblad 

am antisxeulis damaxasiaTebeli agonisturi Tvisebebisgan. 

 mZime jaWvis saxsruli domenis inJineriiT miRebuli versiebis 

meore seria konstruirebul da gaanalizirebul iqna c-Met receptoris 

fosforilebis cdaSi. rogorc fig.11A-dan Cans, aminomJavas Canacvleba 

mZime jaWvis saxsrul domenSi cisteinis naSTebis SetaniT, axdens 

antisxeulebis agonisturi efeqtis modificirebas. marTlac, erTis 

mxriv, zogierTi mutanti versia amJRavnebs ufro sust agonistur 

efeqts, vidre c224G11, rogorc magaliTad, c224G11[C2], c224G11[C3], 

c224G11[C5], c224G11[C6] an c224G11[C7], maSin roca sxvebi avlenen 

gazrdil agonistur efeqts, magaliTad, c224G11[C11], c224G11[C12] da 

c224G11[C14]. garda amisa, aminomJavebis deleciac mZime jaWvis saxsrul 

ubanSi, damoukideblad imisgan asocirebulia igi Tu ara aminomJavas 

CanacvlebasTan, aseve axdens antisxeulebis agonisturi Tvisebebis 

modificirebas [fig.11B]. magaliTad, c224G11[Δ1-3], c224G11[Δ4-5-6], 
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c224G11[Δ5-6-7-8], c224G11[C7Δ6], c224G11[C6Δ9], c224G11[C2Δ5-7], c224G11[C5Δ2-

6] an  c224G11[C9Δ2-7]-ma aCvenes ufro susti agonisturi efeqti, vidre 

c224G11-ma, xolo c224G11[Δ8-11]-ma aCvena ufro Zlieri agonisturi 

efeqti. iseve, rogorc c224G11[TH7] SemTxvevaSi, yvela axali versia, 

romelic amJRavnebs ufro sust agonistur efeqts, aCvenebs 

antagonisturi efeqturobis Tanmdev zrdas [figurebi 12A da 12B], maSin 

roca ufro Zlieri agonisturi efeqtis mqone antisxeulebs gaaCniaT 

ufro susti antagonisturi efeqturoba. 

 mocemul ganacxadSi kuTxuri frCxilebis gamoyeneba ar aris 

aucilebeli da, magaliTisaTvis, aRniSvna [224G11][IgG2chim] unda 

CaiTvalos 224G11IgG2chim-is identurad. aseve, imis miTiTebisaTvis rom 

antisxeuli aris Tagvis antisxeuli, SeiZleba danatebul iqnes sityva 

“Tagvis” an aso m; imis miTiTebisaTvis, rom antisxeuli aris qimeruli 

antisxeuli SeiZleba damatebul iqnes chim an aso c; da imis 

miTiTebisaTvis, rom antisxeuli aris humanizebuli antisxeuli, 

SeiZleba damatebul iqnes gamosaxuleba hum an aso h. magaliTisaTvis, 

qimeruli antisxeuli 224G1IgG2 SeiZleba aRniSnuli iyos rogorc 

c224G11IgG2, c224G11[IgG2], c[224G11]IgG2, c[224G11][IgG2], 224G11IgG2chim, 

224G11[IgG2chim], [224G11]IgG2chim an  [224G11][IgG2chim]. 

 simbolo Δ aRniSnavs delecias. 

 
 magaliTi 4: BRET analizi 

 eqsperimentebis pirvel kompleqtSi kontrolirdeboda, rom 

Seusabamo Tagvis IgG1, adamianis IgG1 da adamianis IgG2-s araviTari 

gavlena ar hqonda HGF-iT inducirebul BRET signalze orive BRET 

modelSi (fig.3). es Mab-ebi Semdgom gamoyenebuli iyo rogorc 

kontroli. 

 Semdeg Sefasebul iqna Tagvis 224G11 Mab ([224G11]chim), Tagvis 11E1 

Mab ([11E1]chim} da Tagvis 227H1 Mab ([227H1]chim) IgG1-is qimeruli 

formebis gavlena c-Met-is dimerizaciasa da aqtivaciaze BRET modelSi. 

 maSin roca, Tagvis 224G11 Mab axdens HGF-iT inducirebuli BRET 

signalis 59% inhibirebas c-Met dimerizaciis modelSi, [224G11]chim Mab 
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ainhibirebs mxolod 29% (fig.4).  [224G11]chim antisxeuli aseve naklebad 

efeqturia HGF-iT inducirebul c-Met aqtivaciaSi, vinaidan [224G11]chim 

da m224G11 antisxeulebi axdenen HGF inducirebuli BRET signalis 

inhibirebas 34.5% da 56.4% (fig.5). garda amisa, calke mxolod m224G11-s 

araviTari gavlena ar hqonda c-Met aqtivaciaze, maSin roca, 

[224G11]chim-ma gamoamJRavna nawilobrivi agonisturi efeqti c-Met 

aqtivaciaze, rac Seesabameboda 32.9% HGF-iT inducirebuli signalisa. 

