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duqtuluri reaqciis arsi da meqanizmebi 

naRvlis saerTo sadinaris gadakvanZvidan 

adreul vadebze virTagvebSi 

 

Sesavali 

 

aqtualuroba 

RviZlis regeneracia erT-erTi yvelaze farTod Seswavladi 

procesia. dadgenilia, rom RviZlis ujredebis gaZlierebuli 

proliferaciiT mimdinare am process dasabams aZlevs RviZlis didi 

masis erTbaSad dakargva an dazianeba, magaliTad parciuli 

hepateqtomia (RviZlis rezeqcia), karis venis erTi an ramodenime 

wilovani totis gadaketva, CCl4-iT mowamvla da sxva (Bowen et al.,  1996;    

Michalopoulos, DeFrances, 1997; Fausto, Campbell, 2003; Mitsuta et al., 2004).  

dadasturebulia, rom parciuli hepateqtomia xdeba hepatocitTa 

mZlavri mitozuri proliferaciis iniciatori, ris Sedegadac 

intervenciidan 1-2 kviris Tavze RviZli praqtikulad srulad 

aRidgens Tavis masas (Teresa, Sandgren, 2000;  Michalopoulos, DeFrances, 1997; 

Hua-Sheng Xu et al.,1993; Zimmermann, 2002;  Zhi Zhong et al., 2006;  Drixler, 1991; 

Zhao et al.,  2001; Fausto, Campbell, 2003; Tolentino et al., 2006;  Ninomiya et al., 2004.) 

dadgenilia, rom mitozebis gaSveba xdeba adreuli pasuxis genebis 

(apg) aqtivaciis Sedegad mogvianebiTi pasuxis genebis `CarTviT~ ( Luc  

Lambotte   et al., 1997;  Fausto ,  Laird, 1995; Zimmermann, 2002; 2Zhi  hong  Robert et 

al., 2006;  Columbano,  Hisashi Shinozuka, 1996;  Mueller  Lars  et al., 2002;   Sergio 

Laconi et al., 1999;   Rudolph et al., 2000;  Fausto et al.,  2003;  Chun-Ping Wang    et al., 

2006;    Shubing Liu  et al., 2002).  miCneulia, rom es procesi ver 

xorcieldeba zrdis faqtorebis gareSe. zrdis faqtorebisa da 

adreuli pasuxis genebis aqtivaciis urTierTdamokidebulebis natifi 

meqanizmebi bolomde ar aris dadgenili, Tumca maTi orivesi 

zegavlena mitozebis talRis induqciaze dadasturebulia (Takashi Niiya  
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et al., 1999; Weglarz,  Sandgren, 2000; Michalopoulos,  DeFrances, 1997;  Zimmermann, 

2002;2Zhi Zhong  et al., 2006;Columbano,  Shinozuk Hhisashi, 1996; Shinozuka Hisashi, 

Columbano,1996 ; Mueller Lars  et al, 2002;  ;  Zhao et al.,  2001; Fausto, Campbell, 2003;  

Shubing Liu et al., 2002). 

naRvlis saerTo sadinaris okluziiT (nsso) gamowveuli mwvave 

qolestazic aseve iwvevs RviZlis qsovilSi proliferaciul 

procesebs (Yoshioka et al., 2005; Rubin et al., 1995). mravali naSromiTaa 

dadasturebuli qolestazis pirobebSi naRvlis sadinarebis gamomfeni 

epiTeliocitebisa da TviT am sadinarebis proliferacia, rac Tavs 

iCens naRvlis saerTo sadinaris okluziidan ukve me-2-3 dRes da 

grZeldeba ramodenime kviris ganmavlobaSi.  ( Alpini  et al.,  1988;  Alpini  et 

al.,1998;  Mukaddes Esrefoglu  et al., 2005;  Padilloa Francisco   et al., 2004;  Gaudio et 

al., 1996;  Yoshiya Ito  et al.,  2003;  Murakami   et al., 2001;  Paku  et al., 2001;   Karsten 

Thomas   et al.,  1998;  Margaritis et al., 2005;  Masayuki Ohtsuka   et al., 2000). 

qolangiocitebis proliferacia aRiniSneba msxvili kalibris naRvlis 

sadinarebSi me-2-3 dRes, xolo mcire kalibris sadinrebSi me-5 dRes 

(Alpini et al., 1998; LeSage, 2001; Glasser et al., 2009; Glasser et al., 2010). biliuri 

epiTeliocitebisa da sadinarebis proliferaciis trigerad miCneulia 

biliuri hipertenzia (Azmaifarashvili et al., 2009, Kordzaia, 2009, Glasser et al., 

2010). nsso-iT ganpirobebuli qolestazi aseve iwvevs proliferaciuli 

mediatorebis transkripciuli aqtivobis matebas, rasac Tan sdevs 

hepatocitebis mkveTri proliferaciac pikiT me-4 dRes (Dzidziguri et al., 

2004; Kordzaia, 2009).  

RviZlSi proliferaciuli procesebis erT-erTi, amasTanave 

xSirad gamovlinebadi formaa duqtuluri reaqciac (ductular reaction). is 

Tan axlavs adamianis RviZlSi mimdinare mraval mwvave da qronikul 

daavadebas da mRrRnelebis RviZlis mravalferovan eqsperimentul 

dazianebebs.  

duqtuluri reaqcia morfologiurad aisaxeba RviZlis 

histologiur anaTlebSi naRvlis sadinarebis profilebis matebiT, 

rasac axlavs neitrofiluri leikocitebiTa da mononukleocitebiT 

qsovilis infiltracia da mzardi fibrozi (Desmet, 1987;  Gerber  et 

al.,1983;  Mac Sween,  Burt  1989;  Uchida, Peters, 1983 ).  
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gamoyofen sami tipis duqtulur reaqcias: “tipurs”, “atipiurs” da 

“ovaluri ujredebis proliferacias” (Nakanuma, Ohta, 1986;  Rubin  et 

al.,1965;    Tavoloni , 1987;   Yamada  et al., 1987; Farber , 1956;   Fausto, 1994;   Opie, 

1944). 

tipuri duqtuluri reaqcia aRmocendeba mwvave biliuri 

obstruqciis dros (adamianebSi) da naRvlis sadinris okluziis 

pirobebSi (eqsperimentSi) (Tavoloni , 1987;  Yamada  et al., 1987;  Gall, Bhathal, 

1990;   Goldfarb et al., 1962;   Slott   et al., 1990;   James  et al., 1989; Nakanuma, Ohta, 

1986;   Sirica et al.,1992;   Sirica et al., 1990;   Van Eyken, Desmet, 1992).  

atipiuri duqtuluri reaqcia vlindeba qronikuli, maT Soris 

qronikuli qolestazuri daavadebebis dros (Desmet, 1972;  Desmet, 1985;  

Desmet, 1986;  Desmet, 1987;  Gerber et al., 1983;   Uchida, Peters, 1983).  

rac Seexeba ovaluri ujredebis proliferacias, is warmoadgens 

atipiuri duqtuluri reaqciis qvesaxeobas, romelic ZiriTadad 

aRwerilia mRrRnelebSi RviZlis sxvadasxva paTologiis 

modelirebisas da xasiaTdeba iseTi duqtulebis warmoqmniT, 

romelSic monawileobas iRebs ovaluri ujredebi (e.w. RviZlis 

“winamorbedi” ujredebi).  

amasTanave, ar aris gamoricxuli sxvadasxva meqanizmebis 

sinqronuli an asinqronuli Tanxvedra sxvadasxva paTologiis 

ganviTarebis sxvadasxva etapze, rac damokidebulia dazianebis 

formaze, xarisxze da  moculobaze,  ujredTa proliferaciul 

aqtivobasa da maTi zrdis faqtorebis mimarT sensitiurobaze ( Desmet, 

1986). 

rogorc aRiniSna, adamianebSi tipuri duqtuluri reaqcia 

viTardeba mwvave biliuri obstruqciis dros (James et al., 1989;  Nakanuma, 

Ohta, 1986;   Rubin et al., 1965;   Sirica  et al., 1992;   Sirica  et al., 1990;    Slott  et al., 

1990;  Tavoloni, 1987; Van Eyken, Desmet , 1992;    Yamada et al., 1987), xolo 

mRrRnelebSi misi gamowveva xdeba naRvlis saerTo sadinaris 

okluziiT, ZiriTadad, gadakvanZviT. virTagvebSi da TagvebSi es 

meTodi warmoadgens farTod aRiarebul protokols (Johnstone, Lee,  

1976;   Miyoshi et al., 1999; Canbay   et al., 2002;   Gujral   et al., 2004;   Wang  et 
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al.,2005;   Bergheim et al.,  2006;  Fickert  et al., 2002;  Bataller et al., 2003;  Yang   et al., 

2005;  Isayama, Hines, 2006;   Abe   et al., 2004;  Georgiev et al., 2007).  

tipuri duqtuluri reaqciis SemTxvevaSi axlad warmoqmnili 

duqtulebi xasiaTdeba mkafiod gamoxatuli sanaTuriT, formirebuli 

bazaluri membraniT. isini ganlagebulia portul traqtebSi. 

miCneulia, rom axlad warmoqmnili duqtulebi warmoadgens ukve 

arsebuli naRvlis sadinarebis gantotebebs da imeorebs maT 

struqturul da funqciur maxasiaTeblebs (Alpini et al., 1988;   Alpini et al., 

1989;   Chou, Gibson, 1971; Gall, Bhathal, 1990;   Goldfarb, Singer, 1962;   Sirica  et al., 

1990; Slott  et al.,1990;   Sirica   et al., 1985;  Schaffner, Popper, 1961). 

aRniSnuli mosazrebis gamo tipur duqtuluri reaqcias, zogjer 

sadinarebis gamravlebasac (bile duct proliferation) uwodeben. sadinarebis 

aRniSnuli proliferacia, damkvidrebuli Sexedulebis Tanaxmad, 

warmoadgens maTi gamomfeni epiTeliocitebis proliferaciis Sedegs.  

mravali avtori miuTiTebs, rom axali duqtulebis TvalsaCino 

mateba aRiniSneba nsso-dan me-3 dRes, rac dakavSirebulia biliuri 

epiTeliumis mitozuri aqtivobis matebasTan (Slott et al., 1990; Yoshioka et 

al., 2005). es mniSvnelovani morfologiuri fenomeni fasdeba CK 

antisxeulis imunoeqspresiiT. CK pozitiuri naRvlis sadinarebis 

ricxvis mateba fiqsirdeba nsso-dan meore dRidan da TanTadaTobiT 

matulobs me-14 dRemde.  

magram Cvens mier naCvenebi iqna, rom duqtuluri profilebis 

mateba aRiniSneba nsso-dan ukve 6 saaTis Semdeg (Azmaifarashvili et al., 

2009). aRniSnul vadaze periportul midamoSi gvxvdeba sadinarebis 

profilis struqturebi, romlis warmomqmneli epiTeliocitebic 

warmodgenilia Ria feris citoplazmiT. amasTanave,  xazgasmiT unda 

aRiniSnos, rom arc erT am struqturaSi mitozis figurebi ar iyo 

aRmoCenili. aRniSnuli  adasturebs, rom naRvlis saerTo sadinarSi 

wnevis mateba ukve pirvelive saaTebSi iwvevs `duqtulur reaqcias~. 

amasTanave, miuxedavad imisa, Tu ra ivaraudeba aseTi `neoduqtulebis~ 

warmoqmnis mizezad, ukve arsebuli qolangiocitebis  Tu Rerovani 

(ovaluri) ujredebis  (Olynyk  et al., 1998; Paku et al., 2001; Libbrechi,  Roskams,  

2002;   Desmet,  Roskams, 1995;  Roskams  et al., 2004;  Buyssen , 1962;   Gouw  et al., 
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2001; Theise et al., 1999)  (an Tundac, sxva ujredebis) 

proliferacia/diferenciacia, nebismier SemTxvevaSi asaxsnelia 

mitozuri figurebis ararsebobis faqti.  

saeWvoa, rom aseTi adreuli duqtuluri reaqcia, ganpirobebuli 

iyos ujredTa proliferaciiT, iqneba es ukve arsebuli biliuri 

epiTeliumis mitozuri aqtivoba - masTan asocirebuli naRvlis 

sadinarebis proliferaciiT, Tu ovaluri ujredebis proliferacia. 

naRvlis sadinarebis proliferaciis “moswreba” Znelad savaraudoa 

nsso-dan ara Tu 6 saaTSi, aramed 48 saaTamde drois intervalSic 

(mitozis ciklisaTvis saWiro drois gaTvaliswinebiT). Tumca zogi 

mkvlevari miuTiTebs, rom nsso-is pirobebSi xdeba naRvlis 

sadinarebis ara datotviT, aramed dagrZeleba-daklakvniT 

proliferacia (Slott et al., 1990); aRniSnulis gaTvaliswinebiT, 

safiqrebelia, rom duqtuluri fenotipis matarebeli reaqcia 

SesaZloa marTlac iyos duqtuluri genezis. Tumca 

neoduqtulogenezis wyaros aseve SesaZloa rom warmoadgendes 

Rerovani ujredebi - adgilobrivi (Xin Wang et al., 2003) an mocirkulacie 

(am ukanasknelis wyaro, rogorc wesi, Zvlis tvinia [Petersen et al., 1999; 

Ying Zhang et al., 2003]), an hepatocitebis duqtuluri metaplazia (Sirica and 

Williams, 1992; Michalopoulos et al., 2005).  

ar aris gamoricxuli, rom nsso-dan pirvelive saaTebSi 

gamovlenil “neoduqtulogenezSi” monawileobdes sxvadasxva tipis 

ujredebi da meqanizmebi, romlebic farTod aris warmoCenili 

mravali mkvlevaris mier da dResac intensiurad Seiswavleba. ase, 

magaliTad, RviZlis kancerogenezis kvlevis mizniT Catarebul 

SedarebiT Zvel eqsperimentul kvlevebis Sedegebis safuZvelze 

navaraudebi iyo, rom hepatoceluluri karcinoma warmoiSoba 

hepatocitebidan an ovaluri ujredebidan (Desmet, 1963). Semdgomma 

imunohistoqimiurma kvlevebma uCvena, rom hepatoceluluri 

karcinomebis daaaxloebiT 50% avlens eqspresias citokeratinebis 

mimarT, rac savaraudos xdis, rom isini warmoiSoba biliuri 

epiTeliumis fenotipis mqone ujredebisgan, kerZod -  ovaluri 

ujredebis eqvivalentebisgan.  
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sxva kvlevebi, romlebic Catarebuli iyo adamianis RviZlze 

sxvadasxva paTologiis dros, regeneraciis adreul fazaSi warmoaCens 

izolirebul, mcire zomis ujredebs mwiri citoplazmiT, romlebic 

avlens eqspresias chromogranin A-isa da CK19-is mimarT, rac didi 

albaTobiT miuTiTebs Rerovani ujredebis gaaqtivebaze.  amasTanave, 

naCvenebia, rom regeneraciis gvian fazebSi reaqciuli naRvlis 

duqtulebis ujredebi da periportuli hepatocitebis jgufebi aseve 

avlenen eqspresias chromogranin A-sa da CK19-s mimarT (Roskams et al., 

1991). 

B-hepatitis virusTan asocirebuli hepatoceluluri karcinomiT 

daavadebul pacientebis araneoplaziur qsovilSi Hsia‐m da 

Tanaavtorebma aRmoaCines ovaluri tipis ujredebi, romlebic avlenda 

imunoreaqciulobas CK19‐s mimarT (duqtuluri fenotipi) da 

heterogenulobas alfa-fetoproteinisa da albuminis mimarT 

(hepatoceluluri fenotipi) (Hsia et al., 1992;   Hsia  et al., 1994). 

RviZlis paTologiebis dros, kerZod ki biliuri obstruqciis 

pirobebSi aRmocenebuli duqtuluri reaqciis genezSi RviZlis 

sxvadasxva ujreduli populaciebis proliferaciis, diferenciaciisa 

da transdiferenciaciis faqtebi (Desmet, 2011), cxadia, zrdis 

duqtuluri reaqciis detaluri kvlevebis mniSvnelobas. aseTi 

kvlevebis Sedegebs didi mniSvneloba eniWeba ara marto RviZlis 

dazianebis xarisxis sworad Sefasebisa da prognozis 

gansazRvrisaTvis, aramed RviZlis neoplaziebis paTogenezis Semdgomi 

kvlevebisTvisac.   

am fonze aqtualurobas iZens Cvens mier nsso-dan adreul 

vadebzeve aRwerili duqtuluri profilebis matebis WeSmariti arsisa 

da meqanizmebis gamokvleva. 

 

 

mizani 

aRniSnuli kvlevis mizans warmoadgens virTagvebSi naRvlis saerTo 

sadinaris gadakvanZvis Semdgom adreuli duqtuluri reaqciis 

warmomavlobis da arsis gamokvleva.  
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amocanebi: 

1. nsso-is Semdgom adreul vadebSi duqtuluri reaqciis 

histotopografiuli Taviseburebebis dadgena 

2. nsso-is Semdgomi adreuli duqtuluri reaqciis genezis dagena 

3. nsso-is Semdgomi adreuli duqtuluri reaqciis Tanmxlebi ujredTa 

proliferaciis, diferenciaciisa da transdiferenciaciis gamokvleva. 

 

mecnieruli siaxle 

naSromSi pirvelad dadasturebulia, rom: 

• duqtuluri reaqcia iwyeba nsso-dan  ramodenime saaTSi;  

• is warmoadgens uwvrilesi naRvlis sadinarebis - naRvlis 

duqtulebis, heringis arxebis da periportuli biliuri wnulis 

gaganierebis da ara am sadinrebisa da maTi gamomfeni epiTeluri 

ujredebis proliferaciis Sedegs; 

• nsso-s adreuli vadebidanve Tan sdevs:  

- biliaruli epiTeliumis ujredebis formis da zomis cvlileba  

- hepatocitebis mier citokeratinuli profilis Secvla, rac maTi 

duqtuluri transformaciis iniciacias warmoadgens. 

 

dacvaze gamosatani debulebebi: 

nsso-is Semdgom adreul vadebze (3-24 saaTSi) ganviTarebuli 

duqtuluri reaqcia warmoadgens arsebuli uwvrilesi naRvlis 

sadinrebis sistemis biliuri hipertenziis gamo gaganierebisa da 

sinaTlis mikroskopSi maTi “gamovlinebis” da ara proliferaciuli 

aqtivobis Sedegs. 

hepatocitebis transdiferenciacia duqtuluri epiTeliocitebis 

mimarTulebiT iwyeba nsso-is Semdgom adreul vadebze (12-24 saaTi) da 

aisaxeba hepatocitebis keratinuli profilis cvlilebiT (CK-

pozitiurobiT). 

nsso Semdgomi duqtuluri reaqcia warmoadgens TandaTanobiT 

ganviTarebad da multikomponentul fenomens, romlis srulad 

SecnobisaTvis saWiroa procesebis uwyveti dinamikiT gamokvleva 

naRvlis Segubebis dawyebisTanave. 
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naSromis aprobacia 

naSromis fragmentebis aprobacia ganxorcielda Tsu medicinis 

fakultetis doqtorantTa seminarze da koloqviumze (2009 da 2010) da 

morfologiis institutisa da Tsu klinikuri anatomiis 

departamentebis gaerTianebul sxdomaze (2011) 
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literaturis mimoxilva 

 

rogorc adamianebSi RviZlis sxvadasxva daavadebebis dros, aseve 

mRrRnelebSi RviZlis paTologiis mravalferovan eqsperimentul 

modelebSi dafiqsirebulia naRvlis duqtulebis profilebis mateba. 

amasTanave, es mateba Tavdapirvelad aRiniSneba portuli traqtebis 

periferiaze, SemdgomSi ki wilakebis SigniTac. duqtuluri 

struqturebis matebas Tan sdevs neitrofiluri infiltracia da 

periportuli fibrozis ganviTareba. aRniSnul cvlilebebs 

“duqtuluri reaqcia” ewodeba (Desmet, 1987;  Desmet, 1992;  Gerber et al., 1983;   

MacSween, Burt  1989; Uchida, Peters, 1983).  A 

am histologiuri fenomenis pirvelad aRweris Semdeg (Waldeyer, 

1868) ganxorcielda mravali mcdeloba misi etiopaTogenezis da 

paTofiziologiuri mniSvnelobis dasadgenad. ukanasknel xanebSi 

SeiniSneba garkveuli progresi duqtuluri reaqciis histogenezis da 

reaqciuli naRvlis sadinrebis ujredebis proliferaciuli aqtivobis 

gamokvlevis mimarTulebiT, Tumca bevri ram sakamaTo rCeba. 

rogorc zemoT ukve aRiniSna, gamoyofen sami tipis duqtulur 

reaqcias: “tipurs”, “atipiurs” da “ovaluri ujredebis 

proliferacias”.  

tipuri duqtuluri reaqcia aRmocendeba mwvave biliuri 

obstruqciis dros (adamianebSi) da naRvlis saerTo sadinaris 

okluziis an alfa-naftilizoTiocianatiT (ANIT)  intoqsikaciis 

pirobebSi (eqsperimentSi) (Gall, Bhathal, 1990;   James et al., 1989;    Nakanuma, 

Ohta, 1986;   Rubin  et al., 1965;   Goldfarb  et al., 1962;   Sirica   et al.,1990; Slott   et  

al.,1990;  Yamada  et al.,1987;   Tavoloni, 1987;  Van Eyken, Desmet,  1992;  Sirica  et al., 

1992).            

      atipiuri duqtuluri reaqcia adamianebSi vlindeba qronikuli 

qolestazuri daavadebebis dros, RviZlis submasiuri nekrozis 

Semdgomi regeneraciis, RviZlis alkoholuri daavadebis da fokaluri 

noduluri hiperplaziis dros (Desmet, 1985;  Desmet,  1986;    Desmet, 1987; 

Gerber et al., 1983;  Uchida, Peters,  1983).  
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naRvlis sadinarebis atipiuri reaqcia, romelic dakavSirebulia 

ovaluri ujredebis proliferaciasTan, ZiriTadad aRwerilia 

mRrRnelebSi, qimiuri naerTebiT (D‐galaqtozamini da naxSiris 

tetraqloridi) gamowveuli parenqimuli dazianebis Semdgom ( Lemire et 

al., 1991;   Sirica, Williams, 1992;  Tournier   et al., 1988).   

miCneulia, rom duqtuluri reaqcia SesaZloa ganviTardes sami 

sxvadasxva meqanizmiT:  

1) ukve arsebuli sanaRvle sadinarebis ujredebis proliferaciiT 

(Goldfarb et al., 1962; Gall, Bhathal,  1990;   Slott et al., 1990; Desmet, 2011).  