[224G11]chim-is es  nawilobrivi agonisturi efeqti aseve gamoCnda  c-Met 

dimerizaciis BRET modelze, radgan [224G11]chim marto inducirebda 

BRET signalis zrdas, rac Seesabameboda HGF-iT inducirebuli 

signalis 46.6% SedarebiT 21.3%-Tan  m224G11-Tvis. 

 mZime jaWvis saxsruli domenis genuri inJineriiT miRebuli 

versiebis meore seriis agonisturi efeqturoba Sefasebul iqna c-Met 

aqtivaciis BRET modelSi (figurebi 13A da 13B). c224G11-is 

sapirispirod, romelsac gaaCnda nawilobrivi agonisturi efeqti c-Met 

aqtivaciaze, 224G11 antisxeulis saxsaris sxvadasxva mutaciis qimerul 

formebs, romlebic Seicavda aminomJavas Canacvlebas, aminomJavas 

delecias, an orives, ar gaaCnda mniSvnelovani gavlena cMet aqtivaciaze, 

esenia:  c224G11[C2], c224G11[C3], c224G11[C5], c224G11[C6], c224G11[C7], 

c224G11[Δ1-3], c224G11[Δ4-5-6], c224G11[Δ5-6-7-8], c224G11[C7Δ6], 

c224G11[C6Δ9], c224G11[C2Δ5-7], c224G11[C5Δ2-6] an c224G11[C9Δ2-7]. 

sapirispirod, saxsaris mutaciiT miRebulma sxva qimerulma formebma 

aCvenes gazrdili agonisturi efeqti, esenia: c224G11[Δ6], c224G11[C11], 

c224G11[C12] da c224G11[C14]. 

 
 magaliTi 5: c-Met-is amocnoba qimeruli da humanizebuli 224G11 

formebis mier 

 rekombinantul c-Met-ze sxvadasxva qimeruli da humanizebuli 

formebis bmis unaris gansazRvris mizniT Catarebul iqna pirdapiri 

ELISA. cdis mokle aRweriloba Semdegia: rekombinantuli dimeruli c-

Met, miRebuli R&D Systems-dan, 1.25 mkg/ml, dafarul iqna  96 fosoian 

Immunlon II Tasebze. Ramis ganmavlobaSi inkubaciis Semdeg 40C 
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temperaturis pirobebSi, fosoebi gajerebul iqna 0.5% Jelatini/PBS 

xsnariT. amis Semdeg satesto antisxeulebis orjeradad ganzavebuli 

xsnarebis damatebamde, Tasebi inkubirebul iqna 1 saaTis ganmavlobaSi 

370C temperaturis pirobebSi. Tagvis antisxeulis deteqtirebisaTvis 

Txis anti-Tagvi IgG HRP-s damatebamde da qimeruli da humanizebuli 

antisxeulis amocnobis mizniT Txis anti-adamiani Kappa msubuqi jaWvis 

HRP-s damatebamde Tasebi inkubirebul iqna damatebiTi erTi saaTis 

ganmavlobaSi. Semdeg Tasebi inkubirebul iqna erTi saaTis 

ganmavlobaSi, ris Semdegac damatebul iqna peroqsidazas substrati 

TMB Uptima 5 wuTis ganmavlobaSi 1 moli H2SO4-iT neitralizaciamde. 

Sedegebi mocemulia figurebze 6A da 6B, romlebidanac Cans, rom yvela 

testirebuli forma Sesadaria c-Met amocnobisaTvis. 

 
 magaliTi 6: Tagvisa da qimeruli antisxeulebis gavlena HGF-

inducirebuli NCI-H441 ujredebis proliferaciaze in vitro 

 NCI-H441 ujredebi ATCC-dan Cveulebriv iqna kultivirebuli 

RPMI 1640 mkvebav garemoSi (Invitrogen Corporation, Scotland, UK), 10% FCS-Si 

(Invitrogen Corporation), 1% L-glutaminSi (Invitrogen Corporation). 