2) hepatocitebis duqtuluri metaplaziiT  (James et al.,  1989;   Van 

Eyken   et al., 1989;   Van Eyken   et al.,  1988; Sirica and Williams, 1992; Michalopoulos et 

al., 2005, Desmet, 2011). 

3) RviZlis “Rerovani ujredebis” an e.w. “winamorbedi” ujredebis 

aqtivaciiT, proliferaciiTa da diferencirebiT (Aterman, 1992, Desmet, 

2011).   

amasTanave, ar aris gamoricxuli sxvadasxva meqanizmebis 

erTdroulad arseboba, oRond drois sxvadasxva monakveTze maTi 

gansxvavebuli intensifikaciiT (qronologiuri asimetriis principi), 

rac damokidebulia paTologiaze (eqsperimentul modelze)  da am 

dros inicirebuli ujreduli da molekuluri reaqciebis 

urTierTzegavlenaze (Desmet, 2011).  

“tipuri” duqtuluri proliferaciis dros axladwarmoqmnili 

duqtulebi xasiaTdeba kargad gaformebuli struqturiT da 

sanaTuriT da mdebareobs portuli traqtis uSualo siaxloves. 

dadasturebuladaa miCneuli, rom tipuri duqtuluri reaqcia ukve 

arsebuli naRvlis sadinarebis gamravlebis Sedegia.  aRniSnul 

mosazrebas amyarebs is faqti, rom virTagvebis modelebSi 

axladwarmoqmnili sadinarebi inarCunebs TavianTi normaluri 

winamorbedebis imunohistoqimiur (Sirica  et al.,  1990;  Slott et al., 1990;  

Goldfarb et al., 1962;   Alpini et al., 1989;   Gall, Bhathal, 1990), 

ultrastruqturul ( Alpini et al., 1989;    Sirica  et al.,  1985;   Schaffner, Popper,  

1961) da funqciur maxasiaTeblebs (Alpini  et al., 1989;    Alpini et al., 1988).  

dadasturebuladaa miCneuli, rom reaqciuli duqtulebi warmoadgens 
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RviZlSida naRvlis gzebis uwvrilesi totebis ”datotviTi” 

proliferaciis Sedegs. am tipis duqtuluri reaqcia viTardeba mwvave 

qolestazis dros (eqstrahepatuli naRvlis sadinar(eb)is mwvave 

obstruqcia adamianebSi da naRvlis saerTo sadinris okluzia an 

alfa-naftilizoTiocianati (ANIT) intoqsikacia eqsperimentul 

cxovelebSi – ZaRlebSi, katebSi da mRrRnelebSi) (James et al., 1989;   

Nakanuma, Ohta, 1986;   Rubin et al.,  1965;  Sirica   et al., 1990;   Slott  et al., 1990;   

Yamada  et al., 1987;    Tavoloni , 1987;  kordzaia, 1990;  Van Eyken, Desmet, 1992;   

Sirica et al.,  1992).               

im mosazrebas, rom tipuri duqtuluri reaqcia ukve arsebuli 

naRvlis sadinarebis gamravlebis Sedegia, amyarebs is faqti, rom 

axladwarmoqmnili sadinarebi inarCunebs TavianTi normaluri 

winamorbedebis imunohistoqimiur (Sirica  et al.,  1990;  Slott et al., 1990;  

Goldfarb et al., 1962;   Alpini et al., 1989;   Gall, Bhathal, 1990), 

ultrastruqturul (Alpini et al., 1989;    Sirica  et al.,  1985;   Schaffner, Popper,  

1961) da funqciur maxasiaTeblebs (Alpini  et al., 1989;    Alpini et al., 1988).  

kvlevebi, romlebic emyareboda TimidiniT moniSvnas, aseve adasturebs 

ukve arsebuli duqtulebis proliferacias (Grisham et al., 1964;   Masuko  

et al., 1964;  Alpini  et al.,  1989;    Alpini  et al., 1988;   Gall, Bhathal, 1990;    Slott  et 

al., 1990). Semdgom kvlevebSi naCvenebia, rom virTagvebSi biliuri 

obstruqciis Semdeg mimdinare hiperplazia moicavs ukve arsebuli 

naRvlis sadinarebis zigzagisebur dagrZelebas. am procesis dawyebas 

ki ganapirobebs biliuri hipertenzia. amasTanave, miCneulia, rom 

tipuri duqtuluri reaqciis dros, imisda miuxedevad, Tu ra tipiT 

mimdinareobs sadinarebis proliferacia, ar xdeba axali ”naRvlis 

kapilarul-duqtuluri kavSirebis” warmoqmna (kordzaia, 1990; Slott   et al., 

1990;   Shibayama, 1990).  

Alpini -sa da Tanaavtorebis (Alpini et al., 1988; Alpini et al., 1989) mier 

dadasturebulia, rom ANIT‐iT intoqsikaciis an naRvlis sadinaris 

okluziis Semdeg moproliferacie naRvlis sadinarebi agrZelebs 

sekreciul aqtivobas. igive fenomeni dadasturebuli aqvs Kordzaia -sac 

(1990) ZaRlis naRvlis sadinarebis gamomSrali preparatebis 

  13



maskanirebeli eleqtronuli mikroskopiT gamokvlevis Sedegad, 

cxovelebis naRvlis saerTo sadinaris okluziidan ramodenime dRis 

Semdeg. amasTanave, naCvenebia, rom qolangiocitebi Seiwovs 

qolestazis gamo hepatocitebSi akumulirebul naRvlis mJavebs 

(Buscher   et al., 1989), ris Sedegad unda gaizardos qolehepaturi brunvac 

(Desmet,1992).           

amasTanave, aRsaniSnavia, rom yvela CamoTvlili Tavisebureba 

aRwerilia ZiriTadad NnaRvlis saerTo sadinaris okluziidan 1-4 

kviris periodSi. 

zogierTi avtoris mier (James et al., 1989)   adamianebSi 

eqstrahepatuli biliuri obstruqciis dros naCvenebia, rom rogorc 

parenqimuli, aseve naRvlis sadinaris gamomfeni epiTeliuri ujredebi 

sawyis etapze inarCunebs citokeratinebis eqspresiis misTvis Cveul 

(”normul”) profils. Tumca, naRvlis sadinarebis obstruqciis 

xangrZlivobis zrdasTan erTad RviZlis acinusis I zonis 

hepatocitebi TandaTan iZens citokeratin 7-is eqspresiis unars, rac 

damaxasiaTebelia naRvlis sadinarebis ujredebisaTvis (Van Eyken et al., 

1987). savaraudod, es faqti SesaZloa dakavSirebuli iyos 

hepatocitebis duqtuluri metaplaziis  dawyebasTan. es ki, Tavis 

mxriv ar gamoricxavs tipuri duqtuluri reaqciis paralelurad 

atipiuri duqtuluri reaqciis iniciaciis albaTobas. savaraudos 

xdis tipuri duqtuluri reaqciis paralelurad, atipiuri duqtuluri 

reaqciis iniciaciasac. 

atipiuri duqtuluri reaqcia warmodgenilia naRvlis sadinarebis 

uwvrilesi profilebiT, romlebic ganTavsebulia wilakis parenqimaSi 

(metad, portuli traqtis siaxloves). anaTlebze zogjer isini 

vlindeba moanastomoze firfitebis saxiT, sadac ganirCeva 

struqturebi cudad diferencirebuli sanaTuriT, romelic 

gamofenilia mwiri citoplazmis mqone ujredebiT. duqtulebi 

Seesabameba gabrtyelebul (flattened) cilindrebs, xolo maTi 

samganzomilebiani anatomiuri struqtura Zalian hgavs hepatocitebis 

firfitebs (Jorgensen, 1973, Desmet, 2011). atipiur duqtulur reaqcias 

adgili aqvs qronikuluri qolestazuri daavadebis (rogoricaa 
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pirveladi biliuri cirozi), pirveladi sklerozuli qolangitebis an 

xangrZlivi eqstrahepaturi biliuri obstruqciis dros, submasiuri 

nekrozis Semdgomi RviZlis regeneraciisas, RviZlis alkoholuri 

daavadebis da fokaluri noduluri hiperplaziis dros (Gerber et al., 

1983;    Uchida, Peters, 1983;    Desmet, 1985;    Desmet , 1987; Desmet, 2011). 

mravali eqsperimentuli modeliT dadasturebulia RviZlSi 

Rerovani ujredebis arseboba. metic, dadasturebulia am Rerovani 

ujredebis eqvivalentebis arseboba adamianis RviZlSi (Rerovani 

ujredebis ganTavsebis adgilad miCneulia uwvrilesi naRvlis 

duqtulebi - qolangiolebi, heringis milakebi) (De Vos, Desmet, 1992;  

Gerber et al., 1983;  Hsia et al., 1992; Roskams et al., 1991; Roskams et al., 2003).  

Rerovani ujredebis arsebobis dadasturebam axali biZgi misca 

duqtuluri reaqciis fenomenis kvlevas.   

mRrRnelebSi atipiuri sadinarebis msgavsi struqturebi, romelic 

asocirebulia ovaluri ujredebis proliferaciasTan, vlindeba 

qimiuri mowamvlebis (mag., D‐galaqtozaminiT da naxSiris 

tetraqloridiT) Semdeg (Lemire et al., 1991;    Sirica, Williams, 1992;   Tournier  

et al., 1988).  

tipuri duqtuluri reaqciisagan gansxvavebiT, sadac 

moproliferacie ujredebi inarCunebs normalur maxasiaTeblebs, 

atipiuri duqtuluri reaqciis dros mravali kvlevis SedegebiT 

dasturdeba tranzitoruli (gardamavali) anu Sualeduri ujredebis 

arseboba, romlebic avlens rogorc hepatocitebis, aseve 

qolangiocitebis fenotipebs (Alpini et al., 1992;  Burt et al.,  1987;    Gall, 

Bhathal , 1990;    Hillan et al., 1989;   Phillips, Steiner, 1966;  Thung, 1990;  Van Eyken et 

al.,  1989;    Vanstapel et al.,  1986;    Gerber et al., 1983;   Uchida, Peters, 1983;   Sirica   

et al., 1990;    Nakanuma, Ohta, 1986;   Van Eyken   et al.,  1988;   Van Eyken , Sciot , 

1989).  

jer kidev 5 aTeuli wlis win Wegmann  -ma TanaavtorebTan erTad 

(Wegmann et al., 1965)  fermentuli histoqimiis gamoyenebiT Seiswavla 

atipiuri duqtuluri reaqcia sxvadasxva etiologiis adamianis 

cirozul RviZlSi. maT aRmoaCines morfologiurad hepatocitebis 

msgavsi ujredebi, romlebic histoqimiurad iRebeboda naRvlis 
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sadinarebis ujredebis msgavsad da naRvlis sadinaris ujredebi, 

romlebic hepatocitebisTvis damaxasiaTebel histoqimiur SeRebvas 

avlenda glukoza-6-fosfatazaze.  

glikogenze da glukoza-6-fosfatazaze aqtivoba gamovlinda 

moproliferacie duqtulebSic RviZlis alkoholuri daavadebis dros 

Uchida da Peters‐is mier (Uchida, Peters, 1983). ramodenime kvlevaSi 

naCvenebia, rom adamianis RviZlis daavadebebisas ganviTarebuli 

atipiuri  duqtuluri reaqciis dros acinusis I zonis hepatocitebi 

avlens eqspresias ramodenime iseT antigenze, romlebic normaSi 

eqspresirebs naRvlis sadinarebis ujredebis mier. aseTebia: 

qsoviluri polipeptiduri antigeni (Burt  et al.,  1987;  Desmet, Callea ,1990 ), 

S 100 proteini (Vanstapel  et al., 1986;   Vanstapel et al., 1984), sisxlis jgufis Le 

(a) da Le (b) antigenebi (Nakanuma, Sasaki, 1989), VLA 2,3,6 integrinebi (Volpes  

et al., 1990;   Volpes  et al., 1991), 41kD antigeni, romelsac hqvia 17-1A Ag (is 

aseve eqspresirebs adamianis nawlavis karcinomis ujredebSi (Sansonno, 

Dammacco, 1993), ucnobi biliuri antigeni, romlis identifikacia xdeba 

kloni 5 monoklonur antisxeulTan da glikolizur ferment 

enolazas �-suberTeulTan reaqciiT (Fukuda et al.,  1989).  

gaxangrZlivebuli qolestazis dros acinusis I zonis 

hepatocitebi, romlebic imyofeba naRvlis sadinaris ujredebTan 

uwyvet kavSirSi, TandaTan iZens imunoreaqciulobas CK 7 da 19-ze (Van 

Eyken et al., 1989;    Van Eyken  et al., 1989;    James  et al., 1989), romlebic 

normaSi eqspresirdeba mxolod naRvlis sadinarebis ujredebis mier 

(Van Eyken  et al., 1987). adamianebSi qronikuli qolestazuri daavadebis 

dros ultrastruqturuladac iqna nanaxi Sualeduri ujredebi 

hepatocitebsa da naRvlis gzebis ujredebs Soris ( Nagore et al., 1989;    

Roskams  et al., 1990).  

gardamavali ujredebis arseboba amyarebs koncefcias, rom 

hepatocitebs gaaCniaT naRvlis sadinaris ujredebad transformirebis 

an “transdiferencirebis” unari. aRniSnul hipoTezas aseve 

moixsenieben “hepatocitebis duqtulur metaplaziad”. am koncefciis 

sasargeblod metyvelebs kvlevebi samganzomilebiani rekontruqciis 
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meTodis gamoyenebiT ( Buyssens, 1962;   Nagore et al., 1989; Yamada et al., 1987). 

metic, virTagvis naRvlis sadinaris okluziis pirobebSi, 

izolirebuli hepatocitebis elenTaSi transplantaciis Sedegad 

naCvenebia am organoSi naRvlis sadinarebis msgavsi struqturebis 

ganviTareba (Hillan et al., 1989). aseTi metaplazia, savaraudod, humoruli 

regulaciiT aris ganpirobebuli. Tumca, unda aRiniSnos, rom 

Sualeduri anu tranzitoruli ujredebis arseboba SesaZloa aixsnas 

sxva mizeziTac, mag., Aadamianis RviZlis “Rerovani ujredebis” an 

”winamorbedi ujredebis” diferenciaciiT – an “hepatocitebis” an 

“biliuri epiTeliocitebis” – mimarTulebiT. amasTanave, cxadia, rom 

aseTi diferenciaciis saboloo dasrulebamde mocemuli ujredi 

inarCunebs “sawinaaRmdego” mimarTulebis ujredis maxasiaTeblebsac.   

jer kidev dasadasturebelia,  avlens Tu ara  atipiuri 

duqtulebis gamomfeni ujredebi normaluri qolangiocitebis 

Tvisebebs. eleqtronul-mikroskopuli SeswavliT savaraudoa  maTi 

monawileoba reabsorbciaSi. duqtulur ujredebSi bilirubinis da 

lipofuscinis arseboba miuTiTebs naRvlis ingredientebis 

reabsorbciaze da, iseve, rogorc tipuri duqtuluri reaqciis dros, 

RviZlis parenqimis ujredebis am gziT naRvlis mJavebis Warbi 

raodenobisgan gantvirTvis SesaZleblobaze (Desmet,1992, Glaser et al., 2009, 

2010 ). 

duqtuluri reaqcia aseve moicavs eqstraceluluri matriqsis 

matebas, rasac Tan sdevs periportuli fibrozebis ganviTareba. 

matriqsis Warb produqcias ganapirobebs duqtuluri ujredebis mier 

bazaluri membranis komponentebis (IV tipi kolagenis, lamininis) 

sekrecia da mezenqimuri ujredebis gaaqtiveba. acinusis I zonaSi 

xdeba kupferis ujredebis proliferacia da monocitebis 

mobilizacia. amasTan erTad, reaqciuli naRvlis duqtulebis axlos 

da acinusis I zonaSi fiqsirdeba ito ujredebis transformacia 

miofibroblastebad (Callea, Desmet, 1985;    Callea  et al., 1982).   

imunoeleqtronulmikroskopuli da in situ  hibridizaciuli kvlevebiT 

dasturdeba, rom matriqsuli proteinebi ZiriTadad swored 

transformirebuli ito ujredebidan gamoiyofa. ito ujredebis 
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proliferacias, transformacias miofibroblastebad da maT mier 

matriqsis produqcias akontrolebs citokinebi, kerZod, 

transformuli zrdis faqtori beta. Ddadgenilia, rom naRvlis 

sadinarebis ujredebi avlenen eqspresias transformul zrdis faqtor 

beta-2 –is mimarT (Milani et al., 1991)   amrigad, naRvlis sadinaris 

ujredebi miCneulia fibrozis ganviTarebis “peismeikerebad”, rac 

sabolood iwvevs cirozis ganviTarebas (mag. Ppirveladi biliaruli 

cirozis da pirveladi sklerozuli qolangitebis dros) (Desmet , 1987, 

2011). amasTanave, qolangiocitebis, mezenqimuri ujredebis, mimdebare 

matriqsis da zrdis faqtorebis urTierTqmedebis meqanizmebi jer 

kidev dasazustebelia (Glaser et al., 2010). 

virTagvebSi RviZlis regeneraciis yvelaze gavrcelebuli 

modelia parciuli (2/3) hepateqtomia. imis gamo, rom virTagvis RviZli 

wilovani agebulebisaa (Sedgeba erTmaneTisagan praqtikulad srulad 

gancalkevebuli 6 wilisagan), parciuli hepateqtomiis (3-4 wilis 

mocilebis) Semdeg darCenili RviZlis nawili praqtikulad 

intaqturia. operaciidan 1-2 kviris Tavze RviZli praqtikulad 

srulad aRidgens Tavis masas da es aRdgena ganpirobebulia RviZlis 

parenqimuli da naRvlis sadinarebis ujredebis hiperplaziiT (Teresa, 

Sandgren, 2000;  Marceau et al., 1989; Michalopoulos, DeFrances, 1997; Hua-Sheng Xu et 

al.,1993; Zimmermann, 2002;  Zhi Zhong et al., 2006;  Drixler, 1991; Zhao et al.,  2001; 

Fausto, Campbell, 2003; Tolentino et al., 2006;  Ninomiya et al., 2004). amasTanave, 

ujredebis mZlavri (talRisebri) replikaciiT mimdinare am procesSi 

duqtuluri reaqcia dafiqsirebuli ar aris.  

hepatocitebis replikacia adamianis RviZlSi yvelaze xSirad 

viTardeba RviZlis qimiuri an virusuli dazianebis an anoqsiis dros. 

adamianis RviZlis dazianebas panlobuluri an multilobuluri 

nekroziT Tan sdevs atipiuri duqtuluri reaqcia, romelic vlindeba 

nekrozuli wilakebis periferiaze. Aam tipis reaqciul duqtulebs 

ewodeba fsevdosadinarebi, neoqolangiolebi da duqtuluri anu 

biliuri hepatocitebi (Phillips, Poucell, 1981, Desmet, 2011). iseve rogorc 

qronikuli qolestazuri daavadebis dros ganviTarebuli atipiuri 

duqtulebi, RviZlis (sub)masiuri nekrozis Semdgom warmoqmnili 
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duqtuluri struqturebic Sedgeba intermediuli ujredebisgan. isini 

avlens imunoreaqciulobas rogorc sekreciuli  komponentis (Delacroix 

et al., 1984), karcinoembrionuli antigenis (Gerber et al., 1983)  da 

citokeratinebis ( Van Eyken et al.,  1987), aseve hepatocitebs markeris _ 

alfa-1-antitripsinis mimarT (Gerber et al., 1983). eleqtronuli 

mikroskopiuli kvlevebiTac dasturdeba, rom reaqciuli duqtulebi 

Seicavs Sualedur ujredebs – gardamaval formebs hepatocitebsa da 

qolangiocitebs Soris (Gerber et al., 1983;   Roskams et al.,  1991).  

amrigad, ujredTa replikaciiT mimdinare process SeiZleba 

axldes an ar axldes duqtuluri reaqcia. es dakvirveba damatebiT 

stimuls qmnis duqtuluri reaqciis arsisa da meqanizmebis damatebiTi 

kvlevisaTvis.  

rogorc ukve aRiniSna, intermediuli ujredebi SesaZloa saTaves 

iRebdes heringis duqtulebSi ganlagebuli fakultaturi Rerovani 

ujredebisagan. (sub)masiuri nekrozis Semdgomi regeneraciis yvelaze 

adreul fazaSi, rodesac jer kidev ar SeiniSneba mkafiod 

gamoxatuli duqtuluri reaqcia, portuli traqtebis periferiaze da 

nekrozebis mimdebared aRiniSneba calkeuli mcire zomis ujredebis 

gaCena, romelTac aqvT ovaluri birTvi da mwiri citoplazma. isini 

avlens imunoreaqciulobas naRvlis sadinarebis CK19-isa da 

chromogranin A‐s mimarT da Seicavs neiroendokrinul granulebs. 

SesaZloa, aRniSnuli ujredebi gamoimuSavebdes nivTierebebs, 

romelic asrulebs mniSvnelovan rols RviZlis ujredebis zrdasa da 

diferencirebaSi (Roskams et al., 1991). regeneraciis Semdgom fazaSi 

duqtuluri reaqcia mkafiodaa gamoxatuli da rogorc 

qolangiocitebi, aseve periferiuli hepatocitebis klasterebi 

pozitiuria CK19-isa da chromogranin A-s mimarT. movlenaTa amgvari 

qronologiuri Tanmimdevroba savaraudod dakavSirebuli unda iyos 

“mcire ujredebis” an, rogorc maT uwodeben – “mcire hepatocitebis” 

diferenciaciasTan orive mimarTulebiT: qolangiocitebad da 

hepatocitebad (Roskams et al., 1991). Miseve rogorc qronikuli 

qolestazuri daavadebisas, moregeneracie RviZlis reaqciuli 
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duqtulebic Seicavs PTHrP, rac ar aRiniSneba normul naRvlis 

sadinarebis epiTeliocitebSi (Roskams et al.,1993).  PTHrP sxvadasxva tipis 

ujredebSi, EGF -isa  da TGF -is TanxlebiT astimulirebs dnm-is 

sinTezs da am gziT monawileobs zrdis faqtorebis multifaqtorul 

mimoqcevaSi (Centrella et al., 1989;   Insogna et al., 1989 ). 