proliferaciis cdebisaTvis gamoyenebamde 3 dRiT adre ujredebi 

dayofil iqna ise, rom daTesvis win isini imyofebodnen mTliani zrdis 

fazaSi. NCI-H441 ujredebi daTesil iqna 96 fosoian, qsovilis 

kultivirebisaTvis gankuTvnil TasebSi simkvriviT 3.75x104 

ujredi/fosoze, 200 mkl uSrato garemoSi (RPMI 1640 mkvebavi garemo 

plus 1% L-glutamini). daTesvidan 24 saaTis Semdeg, satesto 

antisxeulebi damatebul iqna NCI-H441 ujredebze da inkubirebul iqna 

370C temperaturis pirobebSi, 30 wuTis ganmavlobaSi manam, sanam 

damatebuli iqneboda HGF saboloo koncentraciiT 400 ng/ml (5 nmoli) 

damatebiTi 142 saaTis ganmavlobaSi. TiToeuli antisxeulisaTvis 

testirebuli dozebis diapazoni iyo 10-dan 0.0097 mkg/ml-mde (saboloo 

koncentracia yovel fosoSi). am eqsperimentSi Tagvis IgG1 Mab 

damatebul iqna rogorc Tagvis izotipis kontroli, xolo satesto 

antisxeulebi iyo: m224G11, m11E1, m227H1 da maTi adamianis IgG1-is 
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qimeruli formebi, Sesabamisad aRniSnuli rogorc [224G11]chim, 

[11E1]chim da [227H1]chim. Setanil iqna agreTve mxolod 

ujredebdaTesili fosoebi -/+ HGF. Semdeg ujredebi 0.25 mikrokiuri 

(µCi) [3H]TimidinTan (Amersham Biosciences AB, Uppsala, Sweden) erTad 

injRreoda 7 saaTisa da 30 wuTis ganmavlobaSi. [3H]Timidinis 

raodenoba, romelic CarTul iqna triqlorZmarmJava-uxsnad dnm-Si, 

daTvlil iqna Txevadi scintilaciis gamoTvlis saSualebiT. Sedegebi 

gamosaxul iqna rogorc aratransformirebuli cikli wuTSi (cpm) 

monacemebi, raTa ukeTesad iqnes Sefasebuli potencialuri sakuTari 

agonisturi aqtivoba, romelic SeiZleba axasiaTebdes anti-c-Met Mab-

ebs, rodesac isini calke emateba simsivnis ujredebs. 

 rogorc mosalodneli iyo, figurebze 7A, 7B da 7C gamosaxuli 

Sedegebi gviCvenebs, rom Tagvis antisxeulebi kibos ujredebze marto, 

nebismieri satesto doziT damatebisas, ar amJRavnebs agonistur 

efeqts. HGF-inducirebul proliferaciaze mniSvnelovan zegavlenas ar 

hqonda adgili izotipis kontrolis mxridan, am eqsperimentSi am 

izotipis kontrolisaTvis aRniSnul maRal cikli wuTSi (cpm) 

variaciebTan mimarTebaSi. mIgG1 izotipis kontrolis Mab-Tan an 

mxolod ujredebTan SedarebiT, calke damatebisas arc Tagvis 

m224G11, m11E1 an m227H1  antisxeulebi amJRavnebden raime agonistur 

efeqts. dozaze damokidebulma anti-proliferaciis aqtivobam miaRwia 

78%, 80% an 80% Sesabamisad m224G11, m11E1 an m227H1 Mab-ebisTvis 

(inhibirebis % gamoTvla: 100-[(cpm ujredebi+Mab satesto-saSualo cpm 

fonis mIgG1)x100/(saSualo cpm ujredebi+HGF-saSualo cpm marto 

ujredebi)]). gasaocaria, magram am sami Mab-is qimerul formas 

aReniSneba mniSvnelovani, dozaze damokidebuli agonisturi efeqtis 

inducireba calke damatebisas, zrdis stimulaciiT, romelic [11E1]chim 

da [227H1]chim-Tvis axlos aris HGF-iT gamowveul zrdis 

stimulaciasTan. am 2 antisxeulisaTvis, romlebic aCvenebs 

gansakuTrebiT maRal sakuTar agonistur aqtivobas, antagonisturi 

efeqti mniSvnelovnad Semcirebuli iyo, aRiniSneboda 53% da 21% 

mainhibirebeli efeqti SedarebiT 80%-Tan, romelsac adgili hqonda 
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orive maTi Tagvis formisaTvis. agonisturi efeqti, romelic 

aRiniSneboda qimerul [224G11]chim-Tvis aseve dozadamokidebulia, 

magram ufro dabali, vidre [11E1]chim da [227H1]chim-Tvis aRniSnuli 

efeqti. Tumca am agonistur efeqts gavlena hqonda HGF-inducirebul 

proliferaciis in vitro inhibirebaze, romelmac Tagvis m224H1-is 78%-dan 

wainacvla 50%-ken misi qimeruli formisaTvis. imis gansasazRvravad 

aris Tu ara aseTi “ufro dabali” in vitro sakuTari agonisturi aqtivoba 

Tavsebadi ucvlel in vivo efeqtTan, orive m224G11 da [224G11]chim 

warmoebul iqna in vivo testirebisaTvis. wina kvlevebis msgavsad, 30 

mkg/Tagvi dozam aCvena mniSvnelovani aqtivoba da es doza iqna arCeuli 

in vivo SefasebisaTvis. 

 
 magaliTi 7: NCI-H441 qsenotransplantantis modelze Tagvisa da 

qimeruli 224G11 Mab-ebis in vivo Sedareba 

 NCI-H441 miRebul iqna filtvis papilaruli adenokarcinomadan, 

mas aReniSneboda c-Met-is maRali doneebi da c-Met RTK-s arsebiTi 

fosforileba. 