RviZlis regeneraciaSi gansakuTrebiT mniSvnelovania ramodenime 

zrdis faqtori (Michalopoulos, 1990): Pplazmis faqtorebi, rogoricaa 

EGF da HGF, rogorc hepatocitebSi, aseve qolangiocitebSi iwvevs dnm-

is sinTezs (Joplin et al., 1992). virTagvebSi parcialuri hepateqtomiis 

Semdgom RviZlis regeneraciis pirveli indikatoria plazmaSi 

hepatocitebis zrdis faqtoris mkveTri mateba. es ukanaskneli 

warmoadgens movlenaTa kaskadis gamSveb meqanizms, rac gulisxmobs 

adreuli genebis eqspresias da hepatocitebis da ito ujredebis mier 

sxvadasxva zrdis faqtorebis eqspresias (hepatocitebSi _  TGF-ά  da 

aciduri fibroblastebis zrdis faqtori (aFGF); ito ujredebSi - TGF-β 

da HGF).  metic, virTagvebSi rogorc naRvlis sadinaris ujredebi, 

aseve duqtuluri ujredebi gamoimuSavebs TGF-ά  ‐s, (Burr  et al., 1993;   

Collier et al., 1993;  Hsia et al., 1994)  rac safuZvels gvaZlevs vivaraudoT, 

rom es ujredebi SesaZloa warmoadgendes TGF-ά  ‐s   depos, romelic 

uzrunvelyofs mis gamoTavisufldebas parenqimis periportul 

zonebSi (Burr et al., 1993). Mmsgavsad amisa, duqtuluri ujredebis mier 

gamomuSavebuli PTHrP  savaraudod CarTuli unda iyos zrdis 

faqtorebis kompleqsSi da Sesabamisad monawileobas unda iRebdes 

RviZlis dazianebiT gamowveul regeneraciaSi (Roskams  et al., 1993).  

adamianis RviZlSi hepatoceluluri nekroziT mimdinare arcerTi 

es mdgomareoba eqsperimentul modelSi sruli sizustiT ver aisaxeba, 

Tumca sacdel cxovelebSi mravali nekrogenuli da aranekrogenuli 

qimiuri nivTierebebiT gamowveuli RviZlis dazianebis Semdgom 

dafiqsirebulia RviZlis regeneracia da duqtuluri reaqcia. yvelaze 

xSirad gamoyenebuli nekrogenuli agentebia naxSiris tetraqloridi 

da D‐galaqtozamini. Pparciuli hepateqtomiis modelisgan 

gansxvavebiT, masiuri qimiuri dazianebis Semdgom hepatocitebi veRar 
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uzrunvelyofs sakmaris regeneracias, savaraudod imis gamo, rom maTi 

didi raodenoba ikargeba, an toqsikuri dazianeba jer kidev bolomde 

gaurkveveli meqanizmiT ainhibirebs maT replikacias. aseT situaciaSi 

aqtiurdeba “sarezervo” ujredebi. es hipoTeza eqsperimentze 

dayrdnobiT pirvelad gamoTqves Wilson  da Leduc‐ma 1958 wels. maT 

uCvenes, rom TagvebSi sakvebiT mZime mowamvlis Semdgom aRdgenis 

fazaSi naRvlis duqtulebi (qolangiolebi) warmoqmnis hepatocitebs. 

avtorebma gamoTqves mosazreba, rom naRvlis duqtulebis ujredebi 

warmoqmnis sarezervo depos, romelsac SeuZlia gaafarTovos areali 

da warmoqmnas hepatocitebi RviZlis mZime dazianebis, magram ara 

parciuli hepateqtomiis Semdgom. AepiTeluri ujredebis portuli 

populacia (ganlagebuli intra- da eqstraportul duqtulebSi da 

heringis milakebSi), romelic proliferirebs RviZlis qimiuri 

dazianebis Semdgom, iwodeba ovalur ujredebad; atarebs rogorc 

hepatocitebis, aseve biliuri epiTeliocitebis Tvisebebs (Inaoka, 1967;  

Lemire  et al., 1991;    Lenzi et al., 1992;  Novikoff et al., 1991;   Petropoulos  et al., 1983;  

Sell, 1978; Evarts et al., 1987). maT SeuZlia diferencireba rogorc 

normalur, aseve RviZlis neoplaziur ujredebad (Evarts et al., 1987).  

ovaluri ujredebi iTvleba fakultaturi Rerovani ujredebis 

STamomavlebad ( Desmet , 1963;  Evarts et al., 1987;   Fausto, 1990;  Grisham, 1980;  

Marceau  et al., 1989;  Sell, 1990).  “fakultaturi Rerovani ujredebis” qveS  

igulisxmeba ujredebis populacia, romelic qsovilis mosvenebul 

mdgomareobaSi asrulebs am qsovilis daniSnulebasTan asocirebul 

specifiur funqcias, magram imavdroulad, aqvs sxva tipis ujredebad 

transdiferenciaciis unari da, Sesabamisad, aRadgens am sxva tipis 

ujredebis populacias, Tuki mas TviTaRdgenis unari dakarguli aqvs 

(Falkowski et al., 2003). fakultaturi Rerovani ujredebi ki, Tavis mxriv, 

iTvleba pluripotentur ujredebad, romlebic gayofis Semdeg 

warmoqmnis or Svileul ujreds. erTi Svileuli ujredi fenotipurad 

rCeba Rerovan ujredad, meore ki gansxvavebul fenotips warmoadgens 

(Michalopoulos et al., 2007).. 
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mudmivad ganaxlebad sistemebSi, rogoricaa kani, nawlavis 

epiTeliumi da hemopoezuri Zvlis tvini, progenitori anu Rerovani 

ujredebi uwyvetad iyofa da warmoqmnis tranzitul ujredebs, 

romlebic diferenciaciis saboloo etapze kargavs proliferaciuli 

aqtivobis unars (Hall, 1992). normul mdgomareobaSi Rerovani ujredebi 

Caanacvlebs daberebul ujredebs, xolo sxvadasxva daavadebebis 

dros aRadgens dazianebul qsovils (Sell, 1990).  

RviZli tradiciulad ganixileba pirobiTad ganaxlebad sistemad. 

normul mdgomareobaSi ujredebis gamravlebis unari dabalia, 

dazianebaze sapasuxod ki TiTqmis stabiluri hepatocitebi iwyeben 

swraf gamravlebas. miCneuli iyo, rom pirobiTad ganaxlebadi 

sistemebi ar Seicaven Rerovan ujredebs (Hall, 1992). Tumca, dRes 

eqsperimentebi farTod adasturebs RviZlSi Rerovani an progenitori 

ujredebis arsebobas. magaliTad, ujreduli kulturebis kvlevebiT 

aRmoCnda, rom qimiuri hepatokancerogenezis an qimiuri dazianebis 

Semdgom RviZlis regeneraciis dros mcire zomis epiTeluri 

ujredebis periportuli populacia proliferaciobs  hepatocitebTan 

aliansSi an maT gamravlebamde. Aswored am ujredebs uwodes ovaluri 

ujredebi maTi formis gamo (Opie, 1944; Farber, 1956). dReisaTvis 

miCneulia, rom ovaluri ujredebi dakavSirebulia terminalur 

naRvlis sadinarebTan, e.w. heringis arxebTan. isini warmoadgens 

araparenqimuli ujredebis heterogenul populacias, romelTa 

garkveuli nawili avlens rogorc umwifari hepatocitebis markerebs 

(rogoricaa alfa-fetoproteini), aseve naRvlis sadinaris ujredebis 

fenotips (Dabeva et al., 1993;   Dabeva, Shafritz, 1993;    Dunsford  et al., 1989;   

Dunsford, Sell, 1989;  Germain et al., 1985;   Hixson, Allison, 1985).  

ovaluri ujredebis sul mcire nawili mainc pluripotenturia da 

gaaCnia hepatocitebis, qolangiocitebis, pankreasis da nawlavis 

epiTeliumis mimarTulebiT diferenciaciis unari, aseve, 

hepatoceluluri an qolangioceluluri karcinomis warmoqmnis unari 

(Desmet, 1963;  Evarts et al., 1987;    Germain  et al., 1988;  . Grisham, 1980;  Lee et al., 

1989;   Sell, 1990;   Tatematsu et al., 1985;   Tsao et al., 1985).  
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adreul embrionul periodSi RviZli Sedgeba progenitori 

ujredebisgan (hepatoblastebisgan), romlebic warmoqmnis mwife 

hepatocitebs da naRvlis sadinaris ujredebs. vaskuluri sivrceebis 

(mozrdilis RviZlis portuli traqtebis eqvivalenti) axlos mdebare 

hepatoblastebi warmoqmnian primitiul sadinrovan struqturebs, e.w. 

“sadinarovan firfitebs” (ductal plates).  “sadinarovani firfitebi” 

fenotipurad ovaluri ujredebis eqvivalentia da avlens eqspresias 

rogorc hepatocitebis (alfa-fetoproteini da albumini), aseve 

naRvlis sadinarebis ujredebis markerebis (citokeratini 7 da 19) 

mimarT (Fausto et al., 1992; Shiokiri et al., 1991;  Van Eyken et al., 1988; Desmet, 2011). 

savaraudoa, rom progenitori ujredebis mcire raodenoba agrZelebs 

arsebobas mozrdilis RviZlSic da isini, rogorc ukve aRiniSna, 

lokalizebulia naRvlis gzebis uwvriles erTeulebSi, portuli 

traqtisa da parenqimis mijnaze. 

kulturebze Catarebulma kvlevebma daadastura, rom normalur 

hepatocitebs ar gaaCnia klonis warmoqmnis unari da RviZlis 

epiTeluri ujredebi, romlebic in vitro  avlens hepatocitebis msgavs 

funqciebs, savaraudod Rerovani ujredebidan unda iRebdes saTaves 

(Grisham, 1980;  Tsao et al., 1984). Umetic, Grisham -ma warmoadgina koncepcia, 

rom RviZlis Rerovani ujredebi “fakultaturia”: isini aqtiurdeba da 

proliferaciobs mxolod maSin, rodesac hepatocitebis mZime da 

xangrZliv dazianebas Tan erTvis maTi replikaciis inhibireba. Wilson 

da  Leduc‐is kvlevebic eTanxmeba “fakultatiuri Rerovani ujredebis” 

Teorias im gagebiT, rom Rerovani ujredebi dakavSirebulia naRvlis 

duqtulebTan. Lemire  –m da Tanaavtorebma    H-thymidine  –iT moniSvniT 

duqtuluri ujredebis metabolizmis Seswavlis Sedegad  SeZles 

daedginaT am ujredebis msgavseba ovalur ujredebTan da mcire 

hepatocitebTan. naRvlis saerTo sadinaris gadakvanZvisa da naxSiris 

tetraqloridiT zemoqmedebis kombinacia an RviZlis  mZime dazianeba 

furaniT, avlens qolangiolebis arsebobas, romlebic Seicavs rogorc 

naRvlis sadinarovan epiTelur ujredebs, aseve duqtulur 
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hepatocitebs. es movlena uCvenebs duqtuluri ujredebisgan 

hepatocitebis warmoqmnis SesaZleblobas (Sirica, Williams, 1992). 

RviZlis toqsiuri dazianebis Semdeg duqtuluri ujredebidan 

hepatocitebis warmoqmna dasturdeba ara marto RviZlSi, aramed 

pankreasSic, rac am fenomens ufro universaluris saxes aZlevs: 8-9 

kviris ganmavlobaSi virTagvebs amyofebdnen metal-deficitur 

dietaze, rac iwvevda egzokrinuli pankreasis mZime dazianebas. 

cxovelebis normul kvebaze gadayvanis Semdeg qsovilSi SemorCenili 

sadinarovani struqturebi warmoqmnida fenotipurad da biologiuri 

TvisebebiT hepatocitebis, da ara pankreasis acinuri ujredebis msgavs 

ujredebs. acinuri struqturebis SedarebiT msubuqi dazianebis dros 

ki, hepatocitebis warmoqmnis nacvlad, acinuri struqturebi iwyebda 

regeneracias da organos aRdgenas. Aamrigad, pankreasis da RviZlis 

sadinarovani sitemebi, romelTac gaaCnia saerTo embriogenuri 

warmomavloba, inarCunebs hepatocitebis warmoqmnis unars (Rao et al., 

1988;    Rao et al., 1989;   Reddy  et  al., 1984;   Reddy et al., 1991). 

TimidiniT moniSvniT Catarebul eqsperimentebSi 

autoradiografiul kvlevebze dayrdnobiT, Zajicek–m da Tanaavtorebma 

wamoayenes “gamdinare RviZlis” (streaming liver)  koncefcia (Zajicek et al., 

1985).  maT ivaraudes, rom normul mdgomareobaSic ki mudmivad 

mimdinareobs heringis arxSi lokalizebuli umwifari Rerovani 

ujredebis neli proliferacia da diferenciacia ori mwife Rerovani 

ujredis - hepatocitisa da naRvlis gzebis epiTeluri ujredis -  

mimarTulebiT. Pperiportuli hepatocitebi gadaadgildeba 

centraluri venis mimarTulebiT (acinusis periferiisaken). maT Tan 

misdevs eqstraceluluri matriqsi da araparenqimuli ujredebi. 

perivenur midamoSi isini ganicdian apoptozs. aqedan gamomdinare, 

RviZli SeiZleba ganvixiloT mudmivad nela ganaxlebad sistemad, 

romlis „axalgazrduli“ nawili ganlagebulia periportulad, xolo 

„daberebuli“ – centraluri venebis midamoSi.   

Sigal-isa da Tanaavtorebis azriT RviZli “Rerovani ujredebis da 

maTi STamomavlebis sistemaa” sami nawiliT: 1) Rerovani ujredebis 

nawili, romelSic ujredebi atarebs fetalur fenotips, ujreduli 
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cikli nela mimdinareobs da dazianebas nela pasuxobs; 2) meore 

nawili gaZlierebuli funqciiT (amplification compartment)  romlis 

ujredebic atarebs intermediul fenotips da ufro swrafad 

pasuxoben dazianebas da 3) terminaluri diferenciaciis nawili 

swrafad diferencirebadi ujredebiT, romelTac dakarguli aqvT 

gayofis unari. TiToeuli am sami nawilis ujredebis fenotipi 

upiratesad ganisazRvreba maTi asakiT. mimdebare matriqsis 

Semadgenloba uniformuli ar aris, Tumca ujredisa da matriqsis 

urTierTqmedebam SesaZloa diferencirebis gvian etapebzec Secvalos 

fenotipi (Sigal et al., 1992).  

Rerovani ujredebis aqtivaciis zusti meqanizmebi jer kidev 

dgindeba. rogorc ukve avRniSneT, adamianis RviZlSi  Rerovani 

ujredebis lokalizaciad miiCneva periportuli regioni. adamianis 

normul embrionul RviZlSi portuli venis ganStoebebis da 

sadinaris firfitis midamoSi imunohistoqimiurad vlindeba 

ujreduli populaciebi, romlebic fenotipurad imeorebs rogorc 

hepatocitebis, aseve naRvlis sadinaris ujredebis maxasiaTeblebs. 

adamianis fetalur da neonatalur RviZlSi sadinarovani firfitebi 

(ductal plates) da inkorporirebuli naRvlis sadinarebi avlens dadebiT 

eqspresias PTHrP –is mimarT. 4-5 wlis asakisTvis PTHrP eqspresia qreba 

da mozrdilis RviZlSi am markeris eqspresia aRar vlindeba. 

reaqciul duqtulebSi PTHrP  xelaxali eqspresia amyarebs RviZlis 

Rerovani ujredebis naRvlis duqtulebSi (heringis arxebSi) (Roskams et 

al.,1993) arsebobis koncepcias: RviZlis sxvadasxva saxis dazianebis 

dros bcl-2  proto-onkogenis proteinis gamovlena xdeba adamianis 

normul da proliferirebad naRvlis duqtulebSi da mcire zomis 

sadinarebSi (Charlotte  et al., 1994).  

RviZlis qronikuli qolestazuri daavadebis dros duqtuluri 

reaqciis ultrastruqturuli SeswavliT aRmoCenili iqna axali tipis 

mcire zomis epiTeluri ujredi, (Rerovani ujredi), romelic 

diferencirdeba parenqimul an naRvlis sadinarovan ujredad (De Vos,  

Desmet, 1992).  
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naRvlis sadinarebis uwvriles ganStoebebSi Rerovani ujredebis 

arsebobis mravalma eqsprerimentulma dadasturebam axali Suqi 

mohfina duqtuluri reaqciis fenomens. RviZlSi sxvadasxva saxis 

ujredebi, maT Soris polipotenturi Rerovani ujredebi, 

diferenciaciis dros avlens mniSvnelovan plastikurobas. 

hepatocitebi avlens naRvlis sadinaris epiTelur ujredebad 

“transdiferenciaciis” unars Dda piriqiT, zogierTi tipis naRvlis 

epiTeluri ujredi avlens unars Seicvalos diferenciaciis 

mimarTuleba da warmoqmnas hepatociti.  

dReisaTvis fenotipuri diferenciaciis “gadarTvis” meqanizmebi 

jer kidev kvlevasa da dazustebas moiTxovs. aseve dasazustebelia 

Rerovani ujredebis hepatocitebad, naRvlis gzebis epiTeliocitebad 

diferenciaciis maregulirebeli faqtorebi da maTiT aRZruli 

meqanizmebis „CarTvis“ vadebi da pirobebi. srulyofilad aris 

gamosakvlevi RviZlis dazianebis Semdgom Rerovani ujredebis 

proliferaciis gamSvebi meqanizmi. marTalia, am procesSi 

gansazRvruli roli akisriaT hormonebs da plazmur zrdis 

faqtorebs, magramAaqve unda aRiniSnos, rom RviZlis wilakebSi 

duqtuluri reaqcia vlindeba ara generalizebulad, aramed 

sxvadasxva moculobiT, rac gamoricxavs mocirkulacie plazmuri 

faqtorebis gadamwyvet mniSvnelobas (Desmet, 2011).  

axla ganvixiloT hepatocitebis duqtuluri proliferaciis 

sakiTxisadmi miZRvnili kvlevebis zogierTi Sedegi, rac 

gasaTvaliswinebelia Cveni kvlevebis Sedegebis interpretaciisaTvis. 

hepatocitebi da biliuri epiTeliumis ujredebi mozrdilis 

RviZlSi warmoadgens mwife ujredebis or tips. isini embriogenezis 

periodSi warmoiqmneba hepatoblastebidan. postnatalur periodSi 

RviZlis dazianeba, romelic SeuRlebulia hepatocitebis 

proliferaciis dablokvasTan, iwvevs “ovaluri ujredebis” 

proliferacias (mRrRnelebze modelirebul paTologiebSi); es 

ukanasknelni gardaiqmneba hepatocitebad da aRadgens RviZlis 

parenqimis dakargul nawils (Alison et al., 1997;   Evarts et al., 1987, 1989, 1996;     

Golding et al ., 1995;   Lazaro et al., 1998). adamianis daavadebaTa 
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histopaTologiaSi am ujredebs ewodeba “duqtuluri hepatocitebi” 

(Fiel et al., 1997;   Haque et al., 1996;   Haruna et al., 1996). aRniSnuli ujredebi 

avlens rogorc hepatocitebTan, aseve biliur ujredebTan 

asocirebuli genebis eqspresias da gamovlindeba mravali daavadebis 

dros - mwvave hepatitidan pirveladi biliaruli cirozis CaTvliT 

(Vandersteenhoven et al.,1990; Crosby et al., 1998; Crosby, Hubscher, 1998).  

mRrRnelebze Catarebuli mravali eqsperimentiT dadasturebulia, 

rom ovaluri ujredebi warmoiqmneba biliuri epiTeliumis Tvisebebis 

mqone Rerovani ujredebidan ( Paku et al., 2001;   Paku et al., 2004). ovaluri 

ujredebis winamorbedebis ganTavsebis adgilad miCneulia heringis 

arxebi. es arxebi warmoadgens hepatocitebSi axladwarmoqmnili 

naRvlis gamtari duqtuluri sistemis pirvel struqturul erTeuls, 

biliuri epiTeliumiT gamofenil mcire duqtulebs, romlebic 

akavSirebs naRvlis kapilarebs portuli traqtis biliur 

duqtulebTan. Hamdenad, heringis arxebi mWidro kavSirSia 

hepatocitebTan. moxerxda heringis arxebis sigrZis da parametrebis 

gansazRvra da dadginda, rom es arxebi iWrebian wilakis siRrmeSi 

(Crawford,. 2002;   Falkowski et al., 2003;   Saxena et al., 2004;   Hytiroglou et al., 2004).  

ovaluri ujredebis proliferaciis gamowvevis aRiarebuli 

modeli  gulisxmobs parciul hepateqtomias N-2‐acetil-

aminoflureniT (AAF - N-2-acetyl-aminofluorene)  gamowveul 

intoqsikaciasTan erTad (Evarts et al., 1987). parciuli hepateqtomia 

(PH(x)) astimulirebs hepatocitebis proliferacias, rac warmoadgens 

RviZlis regeneraciis normaluri procesis erT-erT Semadgenel 

nawils. AAF iwvevs hepatocitebis proliferaciis inhibicias. PH(x) -is 

Semdgom 3-5 dRis ganmavlobaSi RviZlis wilakis periportul midamoSi 

vlindeba ovaluri ujredebi. Kkvlevebma, romlebic eyrdnoboda am 

tipis eqsperimentul models, gamoavlina, rom heringis arxebis 

gamomfeni ujredebis garda portuli naRvlis duqtulebis epiTeluri 

ujredebic SesaZloa aseve warmoadgendes ovaluri ujredebis wyaros. 

AAF + PH(x)  -is  Semdgom, 1-2 dRis ganmavlobaSi portuli duqtulebis 

biliaruli epiTeliumis birTvebSi xdeba hepatocitebTan asocirebuli 
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transkripciuli faqtorebis gamovlena, rac savaraudod ovaluri 

ujredebis winamorbed ujredebad aqtiuri transdiferenciaciiT 

aixsneba (Nagy  et al., 1994).  

dadasturebulia, rom meTilen dianiliniT (DAMP)  biliuri 

epiTeliumis winaswari dazianeba,  ainhibirebs ovaluri ujredebis 

warmoqmnas  AAF + PH(x) Semdgom (Petersen et al., 1997). am dakvirvebam 

daadastura, rom ovaluri ujredebi warmoiqmneba biliuri 

winamorbedebisgan. ovalur ujredebsa da biliur epiTeliums Soris 

mWidro kavSiri dasturdeba sxva mravali gamokvleviTac. ase, 

magaliTad, Strain  –is da Tanaavtorebis  kvlevebiT naCvenebia, rom 

ovaluri ujredebi adamianis RviZlis bioptatebSi biliaruli 

markerebis, Bcl-2 -isa da neironuli adheziuri molekulis mimarT (neural 

adhesion molecules) avlens kompleqsur eqspresias (Strain et al., 2003).  

PH(x) –is Semdgom 6-8 dRis ganmavlobaSi Oovaluri ujredebi 

gamoimuSavebs α-fetoproteins da gardaiqmneba albuminis da 

hepatocitebTan asocirebuli sxva markerebis moproduqcie mcire 

hepatocitebad. mcire hepatocitebi erTveba wilakis histologiur 

arqiteqtonikaSi da xels uwyobs RviZlis dakarguli masis aRdgenas. 

qimiuri dazianeba, PH(x)-isagan gansxvavebiT, mogvianebiT fazaSi iwvevs 

ovaluri ujredebis transformacias hepatocitebad (Petersen et al., 1998).  

sxvadasxva ujreduli meqanizmebis CarTvis zusti sqema da 

algoriTmi jerjerobiT ar aris dadgenili, Tumca dadasturebulia, 

rom iseT viTarebaSi, rodesac RviZlis masis dakargvis Semdeg 

hepatocitebs dakarguli aqvs gamravlebis unari, biliuri ujredebi 

funqcionirebs rogorc fakultaturi Rerovani ujredebi da aRadgens 

RviZlis masas.  

amasTanave, unda aRiniSnos, rom zogierT kvlevebSi naCvenebi iqna 

amis sawinaaRmdego meqanizmi - hepatocitebis transdiferenciacia 

biliur ujredebad. bavSvis da mozrdili adamianis RviZlSi mimdinare 

naRvlis gzebis paTologiuri cvlilebebis (pirveladi biliuri 

cirozi an pirveladi sklerozuli qolangiti) dros damtkicda 

ovaluri ujredebis markeris - OV-6  -is  arseboba hepatocitebSi. 
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eqsperimentul modelebSi ganxorcielebulma kvlevebma, qolin-

deficituri dietisa da/an biliaruli toqsinis – ANIT -is gamoyenebis 

fonze, gamoavlina hepatocitebi, romlebic axdens biliarul 

markerebze eqspresias. transgenur Tagvebze ganxorcielebul RviZlis 

dazianebis modelebSi aseve gamovlinda, rom hepatocitebma SesaZloa 

warmoqmnas ovaluri ujredebis Tvisebebis mqone ujredebi. am 

kvlevebSi naCvenebia, rom hepatocitebi avlens eqspresias 

qolangiocitebTan asocirebul  markerebze, rac safuZvels gvaZlevs 

vivaraudoT, rom mRrRnelebisa da adamianis RviZlSi hepatocitebs 

aqvs naRvlis gzebis epiTelur ujredebad transdiferenciaciis unari. 

Strain  –ma  da Tanaavtorebma  daadastures, rom OV-6 markeri, 

romelic normulad eqspresirebs mRrRnelebis ovalur ujredebSi, 

duqtur firfitis ujredebsa da adamianis hepatoblastebSi, aseve 

eqspresirebs adamianis hepatocitebis grovebSi RviZlis mravali 

daavadebis dros, maT Soris iseTebis, rogoricaa biliuri atrezia, α-

1 antitripsin deficiti, pirveladi biliuri cirozi da pirveladi 

sklerozuli qolangiti ( Crosby et al., 1998; Crosby et al., 1998  Strain et al., 

2003). 

aseve naCvenebia, rom organul kulturebSi SesaZlebelia 

hepatocitebis gardaqmna biliur ujredebad (Michalopoulos et al., 2007). am 

kvlevebSi gamoyenebul iqna Fisher‐is virTagvebi qimeruli RviZliT. 

amgvar RviZlSi hepatocitebis nawili warmoqmnilia donori 

dipeptidil peptidaza IV pozitiuri (DPPIV) Fisher‐is virTagvebisgan. es 

hepatocitebi avlens eqspresias enzimatur marker DPPIV -ze.  Ees 

markeri ar eqspresirdeba (DPPIV)-negatiur Fisher‐is virTagvebis 

hepatocitebsa da biliuri epiTeliumis ujredebSi. qimeruli RviZlis 

histologia dawvrilebiT iqna aRwerili Laconi –isa da Tanaavtorebis 

(Laconi et al., 1998) da Shafritz –is da Tanaavtorebis (Dabeva et al., 1998;   Oren 

et al., 1999) mier. biliuri epiTeliumis ujredebi, romlebic avlenda 

pozitiur eqspresias hepatocitebis DPPIV markerze,  aRmoCenil iqna 

qimeruli RviZlis organul kulturebSi. es faqti adasturebs 

hepatocitebidan biliaruli ujredebis warmoqmnis SesaZleblobas. 
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mogvianebiT, aseTive SesaZlebloba dadasturda cxovelebze (in vivo) 

eqsperimentebSic: DPPIV‐pozitiuri Fisher‐is virTagvebSi naRvlis 

saerTo sadinaris gadakvanZvas mosdevs biliuri epiTeliumis 

ujredebis gaZlierebuli proliferacia da portul traqtebSi 

mravlobiTi duqtulebis warmoqmna (Sirica et al., 1992;  Polimeno et al., 1995). 

magram, rodesac biliuri epiTeliumis ujredebis proliferacia 

daTrgunulia DAMP‐iT zemoqmedebiT vlindeba didi raodenobiT 

hepatocitebis gardaqmna biliur ujredebad (Michalopoulos et al., 2007). 

tranzitoruli cvlilebebi aRiniSneboda periportuli midamos 

hepatocitebSi, gansakuTrebiT ki portuli traqtebis momijnave 

hepatocitebSi. Ees ujredebi eqsperimentis Zalian adreul fazaSive 

avlendnen eqspresias OV-6  mimarT – DAMP-is gamoyenebidan 24 saaTSi. 

biliaruli markeris - CK 7‐is eqspresia ki aRiniSneboda gvian, 

naRvlis saerTo sadinaris gadakvanZvidan me-7 dRes. Ees cvlilebebic 

Semoifargleboda periportuli midamoTi. savaraudoa, rom 

periportuli midamos hepatocitebis nawili ganicdis TandaTanobiT, 

nawili ki  swraf gardaqmnas. portuli triadebis irgvliv  ujredebis 

rkalis (ring)  warmoqmna, romelic fenotipurad xasiaTdeba rogorc 

hepatocitebis, aseve qolangiocitebis TvisebebiT, gvagonebs 

embriogenezis periodSi gamovlenil sadinarovan firfitas (Haruna et 

al., 1996; Michalopoulos et al., 2007). 

naRvlis saerTo sadinaris gadakvanZvidan 30-e dRes, hematoqsilin-

eoziniT SeRebil histologiur anaTlebze aRiniSneboda mravlobiTi 

naRvlis duqtulebis Semcveli gafarToebuli portuli traqtebi. 

mravali duqtula avlenda pozitiurobas DPPIV mimarT.  

ovaluri ujredebi TavianTi SesaZleblobebiT yvelaze axlosaa 

RviZlis Rerovan ujredebTan. DAMP  zemoqmedeba Trgunavs ovalur 

ujredebs (Petersenet al., 1997). vinaidan ovaluri ujredebi da 

qolangiocitebi fenotipurad hgavs erTmaneTs, didi albaTobiT DAMP 

maTzec igive zemoqmedebas axdens.  DAMP zemoqmedebis Semdeg DPPIV‐

pozitiuri duqtulebis ricxvis mkveTri zrda mkafiod miuTiTebs, rom 
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isini warmoiqmnebian hepatocitebisgan (cnobilia, rom hepatocitebi 

rezistentulia DAMP mimarT) (Michalopoulos et al., 2007). 

aqedan gamomdinare gakeTda daskvna, rom  naRvlis saerTo sadinaris 

gadakvanZvis Semdgom proliferirebuli duqtulebis nawili 

hepatocitebidan aRmocendeba.  

amasTanave, araa naCvenebi, rom mxolod naRvlis saerTo sadinaris 

okluziis dros (DAMP‐iT zemoqmedebis gareSe) xdebodes 

hepatocitebis transdiferenciacia biliur epiTeliocitebad. 

am tipis kvlevis  Sedegebi mniSvnelovania RviZlis regeneraciuli 

biologiisaTvis. M 

miCneulia, rom protokoli - naRvlis saerTo sadinris gadakvanZva  

+ DAMP, ramdenadme hgavs PH(x)+AAF protokols, romelic gamoiyeneba 

sawinaaRmdego mimarTulebiT ganxorcielebuli cvlilebebis 

induqciisaTvis, anu qolangiocitebis hepatocitebad gardaqmnisaTvis 

(ovaluri ujredebis “stadiis” gavliT) (Michalopoulos et al., 2007).  

Teorema, rom Rerovani ujredebi saWiroebis SemTxvevaSi 

aRadgendnen hepatocitebs an qolangiocitebs, jer kidev ar aris 

qceuli aqsiomad. amasTanave, dadasturebulia, rom arastandartuli 

regeneraciis pirobebSi hepatocitebi da qolangiocitebi warmoadgens 

fakultatur Rerovan ujredebs erTmaneTisaTvis. heringis arxi 

warmoadgens hepatocitebisaTvis fakultaturi Rerovani ujredebis 

wyaros. heringis arxi aseve warmoadgens qolangiocitebis avangards, 

romlebic mWidro kavSirSi imyofeba hepatocitebTan da iWreba 

wilakis siRrmeSi (Crawford, 2002;    Theise et al., 1999). hepatocitebsac aqvs 

unari gamoavlinos fakultaturi Rerovani ujredebis Tvisebebi 

qolangiocitebisaTvis. aseTi hepatocitebi lokalizebuli arian 

periportul midamoSi, Tumca ar aris gamoricxuli, rom amave 

Tvisebebs avlendes sxva, wilakSi ufro Rrmad lokalizebuli 

hepatocitebic (Michalopoulos et al., 2007). 

RviZlis parenqimis didi masis “dakargvisas” rac SeiZleba 

gamowveuli iyos PH(x)-iT an CCL4-iT gamowveuli dazianebiT, RviZlis 

regeneracia mimdinareobs SedarebiT determinirebul ujredTa 

proliferaciiT: hepatocitebi warmoqmnis hepatocitebs da 
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qolangiocitebi _ qolangiocitebs da a.S.  (Michalopoulos et al.,  1997). 

regeneraciis procesis dasasruls xdeba RviZlis masis aRdgena. 

magram, im SemTxvevebSi, rodesac hepatocitebis proliferaciuli 

aqtivoba daTrgunulia (mag., AAF, retrorzinis da a. S. gamoyenebisas), 

periportul midamoSi Cndeba ovaluri ujredebi, romlebic TandaTan 

diferenciredeba hepatocitebad. yvela es faqti miuTiTebs, rom 

ovaluri ujredebi  warmoiqmneba naRvlis gzebidan. kerZod: 

1. mcire hepatocitebad gardaqmnamde ovaluri ujredebi avlens 

eqspresias biliur markerebze (Yin et al., 2002). 

2. PH(x) + AAF eqsperimentul modelSi naRvlis duqtulebSi 

swrafad xdeba hepatocitebTan asocirebuli transkripciuli 

faqtorebis donis mateba (Nagy et al., 1994 ). 

3. PH(x) + AAF Semdgom myisve biliuri toqsinis DAMP -is gamoyeneba, 

gamoricxavs ovaluri ujredebis arsebobas (Petersen et al.,1997). 

sakamaTod rCeba ovaluri ujredebis winamorbedi ujredebis 

zusti lokalizaciis sakiTxi naRvlis gamomtan struqturebSi 

(heringis arxi da/an portuli duqtulebi). Hproblemas qmnis isic, rom 

heringis arxi da intraportuli naRvlis duqtula ganixileba 

rogorc erTmaneTisgan gansxvavebuli, eqskluziuri alternativebi 

(Nagy et al.,  1994;  Hixson et al., 1997;  Yang et al., 1993;   Faktor, Radaeva,  1992;   

Theise, Saxena,  1999).  

aRniSnuli problemis gamo, gansakuTrebiT ki duqtulur 

reaqciasTan mimarTebiT, mniSvnelovania wvrili kalibris naRvlis 

gzebis – arxebisa da duqtulebis – klasifikaciisa da terminologiis 

sakiTxis ganxilva arsebuli saerTaSoriso konsensunsis 

gaTvaliswinebiT. 

saqme imaSia, rom naRvlis gzebis distaluri gantotebebi 

kargadaa gansazvruli: naRvlis saerTo sadinari warmoiqmneba RviZlis 

marjvena da marcxena sadinarebis SeerTebiT. isini, Tavis mxriv, 

warmoiqmneba segmenturi sadinarebisgan, es ukanasknelni ki dasabams 

iRebs ramodenime septuri sadinarebis SerwymiT. septuri sadinarebi ki 

miiReba mravali interlobuluri sadinarebis SeerTebiT (Ludwig et 
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al.,1998). cnobilia, rom es interlobuluri sadinarebi warmoiSveba 

qolangiocitebiT gamofenili ufro mcire zomis milovani 

struqturebisgan, romelTa sanaTuric, Tavis mxriv, gadadis 

hepatocitebiT mosazRvrul naRvlis kapilarebis sanaTurSi. 

amasTanave, terminebi, romlebic gamoiyeneba am umciresi, yvelaze 

proqsimaluri naRvlis duqtulebis aRsaniSnavad, Txoulobs  

dazustebasa da unificirebas.  

struqtura, romelic cnobilia  heringis arxis saxeliT, 

pirvelad, Tumca arasrulfasovnad, aRweres im mkvlevarebma, 

romlebic iyenebdnen sxvadasxva ZuZumwovrebis milovan sistemebSi 

saRebavis inieqciis meTods. Eevard heringma 1867 wels berlinis 

lurjis eqskreciis Semswavleli eqsperimentis SedegebSi aRwera 

kavSiri hepatocitebis kanalikulur sistemasa (SemdgomSi mas ewoda 

“RviZlis kapilarebi”) da naRvlis sadinars Soris (Hering,   1867). Aam 

publikaciaSi man CarTo naRvlis arxebis struqturis ilustracia, 

romelic gamofenili iyo nawilobriv hepatocitebiT da nawilobriv 

qolangiocitebiT. Ees struqtura grZeldeboda arxSi, romelic 

mTlianad qolangiocitebiT iyo amofenili. SemdgomSi, TiTqmis 

saukunenaxevris ganmavlobaSi, SeRebvis sxvadasxva meTodebiT 

damuSavebuli da sinaTlis mikroskopiT aRwerili am struqturebis 

saxelwodebebi xSirad icvleboda (Letulle, 1915;   McIndoe, 1928;   Clara, 

1930;  Elias, 1949).  maTi aRmoCenidan daaxloebiT asi wlis Semdeg ki, 

wvrili kalibris naRvlis sadinarebisa da hepatocitebis kapilaruli 

sistemis Sexebis  midamos eleqtronuli mikroskopiT aRweris (Daems, 

1961;  Jezequel,  1962;  Albot, Jezequel, 1962;  Steiner et al., 1965) Sedegad moxda 

Semdegi debulebis formulireba: ,,naRvlis kapilaris gadasvla 

naRvlis sadinarSi xdeba portuli traqtis mijnaze. es ori 

struqtura erTmaneTs ukavSirdeba heringis arxiT, romlis sinonimebia 

qolangiola, kapilarul-duqtuluri kavSiri, SemaerTebeli sadinari, 

Sualeduri segmenti. H 

heringis arxi Sedgeba mosazRvre firfitis (limiting plate) 

hepatocitebisa da biliuri ujredebisgan. Hheringis arxis sanaTuri 

odnav farTea vidre naRvlis kapilari. zogjer, SeiZleba erT 
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heringis milakSi ramodenime naRvlis kapilari CaerTos (Kordzaia, 1990; 

Murakami et al.; Motta et al.). hepatocitebisa da qolangiocitebis 

mikroxaoebi iWreba mis sanaTurSi. Hhepatocitebi da naRvlis 

duqtulebis ujredebi erTmaneTs ukavSirdebian SemaerTebeli 

(junctional) kompleqsebiT. biliuri ujredebi mosazRvrulia bazaluri 

membraniT (bazaluri firfita)  ( Phillips et al., 1987).  es aRweriloba 

arasrulia. avtorTa nawili varaudobs, rom arxebi, romlebic 

akavSirebs interlobulur naRvlis duqtulas da kapilarebs,  exeba 

RviZlis parenqimas - mosazRvre firfitas (Elias, 1949;  Daems, 1961;  

Takahashi-Iwanaga, Fujita, 1991), an hepatocitebs wilakis siRrmeSi (McIndoe,  

1928;  Clara, 1930;   Takahashi-Iwanaga, Fujita, 1991;  Ekataksin, Wake , 1997;   Elias, 

1949;   Buyssens,1962).  

amgvarad, SeiZleba ganasxvaon duqtulebi, romlebic 

ganTavsebulia mxolod portul velSi da  duqtulebi, romlebic 

moicavs portul da intralobulur segmentebs. intralobuluri 

duqtulebi Semofarglulia mezenqimuri komponentis Txeli SriT, 

Cveulebriv, bazaluri membraniT da mikrosisxlZarRvebiT, Tumca 

xandaxan gvxvdeba mcire raodenobiT kolagenis boWkoebic (McIndoe, 

1928; Ekataksin, Wake, 1997;  Gouw et al.,  2001). 

heringis arxi, romlis kedlebic Seqmnilia nawilobriv 

hepatocitebiT, nawilobriv ki qolangiocitebiT, icvleba (varirebs) 

sigrZeSi. Uukanaskneli kvlevis Sedegebi, romelic eyrdnoba naRvlis 

gzebis imunohistoqimiur SeRebvas da normuli RviZlis seriuli 

anaTlebis samganzomilebian rekonstruqcias, mkafiod cxadhyofs, rom 

heringis arxi xSirad ar wydeba portuli traqtis hepatocitebiT 

SemosazRvrul mosazRvre firfitasTan, aramed igi vrceldeba wilakis 

SigniT da akavSirebs wilakSida naRvlis kapilarul sistemas, 

portul traqtSi ganTavsebul duqtulebTan (Saxena et al., 1999;  Theise et 

al.,1999). naRvlis gzebis unatifesi struqturebis terminologia metad 

cvalebadobs da xSirad kamaTis mizezi xdeba.

amasTanave, organzomilebian anaTalSi imunohistoqimiuri 

SeRebviT biliuri markerebis eqspresias avlens calkeuli an mcire 

grovebis saxiT warmodgenili qolangiocitebi, romlebic 

  34



ganTavsebulia portuli traqtidan sxvadasxva distanciaze. magram es 

ujredebi xSirad qmnis sanaTurebs, romlebic warmoadgens biliuri 

xis yvelaze wvrili ganStoebis ganiv Wrilebs. imunofenotipirebis 

meTodma kidev ufro ganamtkica es mosazreba (Van Den Heuvel  et al., 2001;  

Roskams et al., 2003). amavdroulad, sul ufro Rrmavdeba interesi am, 

erTi SexedviT izolirebuli ujredebis mimarT,  romlebic umciresi 

biliaruli  gantotebebis Semadgenels warmoadgens, da romlebic, 

sxvadasxva avtoris azriT gaigivebulia RviZlis Rerovan ujredebTan 

(Theise et al., 1999;   Roskams et al., 2003;  Sell,1998;  Baumannet al., 1999).  

yovelive zemoTqmuli adasturebs iseTi terminologiuri sitemis 

SemuSavebis aucileblobas, romelic erTi mxriv, adekvaturad, xolo 

meore mxriv, yvelasaTvis gasagebad asaxavs samecniero kvlevebis 

Sedegebs.  

avtorTa didma jgufma, romelic specialurad Seiqmna 

saerTaSoriso konsensusis misaRwevad, gaiTvaliswina ra naRvlis 

sadinarebis uwvrilesi struqturebis Taobaze yvela Tanamedrove 

Sexeduleba da maTi Semadgeneli nawilebis aRsaniSnavad gamoyenebul 

yvela termini,  moawoda SeTanxmebuli, e.w. konsensus klasifikacia 

(Roskams, et al., 2004): 

• heringis arxi aris arxi, romelc gamofenilia nawilobriv 

hepatocitebiT da nawilobriv qolangiocitebiT. is warmoadgens 

anatomiur da fiziologiur kavSirs intralobulur naRvlis 

kapilarul sistemasa da naRvlis sadinarebs Soris. ujredebi, 

romlebic morfologiuri  da imunofenotipuri maxasiaTeblebis 

mixedviT ikavebs Sualedur adgils hepatocitebsa da 

qolangiocitebs Soris (“intermediuli” (Sualeduri) ujredebi”),  

normul   qsovilSi ar vlindeba. amasTanave, hepatocitebis biliur 

epiTeliocitebSi gadasvlis (hepatocelulur-biliuri kavSirebi) 

adgili SeiZleba mdebareobdes ara “mosazRvre firfitaze”, 

rogorc adre iyo miCneuli, aramed portuli traqtidan moSorebiT, 

heringis arxis radialurad gagrZelebis areSi; am areebis 

proeqciebi varskvlaviseburi formis struqturas qmnis portuli 

traqtebis irgvliv. 
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• heringis arxs agrZelebs duqtulad wodebuli arxi, romelic 

mxolod qolangiocitebiTaa gamofenili. Dduqtulebma SeiZleba 

gadakveTos mosazRvre firfita da amgvarad daiyos or pirobiT 

segmentad: intralobulur da intraportul segmentebad.  