 NCI-H441 qsenotransplantantur modelze antisxeulebis in vivo 

efeqtis SefasebisaTvis rva kviris asakis eqvsi Tagvi moTavsebul iqna 

sterilizebul, filtriT gadafarul galiebSi, romlebic sterilur 

pirobebSi imyofeboda da manipulireba mimdinareobda franguli da 

evropuli instruqciebis mixedviT. Tagvebs kanqveS gaukeTdaT 9x106 

ujredis ineqcia. ujredebis implantaciidan 6 dRis Semdeg simsivneebi 

gazomvadi iyo (daaxloebiT 100 mm3), cxovelebi daiyo Sesadari zomis 

simsivneebis mqone 6 Tagvisagan Sedgenil jgufebad da maTi 

mkurnaloba daiwyo 60 mkg/Tagvi dartymiTi doziT da Semdeg kviraSi 

orjer keTdeboda yoveli satesto antisxeulis 1 mg/doza. TagvebSi 

xdeboda qsenotransplantatis zrdis dakvirveba. simsivnis moculoba 

gamoiTvleboda formuliT: π(Pi)/6XsigrZeXsiganeXsimaRle. figuraze 8 

gamosaxuli Sedegebi gviCvenebs, rom Tagvis Mab, romelsac ar 

aReniSneboda agonisturi aqtivoba, rogorc mosalodneli iyo, in vivo 

iqceoda rogorc Zlieri antagonisti dabali satesto dozis 
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SemTxvevaSic. Tagvis Mab-Tan dakavSirebiT aRniSnulis sapirispirod, 

qimeruli Mab amJRavnebda Zlier tranzitul in vivo aqtivobas da 

simsivne sruliad ar daeqvemdebara mkurnalobas D20-iT ujredebis 

ineqciis Semdeg. am eqsperimentiT naTlad aris naCvenebi, rom in vitro 

agonisturi efeqtis zrda, rac iwvevs antagonisturi aqtivobis 

Semcirebas, aseve samarTliania antagonisturi aqtivobis in vivo 

mniSvnelovani danakargis TvalsazrisiT. 

 
 magaliTi 8: NCI-H441 ujredebis HGF-inducirebul 

proliferaciaze Tagvis 224G11 Mab-is da am antisxeulis qimeruli da 

humanizebuli sxvadasxva versiebis in vitro efeqti  

 NCI-H441 ujredebi ATCC-dan Cveulebriv iqna kultivirebuli 

RPMI 1640 mkvebav garemoSi (Invitrogen Corporation, Scotland, UK), 10% FCS-Si 

(Invitrogen Corporation), 1% L-glutaminSi (Invitrogen Corporation). 

proliferaciis cdebisaTvis gamoyenebamde 3 dRiT adre ujredebi 

dayofil iqna ise, rom daTesvis win isini imyofebodnen mTliani zrdis 

fazaSi. NCI-H441 ujredebi daTesil iqna 96 fosoian, qsovilis 

kultivirebisaTvis gankuTvnil TasebSi simkvriviT 3.75x104 

ujredi/Rrmulze 200 mkl uSrato garemoSi (RPMI 1640 mkvebavi garemo 

plus 1% L-glutamini). daTesvidan 24 saaTis Semdeg, satesto 

antisxeulebi damatebul iqna NCI-H441 ujredebze da inkubirebul iqna 

370C temperaturis pirobebSi 30 wuTis ganmavlobaSi manam, sanam 

damatebuli iqneboda HGF saboloo koncentraciiT 400 ng/ml (5 nmoli) 

damatebiTi 142 saaTis ganmavlobaSi. TiToeuli antisxeulisaTvis 

testirebuli dozebis diapazoni iyo 10-dan 0.0097 mkg/ml-mde (saboloo 

koncentracia yovel fosoSi). am eqsperimetrSi Tagvis IgG1 Mab 

damatebul iqna rogorc Tagvis izotipis kontroli da rogorc 

agonisturi uaryofiTi kontroli. satesto antisxeulebi iyo: i) 

m224G11, ii) misi adamianis IgG1-is qimeruli formebi, romlebic 

Sesabamisad aRniSnulia, rogorc [224G11]chim, [224G11][MHchim], 

[224G11][MUP9Hchim], [224G11][MMCHchim], [224G11][TH7chim] da iii)  misi 

humanizebuli formebi, romlebic aRniSnulia, rogorc  [224H1][Hz1], 
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[224H1][Hz2], [224H1][Hz3]. Setanil iqna agreTve mxolod 

ujredebdaTesili fosoebi -/+ HGF. 5D5 mTliani antisxeuli Genentech-

idan, romelic komerciulad aris xelmisawvdomi ATTC-Si rogorc 

hibridomas ujredebis xazi, Setanil iqna rogorc sruli agonisturi 

dadebiTi kontroli da SemdgomSi aRiniSneba rogorc m5D5. Semdeg 

ujredebi 0.25 mikrokiuri (μCi) [3H]TimidinTan (Amersham Biosciences AB, 

Uppsala, Sweden) erTad injRreoda 7 saaTisa da 30 wuTis ganmavlobaSi. 