• duqtulebi Tavis mxriv ukavSirdeba umcires interlobulur 

naRvlis sadinarebs. 

• duqtulamac da interlobulurma naRvlis sadinarmac SeiZleba 

ganicados gantotva TavianTi kontiniumis nebismier nawilSi.  

gasaTvaliswinebelia, rom qolangiocitebi ujredTa heterogenuli 

jgufia ( Alpini et al., 2002), romelic asrulebs sxvadasxva struqturul 

da fiziologiur funqcias: gamofens naRvlis gamomtan sistemas 

(Saxena et al., 1999;  Ros et al., 2003), asinTezebs da/an gamoyofs naRvlis 

komponentebs da cvlis naRvlis konsistenciasa da dinebas (Ros et al.,  

2003), warmoadgens intraorganuli fakultaturi Rerovani ujredebis  

depos (Theise et al., 1999;  Roskams et al., 2003;  Sell, 1998;   Baumann et al., 1999), 

monawileobs matriqsis stabiluri konstruqciis SenarCunebaSi, aseve 

fibrogenezSi (Roskams et al., 1996;  Kiss et al., 2001;   Hytiroglou et al., 1998). 

SesaZloa qolangiocitebs gaaCndes sxva funqciebic, romlebic 

jer an srulad cnobili ar aris. amasTanave, gaurkvevelia, ramdeni 

funqcis Sesruleba SuZlia qolangiocitebs erTdroulad. 

specializirebuli kvlevebiT (imunohistoqimiuri SeRebva an 

eleqtronuli mikroskopia) tipuri sisqis (6 mikronze naklebi) 

anaTlebSi aRmoCenil epiTeliocitTa umetesoba warmoadgens 

duqtulebis ganivkveTis Semadgenels, Tumca, iSviaTad isini vlindeba 

calkeuli, “individuri” ujredebis, maTi mcire grovebis an  

,,kuboiduri Wimebis” saxiT.  SeiZleba vivaraudoT, rom zogi am 

ujredTagani RviZlSi xvdeba sisxlis nakadTan erTad (xSirad es unda 

xdebodes ligand-receptoris specifiuri urTierTqmedebis meqanizmiT). 

magram, maSinac ki, roca isini RviZlSi Semodis garedan, mainc mWidro 

kavSirSia RviZlis wilakis arsebul struqturebTan. amasTanave, am 

hipoTeturi struqturis erTiani, samganzomilebiani konstruqciis 

detaluri Seswavlis Sedegebi jer cnobili ar aris.  
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farTod gavrcelebuli terminologiiT “duqtuluri 

proliferacia” ewodeba paTologiur mdgomareobebis dros 

gamravlebadi epiTeluri ujredebis populacias, romelic aRiniSneba 

hepatocitebisa da portuli velebis mijnaze. amasTanave sityvaTa es 

Sewyvileba yovelTvis adekvaturad ver asaxavs viTarebas, radganac 

proliferaciuli reaqcia SeiZleba aRmocendes ara mxolod ukve 

arsebuli naRvlis sadinarebis ujredebis, aramed gaaqtivebuli da 

diferencirebadi Rerovani ujredebis, an im ujredebis monawileobiT, 

romlebic RviZlSi aRmoCndnen cirkulaciis gziT da ganicades 

diferencireba RviZlis ujredebad (Petersen et al.,1999;  Theise et al., 2000).  

iSviaTad, proliferirebuli ujredebi SeiZleba warmoadgendes 

hepatocitebis biliaruli metaplaziis Sedegs (Desmet et al., 1995).  

1957 w. Popper da TanaavtorTa mier (Popper et al., 1957) hepatologiur 

literaturaSi Semotanili iqna termini “duqtuluri reaqcia”. is 

gulisxmobs reaqcias duqtuluri fenotipiT, SesaZlo, magram ara 

aucileblad duqtuluri geneziT. es warmoadgens Tanamedrove 

onkologiaSi damkvidrebuli praqtikis analogs (rodesac neoplaziis 

saxeli asaxavs mis fenotips, xolo simsivnis ujreduli genezi 

yovelTvis cnobili ar aris). rogorc ukve aRiniSna, RviZlSi 

duqtuluri reaqciis epiTeluri komponentis wyaro xSirad 

dauzustebelia: is SesaZloa iyos naRvlis sadinarebis uwvrilesi 

gantotebebi, an cirkulaciis gziT Semosuli ujredebi (TiTqmis 

yovelTvis Zvlis tvinidan) an hepatocitebis biliuri metaplazia. 

TviT “reaqcia” ki moicavs epiTeluri fenotipis ujredebis, anTebis 

ujredebis da stromis komponentebis im kompleqsur cvlilebebs, 

romelic RviZlSi viTardeba sxvadasxva paTologiuri mdgomareobebis 

dros da gamoixateba duqtuluri konstruqciebis raodenobis matebiT.  

aRsaniSnavia, rom pirvelad swored duqtuluri reaqciis dros 

gamovlinda epiTeluri komponentis ujredTa msgavseba karcinogenezSi 

monawile mRrRnelebis “ovalur ujredebTan” (Farber, 1956;  Gerber, Thung, 

1992; Gerber, Thung, 1993;   Roskams et al., 1998). analogiurad, sxvadasxva 

paTologiis pirobebSi adamianis RviZlis qsovilis kvlevis drosac  

xSirad dgeba iseTi terminebis gamoyenebis saWiroeba, rogoricaa 
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“ovaluri ujredebi” an “ovalurismsgavsi ujredebi” da misT (Roskams, 

et al., 2004). 

marTalia,Aarsebobs msgavseba adamianis da mRrRnelebis RviZlis 

Rerovan ujredebs Soris, magram mRrRnelebis sxvadasxva 

eqsperimentuli modelebi zustad ver asaxavs adamianis organizmSi 

mimdinare procesebs, ris gamoc erTidaimave terminebis gamoyeneba 

yovelTvis gamarTlebuli ar aris. magaliTisaTvis, mRrRnelebis 

RviZlis dazianebisas ovaluri ujredebis gamokveTili Tvisebaa α-

fetoproteinis produqcia, maSin rodesac adamianis RviZlSi 

duqtuluri reaqciis dros am markeris eqspresia TiTqmis ar 

aRiniSneba. primatebSi parciuli hepateqtomiis modelis kvleva aseve 

adasturebs fundamenturi gansxvavebebis arsebobas adamianisa da 

mRrRnelebis regeneraciis fenomenebs Soris (Gaglio  et al., 2002). amdenad, 

adamianis RviZlis mimarT mizanSewonilad ar aris miCneuli 

terminebis: “ovaluri ujredebi” da “ovalurismsgavsi ujredebi” 

gamoyeneba.  

adamianebSi am ujredebs umjobesia ewodos Sualeduri 

(intermediuli) hepatobiliuri ujredebi. maTi diametri aRemateba 6 

mikrons anu heringis arxis normaluri ujredis, (mcire 

qolangiocitis) saSualo zomas da naklebia 40 mikronze - 

hepatocitebis tipur zomaze. sxva maxasiaTeblebi aseve mowmobs maT 

ormag bunebas (rogorc hepatocitebis, aseve qolangiocitebis msgavss). 

es upirveles yovlisa gulisxmobs biliuri (CK 19  da  7, OV-6)  da 

hepatocitebis (HepPar I,  albumini, α-1-antitripsini, biliaruli 

glikoproteini-1, romelic vlindeba poliklonuri anti-CEA–is 

kanalikuluri SeRebviT, iSviaTad α-fetoproteini) antigenebis 

erTdroul eqspresias.  

amasTanave, termin “ovaluri ujredebis” gamoyeneba 

mizanSewiniladaa miCneuli mRrRnelebSi RviZlis morfologiuri 

kvlevebis dros. mRrRnelebis ovaluri ujredebi da adamianis 

intermediuli hepatobiliaruli ujredebi Tumca morfologiurad da 

fenotipurad mniSvnelovnad gansxavadeba, msgavsia mravali 

fiziologiuri funqciiT. 

  38



aseve mizanSeuwonladaa miCneuli termin “Rerovani ujredebis” 

gamoyeneba histologiur anaTlebis kvlevisa da aRweris dros. Aam 

frazas, romelsac iyeneben ujreduli biologiis specialistebi, aqvs 

gansakuTrebuli mniSvneloba da qveteqsti, kerZod, mas iyeneben 

multipotentur  (an totipotentur) ujredTan mimarTebiT, romelsac 

aqvs TviTganaxlebis unari da dasabams aZlevs sxva diferencirebuli 

rigis ujredebs (savaraudod asimetriuli gayofis gziT). 

amavdroulad, adamianebSi ujredebis am Tvisebebis demonstracia 

rTulia  da amitomac am terminebis gamoyeneba bundovanebas iwvevs. is 

SeiZleba gamoviyenoT rogorc saTadarigo termini, rogorc 

mRrRnelebSi, aseve adamianebSi iseTi eqsperimentis dros, sadac 

xerxdeba ujredebis swored am zemoaRniSnuli unaris (Tvisebebis) 

demonstracia (Roskams et al., 2004).  

problemas warmoadgens aseve terminebis “tipuri-” da “atipiuri 

duqtuluri proliferaciis” adekvaturi gamoyeneba. es terminebi 

warmoiSva adamianebSi eqstrahepatuli da intrahepatuli qolestazis 

histologiuri diferenciaciis mcdelobis safuZvelze (Rubin et al., 

1965). miCneulia, rom tipuri duqtula warmoiqmneba ukve arsebuli 

duqtulis proliferaciis Sedegad da gaaCnia kuburi ujredebiT 

amofenili mkafio sanaTuri (magaliTad, virTagvebSi naRvlis saerTo 

sadinaris gadakvanZvis Semdgom).  

adamianebSi duqtuluri reaqciis es tipi vlindeba mwvave da 

totaluri eqstrahepatuli obstruqciis pirobebSi, magaliTad, 

eqstrahepatuli naRvlis gzebis qviT an simsivnuri procesiT sruli 

daxSobisas (Roskams, Desmet, 1998).A 

atipiuri duqtulebi vlindeba wvrili, wagrZelebuli 

struqturebis saxiT, romlebic vrceldeba wilakebSi iregularulad, 

amofenilia gabrtyelebuli ujredebiT da ar gaaCnia mkafiod 

gamoxatuli sanaTuri. atipiuri duqtuluri reaqcia mWidrod 

ukavSirdeba Sualeduri ujredebis gaaqtivebas (msgavsad ovaluri 

ujredebis reaqciisa mRrRnelebze modelirebuli paTologiebis 

dros). Aam tipis duqtulur reaqcias adgili aqvs nekrozisSemdgomi 

regeneraciis, eqstrahepatuli nawilobrivi obstruqciis da 
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“gauCinarebadi” (vanishing)  naRvlis sadinarebis  sindromis dros 

(Roskams, Desmet, 1998), Tumca, duqtuluri reaqciis am or tips Soris 

mkafio sazRvris gavleba dRemde gaZnelebulia (Gardiol, 1962).  

RviZlis da naRvlis gzebis vizualizaciis meTodebis daxvewam 

1970-iani wlebidan Seamcira intra- da eqstrahepatuli qolestazis 

histologiuri diferenciaciis saWiroeba. meore mxriv, nawilobrivi 

eqstrahepatuli obstruqciis da “gauCinarebadi” naRvlis sadinrebis 

sindromis dros histologiur diferenciacias arTulebs 

hepatoceluluri da qolangiocituri dazianeba, rasac Sedegad 

mosdevs ara mxolod naRvlis gzebis obstruqciuli dazianeba, aramed 

Sualeduri ujredebis regeneraciac – ufro metad dazianebuli 

ujreduli populaciis “sasargeblod” (sakompensaciod) (Gaglio et al., 

2002).  

amasTanave, vinaidan termini “atipiuri” diagnostikur 

paTohistologiaSi gamoiyeneba (pre)malignuri procesebis konteqstSi, 

am terminis gamoyenebac garkveul sifrTxiles saWiroebs (Roskams, et 

al., 2004). 

duqtuluri reaqcia unda gansxvavdes sadinarovani firfitis 

ganviTarebis anomaliisgan (malformaciisgan).  malformacia vlindeba 

paTologiuri naRvlis sadinarebis msgavsi struqturebis saxiT; isini 

ar warmoadgens reaqciul fenomens (Desmet, 1992). sadinarovani 

firfitis malformacia vlindeba RviZlis fibropolicisturi 

daavadebis da eqstrahepaturi naRvlis gzebis atreziis mqone 

pacientebis qvejgufSi. 

yovelive aRniSnulis gaTvaliswinebiT saerTaSoriso 

terminologiur konsensusze momuSave mkvlevarTa jgufis mier 

SemoTavazebulia qvemoT cxrilSi motanili klasifikacia da 

terminebi.  

standartizebuli terminologiuri sistema xelsayrelia adamianis 

RviZlis axali, Tanamedrove kvlevebisaTvis. is aseve met sicxades 

Seitans momavali eqsperimentuli kvlevebis sworad gaazrebaSic. 
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histologiuri konsensus-terminologia Sesabamisi Zveli terminebis 

ganmartebebiT  

(motanilia Roskams –isa da TanaavtorTa mixedviT – Roskams, et al., 2004) 

 

 Tanamedrove 

terminologia 

ganmarteba xmarebidan  

amoRebuli 
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RviZli 

heringis arxi 
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uzrunvelyofs 

fiziologiur kavSirs 

hepatocitebs Soris 

arsebul naRvlis 

kapilarebsa da naRvlis 

sadinarebs Soris. 

nawilobriv gamofenilia 

hepatocitebiT da 

nawilobriv _ qolangio-

citebiT (da ara inter-

mediuli ujredebiT, 

romlebic normul 

RviZlSi ar vlindeba). 

 

 

akavSirebs heringis arxs 

interlobulur naRvlis 

sadinarTan. mTlianad 

gamofenilia qolangioci-

tebiT, SesaZloa saTaves 

iRebdes portuli 

traqtis stromis 

kidesTan, an kveTdes 

„mosazRvre firfitas“; am 

SemTxvevaSi mas SeiZleba 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  41



 

 

gaaCndes rogorc 

„intralobuluri“, aseve 

„intraportuli“ 

segmentebi 

 

 organzomile-

biani qsovilis 

anaTalSi 

„izolirebuli“ 

qolangiocitebi 

an progenitori 

ujredebi 

TiTqmis yovelTvis es 

ujredebi warmoadgens 

herinigis arxis da 

intralobuluri naRvlis 

duqtulis  ganiv Wrils, 

ris gamoc ar aris 

aucilebeli maTi 

“izolirebulad” 

gamovlena. maTi zusti 

gansazRvris mizniT 

saWiroa imunologiuri 

markerebis gamoyeneba 

(CK19+, CK7 +, NCAM +). 

maTi roli da funqcia 

jer kidev Sesaswavlia 

(„qolangiocitebi“ Tu 

„Rerovani („progenitori“ 

ujredebi), Tumca isini 

erTmniSvnelovnad 

mravalfunqciuri 

ujredebia. 

ovaluri 

ujredebi 

 

 

ovaluris-

msgavsi 

ujredebi 

 

 

Rerovani 

ujredebi 

 

daavadebu-

li RviZli 

 

duqtuluri 

reaqcia 

 

duqtuluri fenotipis 

matarebeli reaqcia, 

romelic SesaZloa iyos 

duqtuluri genezis, an 

sxva warmomavlobis, 

 

„tipiuri“ an 

„atipiuri“ 

duqtuluri 

prolifera-

cia; 
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vlindeba RviZlis mwvave 

da qronikuli daavadebe-

bis dros. am movlenis 

aRmocenebis wyaros 

SesaZloa warmoadgendes: 

1) qolangiocitebis 

proliferacia;  

2) Rerovani ujredebi 

(adgilobrivi da/an 

mocirkulire, savarau-

dod Zvlis tvinidan);  

3) iSviaTad hepatocite-

bis metaplazia 

qolangiocitebad. 

 

nawilobrivi 

biliuri 

nekrozi; 

 

ovaluri 

ujredebi; 

 

ovaluris-

msgavsi 

ujredebi 

  

intermediuli 

hepatobiliuri 

ujredebi 

D 

duqtuluri reaqciis 

Semadgeneli ujredebi, 

romlebic morfologi-

urad an fenotipurad 

ikavebs Sualedur 

adgils hepatocitebsa da 

qolangiocitebs Soris:  

> 6 mikronze da < 40 

mikronze, gaaCnia ormagi 

maxasiaTeblebi 

(imunofenotipurad an 

eleqtronul-mikroskopu-

lad) 

 

duqtuluri 

prolifera-

cia 

 

nawilobrivi 

biliaruli 

nekrozi 

 

ovaluri 

ujredebi 

 

ovaluris-

msgavsi 

ujredebi 

 

SeniSvna: adamianis RviZlis izolirebuli qolangiocitebi/Rerovani 
ujredebi, duqtuluri reaqcia da intermediuli hepatobiliuri 
ujredebi warmoadgens mRrRnelebSi ovaluri ujredebis da ovaluri 
ujredebis reaqciis eqvivalents.  
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miuxedavad yovelive zemoaRniSnulisa gamosakvlevi sakiTxi kvlav 

bevria. kidev ufro dasaxvewia heringis arxis da duqtulebis Sesaxeb 

codna. Rrmad Seswavlas saWiroebs RviZlis mikrovaskuluri 

struqtura da misi kavSiri duqtulur struqturebTan. 

mravalricxovani kvlevebis miuxedavad, kvlav fragmentulia codna 

duqtulebis mimdebare matriqsis, heringis arxebis da duqtuluri 

reaqciis Sesaxeb.  bolomde gamoukvlevelia, duqtulebis epiTeluri 

komponentis, hepatocitebis, Rerovani da sxva ujredebisa da anTebis 

urTierTqmedebis meqanizmebi (Crawford, Boyer, 1998; Lamireau et al., 1999; Gouw 

et al., 2001 ; Desmet, 2011); 
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masala da meTodebi 

 

eqsperimentuli modelebi 

 

1. naRvlis saerTo sadinaris okluziiT naRvlis Segubebis 

modelireba 

naRvlis saerTo sadinaris gadakvanZva ganxorcielda  20 kviris 

asakis Fisher-is mamr virTagvebze. operaciamde 1 kviris ganmavlobaSi 

yvela virTagva imyofeboda kontrolirebad pirobebSi, sakvebTan da 

wyalTan standartuli daSvebiT. 

naRvlis saerTo sadinaris gadakvanZva ganxorcielda 

standartulad, Lee –is meTodis adre aRwerili modifikaciiT 

(Kordzaia, 1990), eTeris narkozis gamoyenebiT. zogadi narkozis 

pirobebSi TeTr xazze ganakveTiT ixsneboda virTagvebis peritoneumis 

Rru. peritoneumis im naoWis or furcels Soris, romelic 

gadaWimulia RviZlis karsa da wvrili nawlavis sawyis segments 

Soris, moiZebneboda naRvlis saerTo sadinari (nss) da 

gadaikvanZeboda. (sur #1) 

             

        

 

 

 

 

 

 

 

 

 

sur.#1. virTagvis naRvlis saerTo sadinari gadakvanZulia. 
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muclis Rru (peritoneumis RrusTan erToblivad) ixureboda yrud, 

kvanZovani nakerebiT. 

virTagvebis cdidan gamoyvana xdeboda nsso-dan me-3, me-6, me-12 da 

24-e saaTze eTeris gaRrmavebuli narkoziT. eqsperimentis 

adekvaturoba dasturdeboda gaganierebuli naRvlis sadinaris 

arsebobiT. (sur. #2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. #2. gaganierebuli naRvlis sadinari misi gadakvanZvidan 24 

saaTis Semdeg 

 

TiToeul dasaxelebul vadaze sakvlev jgufs Seadgenda 6 

virTagva. ikveTeboda RviZli, romlis nawilic  Semdgomi kvlevebis 

specifikis gaTvaliswinebiT iyineboda -80ºC temperaturaze, kidev 

nawili - Txevadi azotis meSveobiT, nawili ki fiqsirdeboda 10%-ian 

buferul formalinis xsnarSi (damzadebuli fosfaturi buferze - Ph 

7,2-7,3). 

12 virTagvaze Sesrulda e.w. cru operacia: peritoneumis Rrus 

gaxsnisa da naRvlis saerTo sadinaris gamoyofis Semdeg ar moxda 

misi gadakvanZva. TiToeul zemoaRniSnul vadaze gamokvleul iqna or-

ori virTagva, xolo operaciidan 24 saaTis Semdeg 6 virTagva.   
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gamoyenebuli virTagvebis raodenoba miCneul iqna minimalur 

raodenobad statistikuri monacemebis adeqvaturi gaanalizebisaTvis. 

 

histologia da imunohistoqimia 

10%-ian buferul formalinSi dafiqsirebuli/da an gayinuli RviZlis 

qsovilis 4-5 mikronis sisqis anaTlebi Seswavlil iqna standartuli 

mimoxilviTi histologiuri (hematoqsilin-eoziniT SeRebili) da 

imunohistoqimiuri meTodebiT, qvemoT aRwerili protokolis 

Sesabamisad: 

imunohistoqimiuri gamokvlevisTvis gamoyenebul iqna 3 

monoklonuri antisxeuli: AE1/AE3 (Mouse monoclonal [AE1+AE3] to pan 

Cytokeratin, prediluted (abcam(ab961)), OV-6 (R&D Systems; Catalog Number: 

MAB2020)  da Ki-67 (abcam(ab16667)).  