[3H]Timidinis raodenoba, romelic CarTul iqna triqlorZmarmJava-

uxsnad dnm-Si, daTvlil iqna Txevadi scintilaciis gamoTvlis 

saSualebiT. Sedegebi gamosaxul iqna, rogorc aratransformirebuli 

cikli wuTSi (cpm) monacemebi, raTa ukeTesad yofiliyo Sefasebuli 

potencialuri sakuTari agonisturi aqtivoba, romelic SeiZleba 

axasiaTebdes anti-c-Met Mab-ebs, rodesac isini calke emateba simsivnis 

ujredebs. 

 figuraze 9A asaxulma Sedegebma aCvena, rom rogorc 

mosalodneli iyo, arc izotipis kontrols da arc m224G11-s ar 

gamoumJRavnebia raime agonisturi aqtivoba NCI-H441 proliferaciaze. 

izotipis kontrols HGF-inducirebul ujredebis proliferaciaze 

araviTari gavlena ar hqonia, magram m224G11-s aRmoaCnda 66% 

inhibirebis unari 10 mkg/ml saboloo koncentraciiT damatebisas. m5D5-

ma, romelic agonist-kontrolad  iyo gamoyenebuli, aCvena, rogorc 

mosalodneli iyo, srulad dozaze damokidebuli agonisturi efeqti 

ujredebze calke damatebisas. rogorc ukve dakvirvebuli iyo, 

[224G11]chim Mab amJRavnebs mniSvnelovan dozadamokidebul agonistur 

efeqts da Semcirebul inhibitorul aqtivobas: 19% nacvlad Tagvis 

formis 66%-isa. calke damatebisas sami IgG1 humanizebuli Mab 

amJRavnebda dozadamokidebul agonistur efeqts m224G11 formasTan 

SedarebiT. [224G11][Hz1], [224G11][Hz2], [224G11][Hz3]–s aReniSnebaT 

Sesadari antagonisturi aqtivoba, romelic daaxloebiT 46, 30 da 35% 

tolia. aqtivobis Ees sidideebi  mniSvnelovnad  naklebia  vidre 

m224G11-Tvis miRebuli aqtivoba. figuraze 9B gamosaxulia sxvadasxva 

IgG1 qimeruli formebis testirebis Sedegebi. [224G11]chim formasTan 
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SedarebiT, romelsac NCI-H441 ujredebze calke damatebisas 

aReniSneba dozadamokidebuli agonisturi efeqti, [224G11][MH chim], 

[224G11][MUP9H chim], [224G11][MMCH chim], [224G11][TH7 chim] formebs ar 

aRmoaCndaT mniSvnelovani agonisturi efeqti. maTi antagonisturi 

aqtivoba meti aRmoCnda, vidre m224G11 Mab-is antagonisturi aqtivoba 

(57%), da inhibirebis sidide iyo 79, 78, 84 da 93% Sesabamisad 

[224G11][MH chim], [224G11][MUP9H chim], [224G11][MMCH chim], [224G11][TH7 

chim]-Tvis. 

 
 magaliTi 9: 224G11 Mab-is sxvadasxva IgG1 qimeruli da 

humanizebuli formis in vitro efeqti 

NCI-H441 ujredebi ATCC-dan Cveulebriv iqna kultivirebuli 

RPMI 1640 mkvebav garemoSi (Invitrogen Corporation, Scotland, UK), 10% FCS-Si 

(Invitrogen Corporation), 1% L-glutaminSi (Invitrogen Corporation). 

proliferaciis cdebisaTvis gamoyenebamde 3 dRiT adre ujredebi 

dayofil iqna ise, rom daTesvis win isini imyofeboda mTliani zrdis 

fazaSi. NCI-H441 ujredebi daTesil iqna 96 fosoian, qsovilis 

kultivirebisaTvis gankuTvnil TasebSi simkvriviT 3.75x104 

ujredi/fosoze 200 mkl uSrato garemoSi (RPMI 1640 mkvebavi garemo 

plus 1% L-glutamini). daTesvidan 24 saaTis Semdeg, satesto 

antisxeulebi damatebul iqna NCI-H441 ujredebze da inkubirebul iqna 

370C temperaturis pirobebSi 30 wuTis ganmavlobaSi manam, sanam 

damatebuli iqneboda HGF saboloo koncentraciiT 400 ng/ml (5 nmoli) 