AE1/AE3  warmoadgens antisxeulebis koqteils, romelic 

moniSnavs mJava da fuZe citokeratinebs. Gigi gamoiyeneba TiTqmis 

yvela tipis epiTeluri ujredebis amosacnobad. mJava citokeratinebis 

molekuluri wonaa 56,5, 55, 51, 50, 48, 46, 45 da 40 kdaltoni (kDa). fuZe 

citokeratinebis molekuluri wonaa 65-67, 64, 59, 58, 56 da 52 kdaltoni 

(kDa). 

parafinis anaTlebze imunohistoqimiuri reaqciis 

warmarTvisaTvis AE1/AE3  ganzaveba cdaze damokidebulia. parafinze 

reaqciis dawyebamde saWiroebs antigenis aRdgenas. antigenis 

eqspresiis gamovlena citoplazmuria. 

relevanturoba: citokeratinebis jgufi Sedgeba sul mcire 29 

sxvadasxva proteinisgan da vlindeba epiTelur da triqocitur 

ujredebze. citokeratinebi 1, 4, 5, 6 da 8 miekuTvneba II qvetips 

(neitraluri da fuZemde). M 

monoklonuri anticitokeratinebi  warmoadgens epiTeluri 

diferenciaciis specifiur markers da farTod gamoiyeneba 

simsivneebis identifikaciasa da klasifikaciaSi. Mmonoklonuri anti-

pancitokeratinebi (koqteili) farTo speqtris reagentebia, romlebic 

moniSnavs epiTeluri qsovilis sxvadasxva epitopebs. is monawileobs 

normuli, metaplaziuri da neoplaziuri ujredebis fenotipirebaSi. 

  47



sxvadasxva komponentebs Soris sinergiuli urTierTqmedeba 

ganapirobebs SeRebvis gaZlierebas, rac uzrunvelyofs iseTi 

ujredebis SeRebvasac ki, romlebic SeiRebeboda mxolod 

marginalurad.  

mocemuli AE1/AE3 izotipia IgG1. gamoSvebis forma _xsnari. 

 

AE1/AE3 imunohistoqimiuri reaqcia parafinis anaTlebze: 

1. parafinis blokis deparafinizacia da rehidratacia 

2. fiqsacia 4%-ian paraformaldehidSi 10 wT. 

3. garecxva PBS + tritoni 2X2 wT. 

4. araendogenuri peroqsidazas bloki PBS + 5 %-iani kurdRlis 

Srati, 0,1 %-iani triton X-100 da  1 %-iani BSA 45 wT-is ganmavlobaSi, 

oTaxis temperaturaze.  

5. garecxva PBS + tritoni. 

6. pirvelad antisxeulTan AE1/AE3 (Mouse monoclonal [AE1+AE3] to pan 

Cytokeratin, prediluted (abcam(ab961)) inkubacia 18 sT ganmavlobaSi 40C  

temperaturaze -. 

7. garecxva PBS + tritoni. 

8. meorad antisxeulTan inkubacia 1 sT-is ganmavlobaSi oTaxis 

temperaturaze, sibneleSi. Mmeorad antisxeulad gamoyenebulia (Rabbit 

Serum 1:600 (abcam)). 

9. garecxva PBS + tritoni. 

10. ABC-peroqsidazis xsnari 30wT-is ganmavlobaSi. 

11. garecxva PBS + tritoni. 

12. antigen-antisxeulis SekavSirebis vizualizacia DAB 

qromogeniT (diaminobenzidiniT). Kkontrastuli SeRebva Harris 

hematoqsiliniT 30 wm. 

13. garecxva gamdinare wyalSi 2-5 wT. 

14. dehidratacia 95 %-ian eTanolSi 1 wT-is ganmavlobaSi, 100%-

ian eTanolSi 2X3 wT-is ganmavlobaSi. 

15. qsiloli 2X5 wT. 

16. maunTingi. 
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AE1/AE3 imunohistoqimiuri reaqcia gamyinav anaTlebze: 

1. fiqsacia 4%-ian paraformaldehidSi 10 wT. 

2. garecxva PBS (fosfatis buferuli xsnari) 5 wT. 

3. inkubacia kurdRlis SratSi 30wT. 

4. pirvelad antisxeulTan AE1/AE3 (Mouse monoclonal [AE1+AE3] to pan 

Cytokeratin, prediluted (abcam(ab961)) inkubacia 18 sT, 40 C temperaturaze  

5. garecxva PBS‐Si 3X5 wT. 

6. meorad antisxeulTan (Rabbit Serum (abcam)) inkubacia 1 sT, 1:600.  

7. garecxva PBS-Si.  

8. dehidratacia.  

9. maunTingi. 

 

samive antisxeulze (AE1/AE3, OV-6 da Ki-67) uaryofiTi kontrolis 

saxiT gamoyenebul iqna igive qsovilis standartuli meTodikiT 

SeRebva, garda pirveladi antisxeulisa. es ukanaskneli Canacvlebul 

iqna normaluri SratiT. 

 G 

gamyinavi anaTlebis momzadeba: 

Q1. qsovilis naWers vaTavsebdiT meTilbuTanSi da yinulis 

naWrebSi. gayinuli blokebi inaxeboda -800 C temperaturaze. 

2. gayinuli blokebi iWreboda 5 μm-is sisqis anaTlebad -140 C 

temperaturaze da fiqsirdeboda JelatiniT dafarul korpis naWrebze. 

xanmokle SenaxvisaTvis blokebi Tavsdeboda  -200 C temperaturaze. 

3. SeRebvamde anaTlebi 30-60 wT-iT movaTavseT oTaxis 

temperaturaze da davafiqsireT acetonSi 5-10 wT-iT. Hhaerze gaSroba 

30-60 wT. 

4. garecxva PBS‐Si standartuli SeRebvis dawyebamde. 

 

OV-6  antigeni gamoiyeneboda ovaluri ujredebis da RviZlis 

Rerovani ujredebis saidentifikaciod (romelTac aqvT unari 

diferencirdnen sxvadasxva saxis ujredebad). 
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specifiuroba: OV-6  antisxeuli gamoiyeneba adamianis da 

virTagvas OV-6 antigenis gamosavlenad imunohistoqimuri da gamdinare 

citometriuli kvlevisTvis. 

imunohistoqimiur kvlevaSi es antisxeuli koncentraciiT 10μg/mL 

gamoavlens OV-6  antigens Rerovani ujredebidan warmoqmnil 

endodermul ujredebze  

Ig klasi: mouse IgG1. 

 

imunohistoqimiuri reaqciis meTodika  

OV-6 antisxeuli parafinis anaTlebze: 

1. parafinis blokis deparafinizacia da rehidratacia. 

2. fiqsacia 4%-ian paraformaldehidSi 10 wT. 

3. garecxva PBS + 0,1 %  -iani BSA. 

4. araendogenuri peroqsidazas bloki PBS + 5 %‐iani Txis Srati, 0,1 

%‐iani triton X-100 da 1 %‐iani BSA 45 wT-is ganmavlobaSi, oTaxis 

temperaturaze. 

5. garecxva PBS + 0,1 %‐iani BSA. 

6. pirvelad antisxeulTan (OV-6 (R&D Systems; Catalog Number: MAB2020) 

inkubacia mTeli Ramis ganmavlobaSi 40 C temperaturaze  1:10. 

7. garecxva PBS +0,1 %‐iani BSA. 

8. meorad antisxeulTan (Goat Serum (ab7481)) inkubacia 60 wT-is 

ganmavlobaSi oTaxis temperaturaze, sibneleSi.  

9. garecxva PBS + 0,1 %‐iani BSA. 

10. antigen-antisxeulis SekavSirebis vizualizacia DAB 

qromogeniT (diaminobenzidiniT). K 

11. kontrastuli SeRebva Harris hematoqsiliniT 30 wm. 

12. maunTingi. 

 

OV-6 antisxeuli (gamyinav anaTlebze): 

1. fiqsacia 4 %-ian paraformaldehidSi 10 wT. 

2. garecxva PBS 5 wT.  

3. inkubacia Txis SratSi 30 wT. 
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4. pirvelad antisxeulTan inkubacia 18 sT. 40 C temperaturaze OV-6 

(R&D Systems; Catalog Number: MAB2020)  1:10. 

5. garecxva 3X5wT, PBS‐Si. 

6. meorad antisxeulTan (Goat Serum (ab7481)) inkubacia 1 sT, 1:600  

7. garecxva PBS‐Si. 

8. dehidratacia.  

9. maunTingi. 

 

Ki67 antibody [SP6] – proliferaciis markeri (ab16667). 

relevanturoba: Ki-67  antigeni ujredis ciklTan dakavSirebuli 

birTvuli proteinis prototipia, romelic eqspresirebs 

moproliferacie ujredebSi ujredis ciklis yvela fazaSi: G1, S, G2 da 

M.  mosvenebul ujredebSi (G0) Ki-67 antigeni ar vlindeba. Ki-67 

antisxeuli gamoiyeneba simsivnur procesebSi ujredebis 

proliferaciuli aqtivobis dasadgenad. simsivnur qsovilebSi Ki-67 

indeqsi prognozulad utoldeba TimidiniT moniSvnis indeqss. 

arsebobs mkacri korelacia dabal Ki-67 indeqssa da 

histopaTologiurad Low Grade simsivneebs Soris. Ki-67 rutinulad 

gamoiyeneba ujredis ciklisa da proliferaciis neironul markerad. 

eqspresiis gamovlena: birTvuli. 

ganzaveba: imunohistoqimia parafinis anaTlebze IHC-P: 1/100. 

gamyinav anaTlebze IHC-Fr: 1/1000. 

 

imunohistoqimiuri reaqciis meTodika: 

Ki-67 antisxeuli (parafinis anaTlebze): 

1.  parafinis blokis deparafinizacia da rehidratacia. 

2. fiqsacia 4%-ian paraformaldehidSi 10 wT. 

3.   garecxva PBS + tritoni. 

4. araendogenuri peroqsidazas bloki 2 sT-is ganmavlobaSi 220  C 

temperaturaze 5 %-ian BSA–Tan. 

5. garecxva PBS + tritoni. 

  51



6. pirvelad antisxeulTan (Ki-67 ab16667)inkubacia, PBS-T + 1% BSA,  

18 sT-is ganmavlobaSi  40 C temperaturaze, 1:500 

7. garecxva PBS + tritoni. 

8. meorad antisxeulTan (Rabbit Serum (abcam)) inkubacia 1 sT-is 

ganmavlobaSi oTaxis temperaturaze.  

9. garecxva PBS + tritoni. 

10. antigen-antisxeulis SekavSirebis vizualizacia DAB 

qromogeniT (diaminobenzidiniT). kontrastuli SeRebva Harris 

hematoqsiliniT 30 wm. 

11. maunTingi. 

 

Ki-67 antisxeuli (gamyinav anaTlebze): 

1. fiqsacia 4 %-ian paraformaldehidSi 10 wT. 

  2. garecxva PBS, 5 wT. 

  3. inkubacia kurdRlis SratSi, 30 wT. 

  4. pirvelad antisxeulTan (Ki-67 ab16667; 1:500) inkubacia 18 sT. 40C 

temperaturaze.  

  5. garecxva 3X5 wT PBS-Si. 

  6. meorad antisxeulTan (Rabbit Serum (abcam)) inkubacia 1 sT, 1:600  

  7. garecxva PBS-Si.  

  8. dehidratacia.  

  9. maunTingi. 

 G 

gayinuli RviZlis nimuSebis anaTlebi momzadda kriostatul 

mikrotomze (Leica 800 Cryostat Microtome CM1800). ganxorcielda 

hematoqsiliniT. Ki67, OV6 da pan-Cytokeratin pozitiurobis raodenobrivi 

Sefaseba biliuri epiTeliumisa da hepatocitebisaTvis ganxorcielda 

cal-calke. TiToeuli nimuSidan daTvlil iqna minimum 500 hepatociti. 

Bbiliuri epiTeliumis daTvla ganxorcielda mxolod  duqtulebis 

ganivkveTebze (cross-sectional profiles). 
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naRvlis duqtulebis raodenobis Sesafaseblad viRebdiT maT 

saSualo raodenobas TiToeuli nimuSis 20 velSi, periportulad 

(farTo da mcire portuli traqtebSi) da intralobulurad. 

 

eleqtroforezi da imunoblotingi 

nsso-dan  24 sT-is Semdgom miRebuli RviZlis qsovilis nimuSebi 

gayinul iqna Txevad azotSi da swrafad homogenizda 20 mM Tris-HCl (pH 

7.4), 0.32 M sucrose Semcvel buferSi, 1 mM ethylendiamintetraacetic acid, 0.5 mM 

ethylene glycol-bis(2-aminoethylether)-N,N,N',N'-tetraacetic acid-is Semcvel 

proteaza inhibitorebis koqteilSi da dacentrifugda 1000 brunze - 10 

wuTis ganmavlobaSi.   

Semdgomi analizisaTvis gamoyenebul iqna supernatanti 

(birTvebisgan Tavisufali homogenati). 

saboloo 5%-iani koncentraciis misaRebad homogenatis fraqcias 

daemata natriumis dodacil sulfatis (SDS) koncentrirebuli xsnari. 

yvela fraqciaSi cilis koncentracia ganisazRvreboda rogorc 

meoTxedi - micro bicinchoninic acid protein assay kit (Pierce) gamoyenebiT. 30 g 

cilis Semcveli aliqvotebi gamoyenebul iqna gelTan mimarTebaSic. 

SDS-gel eleqtroforezi da Western blotting warimarTa zemoT aRwerili 

meTodikis gamoyenebiT. cilis transferis Semdeg nitrocelulozis 

membranaze xdeboda membranebis SeRebva Ponceau S solution meSveobiT, 

cilis transferis da gelis unoformuli datvirTvis 

dasadastureblad. Semdgom membranebi irecxeboda fosfaturi buferis 

xsnariT + 0.05% Tween 20, Semdgom xdeboda inkubacia xaris Sratis 

albuminSi da iRebeboda pan-citokeratinebze Mouse monoclonal [AE1+AE3]  

(dilution 1:100 Abcam, ab961). aRniSnuli antisxeuli warmoadgens mJava da 

fuZe citokeratinebis koqteils. 

standartuli imunoqimiuri gamokvlevebi mimdinareobda 

peroqsidaza-moniSnuli meoradi intisxeulebis da SuperSignal West Pico 

Chemiluminescent substrate (Pierce) gamoyenebiT. blotebi gadatanil iqna 

signalis aRqmis gasaZliereblad winaswar Sensitize (Amersham) 

dasxivebul rentgenis firebze. citokeratinebis saerTo fraqciis da 
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aseve calkeuli citokeratinebis fraqciebis Sesabamisi jaWvebis 

optikuri simkvrive gazomil iqna LabWorks 4.0 (UVP) gamoyenebiT. 

autoradiografiuli kalibracia xdeboda TiToeul gelSi 

sakontrolo jgufis virTagvebis RviZlis homogenatis  Semcveli 

oTxi standartis CarTviT. TiToeuli standarti Seicavda cilis 

saerTo raodenobis 15-60 gr-s. optikuri simkvrive ganisazRvreboda 

totaluri cilis da calkeuli citokeratinebis raodenobis 

proporciulad (ix. suraTi #26). fotoze warmodgenilia monacemebi, 

romlebic miRebulia eqsperimentuli nimuSis totaluri proteinis an 

calkeuli (individuri) citokeratinebis optikuri simkvrivis 

SefardebiT (sakontrolo an eqsperimentuli jgufis virTagvis) 

optikur simkvrivesTan, romelic imave autoradiografze kalibraciiT 

standartulad Seesabameboda totaluri proteinis 30 gr-s.  

amgvari meTodiT miRebuli monacemebi warmoadgens totaluri 

citokeratinebis an calkeuli (individuri) citokeratinebis 

“SefardebiT raodenobas” (ix. Sedegebi). Semdgom xdeboda filtrebis 

gamocalkeveba da proteinis identuri raodenobiT Sevseba 

dasturdeboda membranis aqtiniT SeRebviT (antibodies   from Santa Crus 

Biotechnology Inc). 

 

statistikuri analizi 

erTi virTagvas RviZlidan mzaddeboda erTi nimuSi. nimuSis zoma 

emyareboda adreul eqsperimentebs.  

duqtuluri profilebis (ganivkveTebis) saSualo raodenobis 

daTvla xdeboda TiToeuli nimuSis 20 mxedvelobis velSi: karis venis 

pirobiTad didi (> 50 μm) da mcire kalibris totebis (< 50 μm/) Sesabamis 

farTo da mcire portul velebSi, aseve intralobulurad. 

citokeratinebis saerTo raodenobis Sefaseba xdeboda one-way 

ANOVA-meTodiT.  

duqtuluri profilebis raodenobis, citokeratinebis saerTo 

raodenobis, aseve individualuri citokeratinebis raodenobrivi 

Sedareba xdeboda t-testis meSveobiT. citokeratinebis saerTo 
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raodenobis statistikuri analizi xorcieldeboda or faqtoriani 

(two tailed) t-testiT.  

vinaidan eqsperimentis Semdgom mkveTrad gaizarda 

imunohistoqimiuri meTodiT citokeratinebiT moniSnuli ujredebis 

ricxvi, iseve rogorc saerTo citokeratinebis raodenoba (ix. 

Sedegebi), individualuri citokeratinebis Sesafaseblad gamoyenebul 

iqna erTetapiani  t-testi (one-tailed t-test). 

cxovelTa ganawileba operaciebisa da kvlevis vadebis mixedviT 

mocemulia #1 cxrilSi  

 

 
    eqsperimentuli 

modeli nsso 

 eqsperimentis 
vada 

(sakvlevi 

jgufi) 

“cru” 

operacia 

sakontrolo 

jgufi)  

nsso-dan me-3 sT 6 2 

nsso-dan me-6 sT 6 2 

nsso-dan me-12 sT 6 2 

nsso-dan me-24 sT 6 6 

 

 

 

 

 

 

 

 

cxrili #1 
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Sedegebi 

 

histologia da imunohistoqimia 

nsso iwvevs duqtuluri profilebis raodenobis droze damokidebul 

matebas. kerZod, farTo portuli velebisaTvis - F3,23=182.94, P=0.00001; 

mcire portuli velebisaTvis - F3,23=5.60, P=0.006; xolo intralobuluri 

sivrceebisaTvis  - F3,23=48.78, P=0.0001.  

crud naoperacieb cxovelebSi statistikuri analiziT duqtuluri 

profilebis mateba ar gamovlinda arc erT dasaxelebul areSi.  

(cxrili #2). 

farTo pv mcire pv intralobuluri  
nsso 

(M ±SD) 

sakontrolo 

(M ±SD) 

nsso 

(M ±SD) 

sakontrol

o (M ±SD) 

nsso 

(M ±SD) 

sakontrolo 

(M ±SD) 

3 saaTi 4.93†‡#     

±0.23 

2.70*   ±0.07      2.40 #  ±0.17 1.38*    ±0.04     1.47 †‡#    

±0.18 

0.18*    ±0.04 

6  

saaTi 

6.52§#      

±0.16 

2.68* 

±0.04      

2.50 #    ±0.20 1.53*   ±0.04      2.62§    

±0.22      

0.18 *   ±0.04 

12  

saaTi 

6.63§#      

±0.13 

2.60*   ±0.07 2.58 #    ±0.15 1.53*    ±0.04     2.65§    

±0.25       

0.08*    ±0.04      

24  

saaTi 

6.97§†‡     

±0.13      

2.64*    ±0.23 2.76§†‡    ±0.09 1.61*     ±0.17 2.79§     

±0.20 

0.25 *   ±0.08 

M – saSualo 

SD –standartuli gadaxra 

*  - mniSvnelovani gansxvaveba Sesabamisi  BDL jgufis imave monacemebTan  (p<0.05) 
§ -   mniSvnelovani gansxvaveba 3 saaTis Semdgom monacemebTan (p<0.05) 
†  -   mniSvnelovani gansxvaveba 6 saaTis Semdgom monacemebTan (p<0.05) 
‡ -  mniSvnelovani gansxvaveba 12 saaTis Semdgom monacemebTan (p<0.05) 
# -   mniSvnelovani gansxvaveba 24 saaTis Semdgom monacemebTan (p<0.05) 

 

cxrili #2.  duqtulebis raodenoba karis venis pirobiTad didi 

(> 50 μm) da mcire kalibris totebis (< 50 μm/) Sesabamis farTo da mcire 

portul velebSi, aseve intralobulurad. 
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biliuri epiTeliocitebi da reaqtiuli duqtulebis ujredebi 

mkveTrad pozitiuri iyo CK-isa da OV-6-is mimarT kvlevis yvela vadaze, 

hepatocitebis imunohistoqimiuri profili ki icvleboda, kerZod: 

hepatocitebi CK-negatiuri iyo normulad da nsso-dan me-3 da me-6 

saaTebze. magram nsso-dan me-12 da 24-e saaTebze hepatocitebis nawili 

avlenda CK-is eqspresias. amasTanave hepatocitebi kvlevis yvela vadaze 

OV-negatiuri iyo. Ki-67 –iT SeRebvam ver gamoavlina moproliferacie 

ujredebi. (cxrili #3). 

CK Ki-67 OV-6      markeri 
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” 

norma - +  - -  - +  

nsso-dan 
me-3 saaTze 

- + + - - - - + + 

nsso-dan 
me-6 saaTze 

- + + - - - - + + 

nsso-dan 
me-12 saaTze 

+/- + + - - - - + + 

nsso-dan 
24-e saaTze 

+/- + + - - - - + + 

 

cxrili #3. imunohistoqimiuri markerebis eqspresia sxvadasxva 

ujreduli populaciebis mier – kvlevis vadebis mixedviT 

 

duqtuluri profilebis raodenobis sarwmuno momatebas yvela 

gamokvleul areSi adgili hqonda nsso-dan ukve sami saaTis Semdgom, 24 

saaTis Semdeg ki, maTi ricxvi maqsimalurs aRwevda. amasTanave, farTo 

portul velebSi da intralobulurad duqtulebis raodenoba mkveTrad 

matulobda pirveli sami saaTis ganmavlobaSi, maSin rodesac mcire 

portul velebSi es mateba TandaTanobiT xorcieldeboda (sur. #3).  
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Large
6.976.63

6.52

4.93

2.642.62.682.7
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5

3 hour 6 hour 12 hour 24 hour

BDL Sham

Small
2.76

2.58
2.52.4

1.611.531.53
1.38

1.0
1.2
1.4
1.6
1.8
2.0
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2.4
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3.0
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Intrallobular
2.792.65

2.62

1.47

0.25
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farTo pv 

mcire pv 

intralobuluri are 

nsso cru op.

nsso cru op.

nsso cru op.

3 sT       6 sT       12 sT      24 sT

3 sT       6 sT       12 sT      24 sT

3 sT       6 sT       12 sT      24 sT

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. #3.  duqtuluri profilebis raodenobis matebis dinamikis grafiki 

sakvlevi areebis da eqsperimentis vadebis mixedviT 
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axali duqtuluri profilebi SeiniSneboda yvela zomis portuli 

traqtebis midamoebSi _ farTodan umciresamde (sur. #,5,6).  

 

4 

5 6

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. #4,5,6.  4 - samkuTxa isrebiT miniSnebulia duqtuluri 

profilebi sxvadasxva zomis portul velebSi nsso-dan 6 saaTis 

Semdeg, CK, X250;  5 - samkuTxa isrebiT miniSnebulia duqtuluri 

profilebi saSualo zomis portul velSi nsso-dan 6 saaTis Semdeg, 

CK, X400;  6 - duqtuluri profilebi mcire zomis portuli velis 

mimdebared nsso-dan 6 saaTis Semdeg, H&E, X400. 

 

 

farTo da saSualo zomis portul traqtebSi duqtulebis 

mniSvnelovani raodenoba ganTavsebuli iyo ZiriTadi naRvlis 

sadinaris mopirdapire mxares _ Sesabamisi karis venis sanaTuris 

perimetris gaswvriv (sur. #7,8). 
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sur. #7,8.   duqtulebi ganlagebulia karis venis perimetrze (naRvlis 

sadinaris sawinaaRmdego mxares, X250; nsso-dan 6 saaTis Semdeg, X400, 

H&E. 
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duqtuluri reaqcia gamovlinda intralobuluradac, mosazRvre 

firfitasa da centralur venas Soris - portuli traqtidan (naRvlis 

sadinaridan) ramodenime aseuli mikronis daSorebiT. aRniSnuli 

duqtulebi lokalizebuli iyo dises sivrceebSi. sainteresoa 

aRiniSnos, rom am “neoduqtulebis” mimdebare sinusoidebi ufro 

ganieri iyo, vidre imave midamos sxva sinusoidebi (sur. #9,10,11,12,13,14).  

 

 

9

10 
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sur. #9,10.   9 - isriT moniSnulia intralobuluri duqtula; nsso-

dan 6 saaTis Semdeg, CK, X400;  10 - isriT moniSnulia intralobuluri 

duqtula; nsso-dan 6 saaTis Semdeg, X400, H&E. 

 

11 

12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. #11,12.   11 - isriT moniSnulia intralobuluri duqtula dises 

sivrceSi; nsso-dan 6 saaTis Semdeg, X400, H&E;  12 - isrebiT 
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moniSnulia intralobuluri duqtulebi dises sivrceebSi; nsso-dan 6 

saaTis Semdeg, OV-6, X400. 

 

 

 

13

14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. #13,14   13 - isrebiT moniSnulia intralobuluri duqtulebi 

dises sivrceSi; dises sivrce gaganierebulia; nsso-dan 6 saaTis 
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Semdeg, X400, H&E;  14 - isrebiT moniSnulia intralobuluri 

duqtulebi dises sivrceSi; dises sivrce gaganierebulia; nsso-dan 12 

saaTis Semdeg, CK, X400. 

 

neoduqtulebis gamomfeni ujredebi hepatocitebze mcire zomisaa, 

magram wvrili naRvlis sadinarebis gamomfen qolangiocitebze 

ramdenadme didi. xasiaTdeba ovaluri, zogjer TiTistara formis 

naTeli birTvebiT da mwiri citoplazmiT (sur. # 15,16,17,18).  

 

 

 

15 

16 
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sur. # 15,16.   15 – neoduqtulebi wilakis siRrmeSi (dises sivrceSi), 

nsso-dan 6 saaTis Semdeg, X400, H&E;  16 – neoduqtula mosazRvre 

firfitis mimdebared, nsso-dan 6 saaTis Semdeg, X400, H&E;   

zogjer isini qmnis orSrian, sincitiumis msgavs ujredebis plastebs 

(sur. # 17)  

 

 
17 

18 
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sur. # 17,18.   17 – isrebiT miniSnebulia neoduqtulebi mosazRvre 

pirfitis mimdebared, nsso-dan 6 saaTis Semdeg, X400, H&E;     18 – 

isrebiT miniSnebulia neoduqtulebi wilakis siRrmeSi nsso-dan 12 

saaTis Semdeg, X400, H&E; 

 

aRniSnuli ujredebi imunonegatiuria proliferaciuli aqtivobis 

markeris, Ki-67 mimarT, Tumca Tanabrad avlens pozitiur eqspresias 

pan-citokeratinebis da OV-6 mimarT (sur. #19,20,21,22) 

 

 

19 

20 
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sur. #19,20.   19 – isrebiT miniSnebulia CK-pozitiuri duqtulebi 

nsso-dan 12 saaTis Semdeg, X400; 20 -  isrebiT miniSnebulia OV-6–

pozitiuri duqtulebi nsso-dan 12 saaTis Semdeg, X400; 

 

21 

22
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sur. #21,22.   21 – isriT miniSnebulia CK-pozitiuri duqtula nsso-

dan 24 saaTis Semdeg, X400; 22 -  isriT miniSnebulia OV-6–pozitiuri 

duqtula nsso-dan 24 saaTis Semdeg, X400; 

nsso-is Semdgom me-3 da me-6 saaTze hepatocitebi avlendnen negatiur 

eqspresias yvela zemoT aRniSnuli markeris mimarT, magram me-12 da 24-

e saaTze hepatocitebis mniSvnelovani raodenoba dadebiT eqspresias 

avlens pan-citokeratinebis mimarT (suraTi # 23,24,25). 

 

 

23 

24 
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sur. #23,24.    23 – isriT miniSnebulia CK-pozitiuri duqtulebi 

portul velSi, samkuTxedebiT miniSnebulia CK-pozitiuri 

hepatocitebi, nsso-dan 12 saaTis Semdeg, X250;   24 -  isriT 

miniSnebulia CK-pozitiuri hepatociti, nsso-dan 12 saaTis Semdeg, 

X400; 

 

25 

 

 

 

 

 

 

 

 

 

sur. #25.    samkuTxedebiT miniSnebulia CK-pozitiuri hepatocitebi, 

nsso-dan 24 saaTis Semdeg, X250. 

 

eleqtroforezi da imunoblotingi 

nsso-dan 24 saaTis Semdeg virTagvebis RviZlis homogenatis 

fraqciebis Western blot autoradiografebze (ix. meTodebi) laqebi SeiReba 

Tagvis monoklonuri [AE1+AE3] anti pan Cytokeratin–uli (Abcam, ab961) 

antisxeulebiT. zolebis mTliani optikuri simkvrivis damokidebulebas 

CatvirTuli cilebis raodenobasTan xazovani damokidebuleba hqonda 

(ixileT kalibraciis mrudi (sur. #26).  

TiToeuli zoli miRebuli iyo erTi nimuSidan. zolebi 1-5 

warmoadgens nsso-dan 24 saaTis Semdeg aRebul  nimuSebs, zolebi 6-10 – 

crud naoperaciebi virTagvebidan aRebul nimuSebs. zolebi 11-14 

warmoadgens sakontrolo virTagvebis RviZlis ubirTvo homogenatisagan 

miRebul 4 standartul zols CatvirTuli cilebis Semdegi 

raodenobebiT: 15 , 30, 45 da 60 μg  - Sesabamisad. gelis marjvena mxares 
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isrebiT naCvenebia molekuluri wonis standartebi. gelis marcxena 

mxares isrebiT naCvenebia im citokeratinebis pozicia da molekuluri 

masa, romelTa raodenobamac sarwmunod moimata (*) (sur. #27). 

monoklonuri antisxeulebis koqteili mJava da fuZe 

citokeratinebis mimarT SeukavSirda orive jgufis (sakontrolo da 

nsso-dan 24 sT-is Semdeg) Semdegi molekuluri masis mqone proteinur 

jaWvebs: 66-68 dupleti, 65, 64, 56, 50, 44 da 40 KDa  dupleti. Tumca, 

naRvlis Segubebis mqone virTagvebSi gamovlinda kidev erTi 

damatebiTi 61 KDa molekuluri masis proteini. moniSnuli jaWvebis 

molekuluri masa Seesabameba citokeratinebis maxasiaTeblebs. 

citokeratinebis saerTo raodenobis optikuri simkvrive proporciuli 

iyo eqsperimentis Sedegad miRebuli proteinebis raodenobisa.  
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sur. #26,27   (aRweriloba ixile teqstSi, gv. 69-70)  

citokeratinebis saerTo raodenoba 

eqsperimentis Sedegad citokeratinebis saerTo raodenoba 

mniSvnelovnad icvleboda (F1,9=6.05, P=0.039). sakvlev jgufSi (nsso-dan 

24 saaTis Semdgom) saerTo citokeratinebis saSualo SefardebiTi 

moculoba 37%-iT aRemateboda sakontrolo jgufis virTagvebis 

maCvenebels  (t=2.46, P=0.044) (sur. #28).  

 

28 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur #28. 24 saaTiani eqsperimentis 2 jgufis virTagvis RviZlis mTliani 

pancitokeratinebis saSualo fardobiTi raodenoba (ix. meTodebi). 

cTomilebis xazebi gamoxatavs saSualoebis standartul cTomilebas: 1 – 

sakvlev jgufis virTagvebSi. 2 – crud naoperacieb virTagvebis jgufSi. 

jufebs Soris gasxvaveba sarwmunoa or-kudiani  t-test -iT (P=0.044). 

 

 

calkeuli (individuri) citokeratinebi 
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SDS eleqtroforezis gamoyenebiT sakvlev da sakontrolo jgufebs 

Soris Sedarda calkeuli citokeratinebis maCveneblebic. vinaidan 

dafiqsirda CK –pozitiuri RviZlis ujredebis ricxvis da 

citokeratinebis saerTo raodenobis mniSvnelovani mateba, individuri 

citokeratinebis Sesafaseblad gamoviyeneT erTfaqtoriani t-testi 

(one-tailed t-test). naRvlis Segubebis mqone virTagvebSi dafiqsirda 

Ycitokeratinebis yvela fraqciis saSualo raodenobis zrda 

sakontrolo jgufTan SedarebiT, rac zogadad miuTiTebs 

citokeratinebis raodenobriv matebaze nsso-s pirobebSi. 

gansakuTrebiT mniSvnelovani mateba dafiqsirda Semdegi molekuluri  

masis citokeratinebisaTvis: 61 KDa (t=2.15, p=0.042); 56 KDa (t=2.20, p=0.038) 

da  40 KDa (t=1.99, p=0.047) (ix. sur. #27). 
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ganxilva 

 

zogadad miCneulia, rom naRvlis sadinarebis (maTi profilebis) 

raodenobrivi mateba SesaZloa dakavSirebuli iyos:  

a) ukve arsebuli naRvlis sadinarebis proliferaciasTan; amasTan, 

moproliferacie duqtulebi inarCuneben adre arsebul naRvlis 

sadinarebTan msgavsebas;  

b) sxva ujredebis proliferaciasTan (maT Soris Rerovani 

ujredebis)  

g) sxva ujredebis qolangiocitebad an qolangiocitebis msgavs 

ujredebad transdiferenciaciasTan (magaliTad, hepatocitebis 

gardaqmniT duqtulur epiTeliocitebad). D 

duqtuluri reaqciis tipebs - “tipurs” da “atipiurs” - 

gansazRvravs yvela CamoTvlili meqanizmi, romlebic sxvadasxva 

intensivobiT viTardeba RviZlis sxvadasxva paTologiuri 

mdgomareobis dros (Tavoloni, 1987;   Yamada et al.,1987;    Nakanuma, Ohta, 

1986;   Rubin et al.,1965). metic, naCvenebia rom nsso-is eqsperimentul 

modelSic, paTologiuri mdgomareobis ganviTarebis sxvadasxva vadaze 

xdeba zemoaRniSnuli sxvadasxva meqanizmebis asimetriuli 

intensifikacia. magaliTad, mRrRnelebis RviZlSi tipuri duqtuluri 

reaqcia TvalsaCinoa nsso-dan 3-7 dRis Semdeg da ufro gvian vadebzec 

(Georgiev  et al., 2008). Cveni adreuli kvlevis Sedegebic adasturebs 

qolangiocitebis da hepatocitebis mitozebis gaaqtivebas 

qoledoqusis gadakvanZvidan me-3-4 dRes. magram amasTanave, Cvens mier 

dafiqsirebuli iyo duqtulebis (maTi profilebis) raodenobis mateba 

nsso-dan ukve  ramodenime saaTis Semdgom, rodesac RviZlSi ver 

aRmovaCineT mitozis figurebi. amJamad es daskvna gadamowmebuli iqna  
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proliferaciuli markeris Ki-67-is gamoyenebiT. nsso-dan 24 saaTis 

ganmavlobaSi Cven ver gamovavlineT Ki-67 -pozitiuri ujredebi. Ees 

faqti amyarebs mosazrebas, rom naRvlis duqtulebis raodenobis 

mateba nsso-dan me-3, me-6, me-12 da 24-e saaTebze, ar aris 

dakavSirebuli ujredebis proliferaciasTan. 

erT-erTi SesaZlo wyaro duqtuluri profilebis matebisa 

SeiZleba iyos sanaRvle lorwovani jirkvlebis (glandulae mukoze bilioze) 

sanaTurebi, romlebic ganierdeba nsso-iT gamowveuli biliuri wnevis 

matebis gamo. es debuleba rom ufro advilad gasaazrebeli gaxdes, 

prof. korZaias nebarTviT movitanT ramodenime ilustracias misi 

arqividan: 
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es ilustraciebi warmoadgens adamianis da ZaRlis RviZlSida 

naRvlis sadinarebis koroziuli preparatebis fotoebs, romlebzec 

kargad Cans sanaRvle lorwovani jirkvlebis tvifrebic (miniSnebulia 

isrebiT). 

Tumca sagulisxmoa, rom virTagvebs, gansxvavebiT adamianebisagan, 

aseve ZaRlebis, katebis, zRvis goWebis da sxva laboratoriuli 

cxovelebisagan, gaaCnia sanaRvle lorwovani jirkvlebis mcire 

raodenoba. amasTanave, maTi umetesoba ganlagebulia RviZlgareTa da 

ara RviZlSida naRvlis sadinrebze. zogadad miCneulia, rom 

lorwovani jirkvlebis raodenoba pirdapir kavSirSia naRvlis buStis 

arsebobasTan da, Sesabamisad, am jirkvlebis mukozur-bikarbonatuli 

sekretiT naRvlis buStidan gadmosrolili koncentrirebuli naRvlis 

titraciis saWiroebasTan.  

Cvens mier nsso-is Semdgom uaxloes vadebze aRmoCenili axali 

duqtuluri profilebis sanaRvle lorwovani jirkvlebis 

sanaTurebTan gaigivebas aseve naklebad sarwmunod xdis maTi 

topografia. Cven vaCveneT, rom duqtuluri profilebi ganlagebulia 

portuli venis perimetrze, naRvlis sadinarebisagan mniSvnelovani 

dacilebiT, xSirad mis sawinaaRmdego mxares. amgvarad, naklebad 

savaraudoa, rom duqtuluri reaqcia dakavSirebuli iyos sanaRvle 

lorwovani jirkvlebis sanaTuris gaganierebasTan. 
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warmodgenili suraTi Cvens mier dafiqsirebulia nsso-dan 24 

saaTis Semdeg. Tu naRvlis sadinaris (miniSnebulia TeTri 

samkuTxediT) mimdebare duqtuluri profilebi (miniSnebulia Savi 

samkuTxedebiT) kidev SeiZleba gaigivebul iqnas sanaRvle lorwovan 

jirkvlebTan, sadinaridan daSorebuli duqtuluri profilebisaTvis 

(miniSnebulia Savi isrebiT) aseTi daSveba ararealuria. 

 T. Murakami-m TanaavtorebTan erTad (2001) virTagvebis naRvlis 

gzebis koroziuli preparatebis maskanirebeli eleqtronuli 

mikroskopiT  Seswavlisas aRwera periportuli biliaruli wnuli 

(Murakami  et al., 2001).Aam wnulebSi naRvlis duqtulebi erTmaneTs 

ukavSirdeba wvrili anastomozebis meSveobiT, romlebic qmnis erTian 

badismagvar wnuls portuli venis totebis irgvliv. naRvlis 

duqtulebis es sistema qmnis ufro msxvil duqtulebs, romlebic 

portul traqtSi qmnis RviZlSida naRvlis sadinarebs.  
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a,b – karis venis toti (p), naRvlis sadinaris toti (d), 

periportuli biliuri wnuli (miniSnebulia Savi samkuTxedebiT). 

foto motanilia profesor murakamis nebarTviT. 

vfiqrobT, swored periportuli biliaruli wnuli warmoadgens im 

konstruqcias, romlis Semadgeneli duqtulebis gafarToebac 

ganapirobebs duqtulur reaqcias – periportulad “axali” 

duqtuluri profilebis gamovlenas - naRvlis Segubebidan ukve 

ramodenime saaTSi. 

Cvens mier ramodenimejer iqna dafiqsirebuli CK-pozitiuri 

konstruqcia, romelic gars exveoda karis venis totebs. vfiqrobT, 

swored ase unda gamoiyurebodes aRniSnuli periportuli biliuri 

wnuli histologiur anaTlebze; 

 

 

 

 

 

 

 

 

 

 

 

 

 

isrebiT miniSnebulia CK-pozitiuri periportuli biliuri 

duqtulebis konstruqciebi, romlebic gars exveva karis venis totebs 

 

Tumca, rogorc Cvens mier iqna naCvenebi, naRvlis duqtulebi 

nsso-dan 6 saaTSi vlindeba aseve wilakis SigniT, portuli traqtidan 

sakmaod moSorebiT. naTelia, rom periportuli biliuri wnuli ar 
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SeiZleba iyos dakavSirebuli am struqturebiTan. amdenad, isini unda 

ganvixiloT im uwvrilesi naRvlis duqtulebis, maT Soris, heringis 

arxebis ganiv- da gaswvriv Wrilebad,  romlebic, Tanaxmad 

saerTaSoriso konsensusisa, gadakveTs mosazRvre firfitas da 

vrceldeba sakmaod Sors, wilakebis siRrmeSi (Roskams, et al., 2004).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

virTagvis naRvlis gzebis koroziuli preparati, maskanirebeli 

eleqtronuli mikroskopia. BD – naRvlis sadinari, DH – heringis 

milaki, BC – naRvlis kapilarebi. foto motanilia prof. korZaias 

nebarTviT, misi piradi arqividan 

 

duqtuluri reaqciis Semadgeneli profilebi SesaZloa aseve 

warmoadgendes naRvlis sadinarebis uwvriles anastomozebs, romelic 

aRwerili iqna virTagvis naRvlis gzebis koroziuli preparatebis 

maskanirebeli eleqtronuli mikroskopiT Seswavlisas (Murakami et al., 

2001).  

ratom ar vlindeba Cvens mier nsso-dan adreul vadebze aRwerili 

duqtuluri profilebi sakontrolo jgufis virTagvebSi? 
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miCneulia, rom normulad, naRvlis normuli wnevis pirobebSi 

intralobuluri naRvlis duqtulebis da heringis arxebis diametri 

imdenad mcirea, rom sinaTlis mikroskopiT maTi vizualizacia Zalian 

iSviaTad xerxdeba (Roskams, et al., 2004) 

duqtulebis gamoCena intralobulurad SesaZloa aixsnas biliuri 

hipertenziiT, rac iwvevs naRvlis sadinarebis sistemis gaganierebas 

da maT “gamomJRavnebas”. aRniSnuli “neoduqtulebi” lokalizebulia 

disses sivrceebSi, rac adasturebs am mosazrebas, vinaidan 

perisinusoiduri sivrce erTaderTi SesaZlo adgilia, sadac 

SesaZlebelia naRvlis duqtulebisa da heringis arxebis, anda 

uwvrilesi biliuri anastomozebis ganTavseba.  uwvrilesi 

duqtulebis amgvari lokalizaciiT da naRvlis Segubebis dros maTi 

gaganierebiTa da, Sedegad gamowveuli sinusoidebis kompresiiT 

SeiZleba aixsnas Cvens mier zemoT aRwerili sinusoiduri kapilarebis 

gaganiereba (rasac upiratesad adgili unda hqondes kompresiis 

midamoebis proqsimalur segmentebSi) (ix. sur. #13,14,19).  

profesor Salva ToiZisa da misi mowafeebis mier RviZlis 

milovani struqturebis sistemuri kvlevis Sedegad miCneulia, rom 

karis venis, naRvlis sadinarisa da RviZlis arteriis datotianebisas 

wvrili totebis gamoyofis (sadinaris SemTxvevaSi ki – CarTvis) 

kuTxeebi gansxvavebulia. kerZod, RviZlis arteriisa da naRvlis 

sadinaris RviZlSida monakveTebis wvrili gantotebebi ufro maxvili 

kuTxiT gamoeyofian an ukavSirdebian Sesabamis totebs, vidre karis 

venis gantotebebi. aseve savaraudoa (da es iribad dasturdeba 

RviZlis milovani struqturebis koroziuli preparatebis 

maskanirebeli eleqtronuli mikroskopiT gamokvlevis Sedegebis 

gaanalizebiT – Motta, et al., 1978, Kordzaia, 1990), rom yvelaze wvrili 

portuli venebidan sinusoidebis ganStoebebis kuTxeebi gansxvavdeba 

interlobulur naRvlis sadinarebTan  uwvrilesi duqtulebis 

CarTvis kuTxisgan.  

qvemoT mogvyavs Cvens mier Seqmnili sqematuri suraTi, romelic 

warmoadgens aRniSnuli debulebis ilustracias.  
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aRniSnuli sqema kargad uCvenebs intralobulurad aRmoCenili 

duqtuluri profilebis kavSirs interlobulur naRvlis 

sadinarebTan. aseve TvalsaCino xdeba, rom nsso-is Semdeg 

ganviTarebuli biliuri hipertenziis gamo gaganierebul 

intralobulur duqtulebs (maT Soris, heringis milakebs) 

“SesaZlebloba aqvT” moaxdinon mimdebare sinusoidebis kompresia  

mocemuli ubnebis proqsimalurad maTi sanaTurebis gaganierebiT. 
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sqema:  kv – karis vena,  ns – naRvlis sad

 

 

inari, 1 – periportuli 

biliuri wnuli, 2 – naRvlis duqtulis intraportuli segmenti, 3 –

naRvlis duqtulis intralobuluri segmenti,  4 – h

 

 

eringis duqtula, 

5 - sisxlis sinusoiduri kapilari,    - mosazRvre firfitis 

saproeqcio xazi,     - duqtuluri profilebi 

 

 

aRsaniSnavia, rom naRvlis duqtulebis gaganierebis paralelurad 

viTardeba maTi gamomfeni epiTeliocitebis hipertrofiac. 
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“neoduqtulebis” Semadgeneli ujredebi xasiaTdeba naTeli, ovaluri, 

zogjer TiTistara formis birTvebiT da mwiri citoplazmiT. isini 

ufro didia, vidre normuli  duqtulebis gamomfeni kuburi 

epiTeliumis ujredebi da ufro mcire – vidre  hepatocitebi. maRali 

birTvul-citoplazmuri indeqsi, birTvebis naTeli feri da 

“agregaciuli” ganlageba adasturebs am ujredebis maRal 

reaqciulobasa da umwifrobas. sakontrolo jgufTan SedarebiT 

aRniSnul ujredTa zomaSi mateba (rogorc aRiniSna, sakontrolo 

jgufSi maTi aRmoCena ver xerxdeba mcire zomebis gamo) miuTiTebs, 

rom biliuri hipertenzia da misi Tanmxlebi multiprofiluri 

meqanizmebi nsso-dan ukve ramodenime saaTSi iwvevs ujredebis 

transformaciis iniciacias. 