damatebiTi 142 saaTis ganmavlobaSi. TiToeuli antisxeulisaTvis 

testirebululi dozebis diapazoni iyo 10-dan 0.0097 mkg/ml-mde 

(saboloo koncentracia yovel RrmulSi). am eqsperimentSi Tagvis IgG1 

Mab damatebul iqna rogorc fonis uaryofiTi kontroli agonisturi 

aqtivobisaTvis. satesto antisxeulebi iyo: i) m224G11, ii) misi adamianis 

IgG1-is qimeruli formebi, romlebic Sesabamisad aRniSnulia, rogorc 

[224G11]chim, [224G11][TH7chim] iii)  misi humanizebuli IgG1 formebi, 

romlebic aRniSnulia, rogorc [224G11][TH7 Hz1], [224G11][TH7 Hz3]. 

Setanil iqna agreTve mxolod ujredebdaTesili fosoebi -/+ HGF. 5D5 
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mTliani antisxeuli Genentech-dan, romelic komerciulad aris 

xelmisawvdomi ATTC-Si rogorc hibridomas ujredebis xazi, Setanil 

iqna rogorc sruli agonisturi dadebiTi kontroli da SemdgomSi 

aRiniSneba rogorc m5D5. Semdeg ujredebi 0.25 mikrokiuri (µCi) 

[3H]TimidinTan (Amersham Biosciences AB, Uppsala, Sweden) erTad injRreoda 

7 saaTisa da 30 wuTis ganmavlobaSi. [3H]Timidinis raodenoba, romelic 

CarTul iqna triqlorZmarmJava-uxsnad dnm-Si, daTvlil iqna Txevadi 

scintilaciis gamoTvlis saSualebiT. Sedegebi gamosaxul iqna, 

rogorc aratransformirebuli cikli wuTSi (cpm) monacemebi, 

imisaTvis, rom ukeTesad yofiliyo Sefasebuli potencialuri sakuTari 

agonisturi aqtivoba, romelic SeiZleba axasiaTebdes anti-c-Met Mab-

ebs, rodesac isini calke emateba simsivnis ujredebs. 

figuraze 10 naCvenebia, rom m224G11 Mab amJRavnebs Cveulebriv 

inhibitorul efeqts (74% inhibireba).Qqimeruli IgG1 formas 

[224G11]chim, rogorc mosalodneli iyo, gaaCnia dozadamokidebuli 

sakuTari agonisturi efeqti da Tagvis formasTan SedarebiT ufro 

dabali antagonisturi efeqti: 33% SedarebiT 74% inhibirebasTan. am 

eqsperimentSi [224G11][TH7 chim]-s gaaCnda Zlier susti agonisturi 

aqtivoba. garda amisa, man gamoamJRavna maRali inhibitoruli efeqti 

(81%), romelic axlos aris Tagvis Mab-is aRniSnul efeqtTan. or 

humanizebul formas ar aReniSneboda araviTari agonisturi efeqti da 

antagonisturi efeqti axlos iyo Tagvis Mab-Tvis an [224G11][TH7 chim]-

Tvis miRebul antagonistur efeqtTan da igi toli iyo 67 da 76% 

inhibirebisa [224G11][Hz1] da [224G11][Hz3]-Tvis Sesabamisad. 

 
magaliTi 10: izotipis gadarTva inJineriiT miRebuli [TH7] 

saxsruli ubnisaTvis 

[TH7] saxsruli ubnis TanamimdevrobiT, romelic Seesabameba 

PKSCDCHCPPCP-s, inducirebuli farmakologiuri Tvisebebis 

modulaciis Sefasebis mizniT, imunoglobulinis izotipis ZiriTad 

jaWvSi, adamianis IgG1-is gamoklebiT, zemoaRwerili [TH7] 

Tanamimdevroba genetikurad gadatanil iqna adamianis IgG2 da IgG4-is 

ZiriTad jaWvebSi. saxsruli ubnis modifikacia ganxorcielebul iqna 
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{NhelI-Bcll} restriqciis fragmentis SecvliT [TH7] modifkaciis 

matarebeli ekvivalenturi nawiliT. {Nhel-Bcll} fragmenti 

sinTezirebuli iyo globaluri genuri sinTezis saSualebiT (Genecust, 

LU). klonirebis etapebi Sesrulebul iqna Cveulebrivi molekulur-

biologiuri teqnikis gamoyenebiT, romelic aRwerilia laboratoriul 

saxelmZRvaneloSi (Sambrook and Russel, 2001) an momwodeblis 

instruqciebis mixedviT. TiToeuli genetikuri konstruqcia srulad 

Semowmebuli iyo nukleotidebis Tanamimdevrobis gansazRvriT Big Dye 

terminator cycle sequencing kompleqtis (Applied Biosystems) gamoyenebiT da 

analizirebul iqna 3100 Genetic Analyzer-is gamoyenebiT (Appllied Biosystems, 

US). Sedegad miRebuli Tanamimdevrobebi aRniSnulia SEQ ID No; 78, 79, 80 

da 81, adamianis IgG2 da IgG4 TH7-inJinirebuli izotipebis Sesabamisi 

aminomJavebisa da nukleotidebis TanamimdevrobebisTvis (mxolod mZime 

jaWvi, msubuqi jaWvi c224G11/human Ckappa-s identuri iyo, romelic 

gamoiyeneboda yvela danarCeni IgG1-dafuZnebul konstruqciebisaTvis). 

es axali konstruqciebi gamoyenebul iqna qimerul 224G11 anti-c-Met 

Mab-Si, rogorc aRwerili iyo zemoT, magaliTSi 2. 

genuri inJineriiT miRebuli Sesabamisi antisxeulebis 

c224G11[IgG2TH7] da c224G11[IgG4TH7] warmoeba mimdinareobda 

zemoaRwerilis mixedviT, tranzituli eqspresiis saSualebiT 

suspenzia-adaptirebul HEK293 EBNA ujredebSi. 

 
magaliTi 11: inJineriiT miRebuli Mab-ebis c224G11[IgG2TH7] da 

c224G11[IgG4TH7]  Sefaseba fosfo-c-Met-specifikur ELISA analizSi da 

BRET analizSi 

TH7 saxsari aseve Setanil iqna IgG2 da IgG4 qimerul 224G11 Mab-

ebSi da testirebul iqna c-Met receptoris fosforilebis analizis 

saSualebiT. rogorc 14A da 14B naxazebidan Cans, c224G11[IgG2TH7] da 

c224G11[IgG4TH7] calcalke iwvevs sust agonistur efeqts, romelic 

mniSvnelovnad ufro sustia, vidre c224G11 Mab-is agonisturi efeqti, 

da amJRavnebs 224G11 Mab-is Tagvis formis (m224G11) Sesadar 

antagonistur efeqts. es Sedegi dadasturebuli iyo c-Met aqtivaciis 
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BRET modeliT (fig.15), sadac c224G11[IgG2TH7] da c224G11[IgG4TH7]-ma 

aCvena agreTve ufro susti agonisturi efeqti, vidre c224G11 Mab-ma. 

amrigad, TH7 saxsaris mutacia Setanili IgG2 an IgG4 Mab formatSi 

iZleva c224G11[TH7]-is msgavs Tvisebebian funqciur antisxeulebs. 

 
magaliTi 12 ujredebis adheziis analizi 

PC3 prostatis kibos ujredebi aSrevebul iqna Tasidan 

tripsiniT, garecxil iqna 3-jer uSrato F12k garemoTi da 

resuspendirebul iqna imave garemoSi. ujredebi (100.000 ujredi/foso) 

daTesil iqna 96-fosoian Laminin 1-iT (1 mkg/ml) gadafarul TasebSi. 

erTdroulad damatebul iqna anti-CD151 Mab-is momdevno formebi, 

saboloo koncentraciiT 10 mkg/ml: Tagvis IgG1 Mab m214B2, c214B2-ad 

wodebuli, aramodificirebuli qimeruli IgG1 antisxeulis forma da 

qimeruli IgG1 antisxeulis forma TH7 modifikaciiT, romelsac 

ewodeba cTH7-214B2. 

CD151 aris membranuli proteini, romelic ekuTvnis 

tetraspaninebis ojaxs, xolo anti-CD151 Mab 214B2 warmoebulia 

hibridomas saSualebiT, romelic registrirebulia I-3919, CNCM-Si 2008 

wlis 21 Tebervals da aRwerilia gamoqveynebul patentis ganacxadSi 

WO 2009/136070. 

Tagvisa da adamianis IgG1 antisxeulebi gamoyenebuli iyo rogorc 

izotipis kontrolis antisxeulebi. saboloo pirobebi Semdegi iyo: 

100000 ujredi/fosoze da antisxeulebis 10 mkg/ml. 370C temperaturis 

pirobebSi erTi saaTis ganmavlobaSi inkubaciis Semdeg, Tasebi swrafad 

iqna gamoRebuli da garecxili orjer uSrato F12k garemoSi. 

analizamde 100 mkl uSrato F12k garemo ganawilebul iqna TiToeul 

fosoSi. ujredebis adheziaze antisxeulebis gavlenis Sefasebis 

mizniT, fosoebi gadaRebul iqna faza-kontrastul mikroskopSi (fig.16). 

adhezirebuli ujredebis ricxvi gansazRvrul iqna ATP analizis 

saSualebiT (fig.17). 

Tagvis 214B2 da qimerul TH7-214B2 antisxeulebs gaaCniaT 

ujredi-ujredTan urTierTqmedebis modificirebis (fig16) da 
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ekvivalenturad PC3 ujredebis adheziis gazrdis unari (fig.17). amave 

dros, araviTari gavlena ar aRiniSneboda aramodificirebuli 

qimeruli formisa 214B2 (c214B2), romelic Sesadaria adamianis IgG1 

izotipis kontrolis antisxeulis. 

 

formula: 

1. xerxi specifikur samizne molekulis winaaRmdeg mimarTuli IgG1 

monoklonuri antisxeulis an misi orvalentiani funqciuri fragmentis 

an warmoebulis antagonisturi aqtivobis gaumjobesebisaTvis, amasTan 

aRniSnul antisxeuls gaaCnia samizne molekulis erTi an meti 

biologiuri aqtivobis inhibirebis unari, sadac xerxi iTvaliswinebs 

aRniSnuli IgG1 antisxeulis saxsruli ubnis rekonfiguraciis etaps, 

amasTan saxsruli ubani Seicavs naSTebs H1-H14 da rekonfiguraciis 

etapSi gaTvaliswinebulia saxsruli ubnis aminomJavuri 

Tanamimdevrobis modifikacia, sadac aRniSnuli monoklonuri 

antisxeuli IgG1 an misi orvalentiani funqciuri fragmenti an 

warmoebuli Seicavs saxsruli ubnis modificirebul aminomJavur 

Tanamimdevrobas, SerCeuls jgufidan:  SEQ ID No. 2-6, SEQ ID No. 22-26, SEQ 

ID No. 28, SEQ ID No. 29, SEQ ID No. 33-39 da SEQ ID No. 41-49.  

 
2. xerxi, m. 1 mixedviT, sadac aRniSnuli monoklonuri antisxeuli aris 

orvalentiani antisxeuli. 

3. xerxi, m. 1 an 2 mixedviT, sadac aRniSnuli monoklonuri antisxeuli aris 

qimeruli antisxeuli. 

4. xerxi, m. 1 an 2 mixedviT, sadac aRniSnuli monoklonuri antisxeuli 

aris humanizebuli antisxeuli. 

 
5. xerxi, m. 1-4 nebismiermis mixedviT, sadac aRniSnuli samizne 

molekula aris transmembranuli receptori. 

6. xerxi, m.5-is mixedviT, sadac aRniSnuli transmembranuli receptori 

SerCeulia jgufidan, romelic Sedgeba tirozin kinazas 

receptorebidan, tetraspaninidan da GPCR-ebidan. 

52 
 

GE P 2013 5931 B

dchitishvili
Text Box
gamogonebis formula




53 
 

 
7. specifikuri samizne molekulis winaaRmdeg mimarTuli 

antagonisturi monoklonuri IgG1 antisxeulis, an misi orvalentiani 

funqciuri fragmentis an warmoebulis skriningis xerxi, amasTan 

aRniSnul antisxeuls gaaCnia samizne molekulis erTi an meti 

biologiuri aqtivobis inhibirebis unari, sadac aRniSnuli xerxi 

iTvaliswinebs etapebs: 

(a) sawyisi antisxeulis arCevas, romelsac gaaCnia aRniSnuli 

samizne molekulis erTi an meti biologiuri aqtivobis inhibirebis 

sawyisi done, 

(b) aRniSnuli sawyisi antisxeulis saxsruli ubnis 

aminomJavuri Tanamimdevrobis modificirebas, sadac aRniSnuli xerxi 

Seicavs saxsruli ubnis rekonfiguraciis etaps, romelic 

iTvaliswinebs aRniSnuli saxsruli ubnis aminomJavuri 

Tanamimdevrobis modifikacias, sul mcire, erTi amonomJavas deleciiT, 

damatebiT an CanacvlebiT, 

(c) etapze (b) modificirebuli antisxeulis mier aRniSnuli 

samizne molekulis erTi an meti biologiuri aqtivobis inhibirebis 

unaris Sefasebas, da 

(d) etapze (c) gamovlenili dadebiTi Sedegis mqone im 

antisxeulis arCevas, romelsac gaaCnia aRniSnuli samizne molekulis 

sawyis doneze erTi an meti biologiuri aqtivobis inhibirebis ufro 

maRali done. 

 
8. izolirebuli nukleinmJava, romliTac kodirebulia 

modificirebuli monoklonuri antisxeuli muxlebis 1-7 mixedviT. 

9. izolirebuli nukleinmJava, m.8 mixedviT, sadac aRniSnuli 

nukleinmJava Seicavs nukleotidur Tanamimdevrobas, SerCeuls 

jgufidan: SEQ ID No. 16-20, SEQ ID No. 50-54, SEQ ID No. 56, SEQ ID No. 57, SEQ 

ID No. 61-67 da SEQ ID No. 69-77. 
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