Cveni kvlevis monacemebiT aseve dasturdeba hepatocitebis 

garkveuli nawilis transformacia nsso-dan  12 da 24 sT-is Semdeg.  

es ujredebi icvlis citokeratin-negatiur profils da avlens 

pozitiur eqspresias pan-citokeratinuli markeris mimarT. 

aRniSnul mosazrebas adasturebs imunoblotingis Sedegebic. 

nsso-dan 24 sT-is Semdeg gamovlinda saerTo citokeratinebis 

raodenobis sagZnobi mateba (37%-mde). saerTo citokeratinebis aseTi 

mateba ar SeiZleba aixsnas mxolod “duqtuluri reaqciiT”. vfiqrobT, 

axlad sinTezirebuli citokeratinebis ZiriTad wyaros unda 

warmoadgendes hepatocitebi. individuri citokeratinebis 

imunoreaqciulobis gaanalizebam cxadyo, rom maT Soris yvelaze 

mniSvnelovnad gaizarda CK7 (56 KDa) da CK19 (40 KDa) raodenoba. CK7 

cnobilia rogorc RviZlis Rerovani ujeredebis markeri da misi 

eqspresia vlindeba rogorc ovalur ujredebSi, aseve 

qolangiocitebSi. magram RviZlis sxvadasxva paTologiuri 

mdgomareobebis dros is aseve SeiZleba gamovlindes hepatocitebSic 

(Libbrecht, 2000).  

Cvens eqsperimentSi CK7 mniSvnelovani raodenobrivi mateba 

dakavSirebuli unda iyos swored hepatocitebTan. Cvens masalaze 

dadasturebulia hepatocitebis mier CK markeris eqspresia, amasTanave 
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ar aRiniSneba OV-6-pozitiuri (ovaluri ujredebis) ricxvis mateba, 

rac gamoricxavs Cvens mier Sedegebis SecdomiT interpretacias.  

literaturul wyaroTa mimoxilvisas Cven gavarCieT mravali 

monacemi hepatocitebis duqtuluri transdiferenciaciis Sesaxeb. 

Cveni monacemebi ki miuTiTebs, rom aseTive duqtuluri 

transdiferenciacia SeiZleba iwyebodes nsso-is adreul vadebzeve. 

amis damatebiTi argumenti (Tumca iribi) SeiZleba iyos isic, rom 

Cvens eqsperimentebSi nsso-dan 24 sT-is Semdeg sagrZnoblad moimata 

CK19-is raodenobamac. normaSi misi dadebiTi eqspresia aRiniSneba 

mxolod biliur epiTeliumsa da ovalur ujredebSi. amasTanave, misi 

eqspresia naCvenebia sxvadasxva eqsperimentul modelebSi da RviZlis 

paTologiebis drosac, maT Soris (da rac CvenTvis gansakuTrebiT 

sayuradReboa), hepatocitebis transdiferenciaciis procesSic. 

amdenad, Cveni eqsperimentis Sedegebi adasturebs hipoTezas, rom 

nsso xels uwyobs hepatocitebis duqtulur transdiferenciacias 

biliuri epiTeliocitebis mimarTulebiT. aRniSnuli meqanizmiT xsnian 

RviZlis parenqimis sxvadasxva paTologiis dros ganviTarebuli 

atipiuri duqtuluri reaqciis paTogenezs.  

amasTanave, hepatocitebis transdiferenciaciis iniciacias 

naRvlis Segubebis ase adreul vadebze, rogorc es Cven vaCveneT, 

literaturaSi analogi ar moeZebneba.  
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daskvnebi 

 

duqtuluri reaqcia iwyeba nsso-dan  ramodenime saaTSi;  

is warmoadgens uwvrilesi naRvlis sadinrebis - sanaRvle 

duqtulebis, heringis arxebis da periportuli biliuri wnulis 

gaganierebis da ara naRvlis sadinrebis (da maTi gamomfeni epiTeluri 

ujredebis) proliferaciis Sedegs; 

nsso-s adreuli vadebidanve Tan sdevs biliaruli epiTeliumis 

ujredebis formis da zomis cvlileba da hepatocitebis mier 

citokeratinuli profilis Secvla, rac maTi duqtuluri 

transformaciis iniciacias warmoadgens; 

nsso Semdgomi duqtuluri reaqcia warmoadgens TandaTanobiT 

ganviTarebad da multikomponentul fenomens, romlis srulad 

SecnobisaTvis saWiroa procesebis uwyveti dinamikiT gamokvleva 

naRvlis Segubebis dawyebisTanave. 
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naSromis SesrulebaSi gaweuli didi daxmarebisaTvis 

madlobas vuxdi medicinis doqtors, mixeil jangavaZes, 

biologiur mecnierebaTa doqtors, profesor revaz 

solomonias, medicinis doqtors eka beriSvils da oTar 

filiSvils  
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INTRODUCTION 

 

Ductular reaction (DR) is well-known phenomenon in many acute and chronic human 

liver diseases as well as in different experimental conditions in rodents (Desmet, 1992, Desmet, 

2011, Liu, et al., 1998, Roskams, et al., 2003). Histologically DR is expressed by increase 

amount of ductular profiles associated  with predominant infiltration of neutrophils and 

mononuclear cells and growing fibrosis (Dutra, et al., 2008). 

Ligation-induced extrahepatic bile duct obstruction represents well-established in vivo 

model used for the study of cholangiocyte proliferation and liver fibrosis. The proliferative 

response of cholangiocytes during cholestasis is regulated by the complex interaction of several 

factors, including gastrointestinal and neuroendocrine hormones as well as autocrine or paracrine 

signalling mechanisms (Alpini, et al., 2002, Glaser, et al., 2009, Glaser, et al., 2010, Mancinelli, 
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et al., 2009). Activation of biliary proliferation is thought to play a key role in the initiation and 

progression of liver fibrosis (Glaser, et al., 2009). Three main types of DR have been described: 

“typical”, “atypical” and “oval cell proliferation”(Desmet, et al., 1995, Priester, et al., 2010). It is 

well-established that the typical DR develops during acute severe biliary obstruction in humans 

and in common bile duct ligated (BDL) rats. The new ductules are well formed, have clearly 

defined lumina and are confined to portal tracts (Nakano, et al., 1995). It is considered that 

newly developed ductules are originating from the preexisted biliary ductules and reveal their 

structural and functional characteristics (Slott, et al., 1990). The amount of newly developed bile 

ductules, which are similar to normal bile ducts, is increasing in time-depended manner after 

BDL (Dirlik, et al., 2009).  

According to several studies the appearance of new ductules is evident on the second or 

third days after BDL and is associated with increase mitotic activities of biliary epithelia (Burt 

and MacSween, 1993, Demetris, et al., 1999, Lee, et al., 1981, Marucci, et al., 1993, Shibayama, 

1990). It has been demonstrated that proliferated biliary epithelial cells can give origin to 

ductules (“newductules”) even in vitro. Moreover, new ductiles form abundant networks, similar 

to those in vivo (Hashimoto, et al., 2008).  Initially, ductular proliferation appears in the 

periportal areas and then gradually advances intralobulary.. At 4 weeks after the ligation 

distorted configuration of the hepatic parenchyma with interconnecting stroma rich of irregular 

ductules is developed (Nakano, et al., 1995). It is considered that DR is more evident at one 

week after biliary obstruction (Glaser, et al., 2010, Priester, et al., 2010). However, we have 

previously demonstrated that increased amount of ductular profiles in the liver of BDL rats is 

evident already at several hours after biliary obstruction (Aslamazishvili, et al., 2007). The origin 

of “new” bile duct profiles and mechanisms, which can be involved in such early DR, is 

currently unknown, and needs to be elucidated. It is conceivable that early DR after BDL is not 

related to mitotic activity of existing biliary epithelia and bile ductules proliferation. The new 

ductular profiles possibly but not necessarily might be of ductular origin: they may originate 

from progenitor cells (local and/or circulating cells, most likely bone marrow-derived) or from 

the biliary metaplasia of hepatocytes (Desmet, 2011, Kubota, et al., 2008). 

The aim of this study was to characterize early (within 24 hours) ductular reaction 

observed in the rats  in response to biliary obstruction (Aslamazishvili, et al., 2007, 

Azmaiparashvili, et al., 2009). 
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MATERIALS AND METHODS 

 

Animals and Experimantal Protocol 

Inbred male Lewis rats were obtained from Charles River Deutschland (Sulzfeld, 

Germany). All animal studies were performed at the Alexandre Natishvili Institute of 

Morphology. Experimental protocols and use of animals were approved by the Institutional 

Animal Care Committee. Male Lewis rats (n=36) weighting 250-300 g were subjected to 

common bile duct ligation (n=24) or sham operation (controls, n= 12) under ethyl-ether narcosis. 

A midline laparotomy was performed, and the common bile duct was ligated twice with a 3-0 

silk suture and then cut between the ligatures. Sham-operated animals went through an identical 

laparotomy and liver manipulation without bile duct ligation. The animals were killed on 3, 6, 12 

and 24 hours after BDL (6 animals in each group); part of the dissected liver samples (median 

lobe) were frozen at -80ºC for immunohistochemistry and part fixed in 10% neutral buffered 

formalin, embedded in paraffin and used for routine histological examination.  

Separate experiments were designed for cytokeratine immunoblotting analyses. In total 

10 animals (5 BDL – for 24 hours and 5 shame operated) were used. BDL was performed using 

same technique as described above. After 24 hours animals were killed and liver tissue (median 

lobe) was frozen at -80ºC. The number of used animals was estimated to be the minimum 

required for adequate statistical analysis.  

  

Histology and immunohistochemistry 

Liver sections of 5 μm thickness were stained with hematoxylin and eosin. Fixed in 10% 

neutral formalin and/or frozen liver samples undergone the standard histological (Hematoxilin-

eosin stained slides) and immunohistochemical investigations. Frozen liver samples were 

sectioned on cryostate microtome (Leica 800 Cryostat Microtome CM1800) and immunostained 

for Ki67 (1:150) (ab16667, Abcam plc, Cambridge, UK), pan-Cytokeratin antibody [AE1+AE3]  

(neat) (ab961, Abcam, plc, Cambridge, UK) and OV-6 (1:100)  (MAB2020 R&D Systems, Inc) 

using appropriate protocols provided by antibody suppliers. Sections were counterstained with 

haematoxilin.  

The average number of ductular profiles in cross-sectional areas were calculated in 20 

appropriate fields for each sample: a) in portal areas surrounding large (> 50 μm) branches of 

portal vein; b) in portal areas surrounding small (< 50 μm/) branches of portal vein; c)  

intralobulary (outside of portal areas).  

  110



 

Electrophoresis and immunoblotting 

The liver tissues collected 24 h after BDL were frozen in liquid nitrogen and rapidly 

homogenized in  buffer composed of 20 mM Tris-HCl (pH 7.4), 0.32 M sucrose, 1 mM 

ethylendiamintetraacetic acid, 0.5 mM ethylene glycol-bis(2-aminoethylether)-N,N,N',N'-

tetraacetic acid  containing cocktail of protease inhibitors and centrifuged at 1000 g for 10 min. 

The supernatant (nuclear-free homogenate) was used in subsequent analysis.  

A concentrated solution of sodium dodecyl sulphate (SDS) was added to the homogenate 

fraction to give a final concentration of 5%.  In all fractions, protein concentration was 

determined in quadruplicate using a micro bicinchoninic acid protein assay kit (Pierce). Aliquots 

containing 30 μg of protein and of equal volume were applied to the gels. SDS gel 

electrophoresis and Western blotting were carried out as described previously (Solomonia, et al., 

2008). After protein had been transferred onto nitrocellulose membranes, the membranes were 

stained with Ponceau S solution to confirm transfer and the uniform loading of the gels. The 

membranes were then washed with phosphate-buffered saline + 0.05% Tween 20, incubated in 

bovine serum albumin solution and the stained with Mouse monoclonal [AE1+AE3] antibodies 

to pan Cytokeratin (dilution 1:100 Abcam, ab961). These antibodies are the mixture of 

monoclonal antibodies which recognizes acidic and basic subfamilies of cytokeratins.  

Standard immunochemical procedures were carried out using peroxidase-labelled 

secondary antibodies and SuperSignal West Pico Chemiluminescent substrate (Pierce). The blots 

were then exposed with intensifying screens to X-ray films pre-flashed with Sensitize 

(Amersham). The optical densities of bands corresponding to the total cytokeratin fraction as 

well as individual cytokeratins were measured using LabWorks 4.0 (UVP).  The autoradiographs 

were calibrated by including in each gel four standards comprising the nuclear-free homogenate 

fraction from the liver of untreated rats. Each standard contained 15-60 μg total protein. Optical 

density was proportional to the amount of total and individual cytokeratins (see fig. 3A). To 

obtain the data given in Fig.4 the total optical density or optical density of  each band from an 

experimental sample (e.g. control or experimentsal rat) was divided by the optical density which, 

from the calibration of the same autoradiograph, corresponded to 30 μg of total protein in the 

standard (see e.g. Solomonia et al., 2008). The data expressed in this way will be referred to as 

"relative amount" of total cytokeratins or single cytokeratin (see  results). The filters were 

stripped and equal protein loading was verified by total actin staining (antibodies   from Santa 

Crus Biotechnology Inc.) of the membrane.  
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Statistical Analysis 

Liver from single rat formed a single sample. Sample size was estimated on a previous 

experiments with BDL (Aslamazishvili, et al., 2007). Data for the average number of ductular 

profiles and total amount of cytokeratins from Western immunoblotting experiments were 

analyzed  by the one-way analysis of variances (one-way ANOVA). In ANOVA for the average 

number of ductular profiles the factor was time and for the data of immunoblotting experiments 

factor was group of animals (operated, sham-operated). Planned comparisons between the 

average number of ductular profiles and total amount of cytokeratins and individual members 

were made   using t-tests.  Statistical tests for the average number of ductular profiles and total 

amount of cytokeratins were two tailed.  

As the number of cytokeratin immunostained cells and the amount of total cytokeratins 

were significantly increased after experimental treatment (see Results) for the comparison of 

individual members of cytokeratins one-tailed t-test was used.  

 

RESULTS 

 

Histology and immunohistochemistry 

Changes in number of bile ductules. BDL was accompanied with significant effect of 

time factor on the amount of ductular profiles: for bile ductules in the large portal tracts - 

F3,23=182.94, P=0.00001; for bile ductules in the small portal tracts - F3,23=5.60, P=0.006; for 

the intralobululular ductular profiles - F3,23=48.78, P=0.0001. In sham operated animals 

statistical analysis revealed no significant effect of the time factor for number of ductular profiles 

localized in any studied areas (per large and small portal tracts, intralobulary). 

Biliary Epitheliocytes and “Reactive ductules’ cells” were strongly positive for CK and 

OV-6 at all time points, but immunohistochemical profile of hepatocites was gradually changing 

with time. Particularly, hepatocytes were  CK-negative both in sham-operated and in BDL rats 

up to 6 h. However, some cells started to express CK at 12-24 hours after BDL. No OV-6-

positive hepatocytes were found at any examined time point. Ki-67e immunostaining did not 

reveal any proliferating hepatocytes. 

 

The number of ductulat profiles in each studied areas were significantly increased as 

early as 3 h after BDL as compared to sham-operated control levels. The increase of number of 

ductular profiles was observed and reached the maximal level 24 h after BDL. At the same time, 
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the number of ductular profiles localized in the large portal tracts as well as the number of 

intralobular ductules were increased more rapidly during the first 3 h in comparison with further 

terms of BDL; More linear increase of the number of bile ductules’ in the small portal tracts was 

observed during each time point.     

Ductular profiles appeared around the portal tracts of all sizes: from large to the finest. At 

the large and medium portal tracts the significant number of ductular profiles was observed 

opposite to biliary ducts - along the perimeter of portal vein branches. Ductular reaction also was 

observed intralobullarly, in the areas of the limiting plates and central veins, several hundreds 

microns away from the portal tract (biliary ducts). These “neoductules” were located in the 

spaces of Disse; The sinusoids adjacent to the newly developed ductules were wider then other 

sinusoids observed in the same area.  

Cells composing the neoductules were small and uniform with light, oval, sometimes 

spindle-shaped nuclei and scant cytoplasm. Sometimes they were forming the plasts with double-

layered syncytial cells. These type of cells were Ki67-negative, but equally immunopositive  for 

Pan-Cytokeratine and OV6.  

Hepatocytes were immunonegative for all above-mentioned antibodies (Ki67, pan-

Cytokeratin and OV-6) at 3 and 6 h after BDL, the significant number of Pan-Cytokeratine 

immunopositive hepatocytes were observed at 12 and 24 h after BDL. 

 

Electrophoresis and immunoblotting 

The mixture of monoclonal antibodies against acidic and basic subfamilies of 

cytokeratins have bound in samples of the both, control and 24 h BDL groups of rats to a protein 

bands of the following molecular weights: 66-68 doublet, 65, 64, 56, 50, 44 and  40 KDa  

doublet. Additional bands with molecular weight of 61 KDa were observed mainly in liver 

samples of bile congested animals.  The molecular weights of the stained bands are in agreement 

with described properties of cytokeratins.   The optical densities of the total amounts of 

cytokeratins  were linearly related to the amounts of loaded proteins. 

 

Total amount of cytokeratins   

The total amount of cytokeratins was significantly affected by experimental conditions 

(F1,9=6.05, P=0.039). The mean relative amount of total cytokeratins was significantly (by 37%) 

higher as compared to control group (t=2.46, P=0.044).  

 

Individual cytokeratins 
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Comparisons between experimental groups were carried out also for each individual 

cytokeratins resolved by SDS electrophoresis conditions.  As the total amount of cytokeratins 

and the number of cytokeratin-positive liver cells were increased, respectively for statistical 

analysis we used one-tailed t-test. From the eight individual bands significant increase was 

observed for the cytokeratins of the following molecular weights: 61 KDa (t=2.15, p=0.042); 56 

KDa (t=2.20, p=0.038) and  40 KDa (t=1.99, p=0.047). For all other individual bands the 

numerical value of mean amount of proteins was higher in samples of bile abducted group of rats 

indicating the general trend of total cytokeratin increase. 

 
DISCUSSION 

Our results convincingly demonstrate that DR is induced in few hours after BDL. Taking 

into account very short time period for DR we assume that this phenomenon cannot be 

associated with proliferation of existed bile ducts/ductules and their epithelial cells. We suggest 

that increased number of ductular profiles are originating from the widening of the finest biliary 

ramifications: biliary ductules and periportal biliary plexus. Based on obtained 

immunohistochemical data, we can also suggest, that BDL leads to initiation of biliary-type 

transformation of hepatocytes. 

It has been shown that  CK-positive bile duct number is rising from second day after 

BDL and is steadily increasing up to day 14 (Georgiev, et al., 2008). Generally it is considered 

that increase of ductular profiles can be related to a) proliferation of existing bile ducts; the 

proliferating bile duct-like structures are the product of the extant biliary tree and retain its 

characteristics (Slott, et al., 1990); (b) proliferation of other cells (including stem cells) 

( )Greenbaum and Wells, 2011  c) transdifferentiation of hepatocytes into ductular type 

(Nishikawa, et al., 2005). All these pathways are described for different types of ductular 

reaction (“typical” and “atypical”) associated with different pathological conditions of liver, 

including experimental BDL. The absolute majority of investigations of BDL in rodent liver 

describe DR from the second or third days, but more strictly from day 7 after biliary obstruction 

(Georgiev, et al., 2008, Roskams and Desmet, 1998). It is concerned, that proliferation of existed 

bile ducts is resulted from increased mitoses of biliary epitheliocytes (Burt and MacSween, 1993, 

Demetris, et al., 1999, Lee, et al., 1981, Marucci, et al., 1993, Shibayama, 1990, Sirica, et al., 

1997). Our previous investigations also confirm that activation of mitoses in biliary epithelial 

cells and hepatocytes takes place correspondingly on the 2nd and 3rd days after BDL 

(Azmaiparashvili, et al., 2009). However, the current study shows that increase of biliary profile 
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occurs several hours after BDL, which is not accompanied by mitotic activities in any cell types 

of liver tissue. These data confirm that the increase of number of ductular profiles at 3, 6 and 12 

hours after BDL is not associated with cell proliferation.  

One of the possible sources of increased ductular profiles can be the lumens of biliary 

mucosal glands, which are widened due to raised BDL-induced biliary pressure (as it was 

described on autopsy liver specimens ( )Terada and Nakanuma, 1992  and in dogs after BO 

(Kordzaia, 1990). However, in rats, unlike to dogs, cats and guinea pigs the amount of mucosal 

biliary glands is much smaller and majority of them are attached to the extrahepatic but not 

intrahepatic bile ducts (Andrews and Andrews, 1979, Yamamoto, et al., 1985). The topography 

of the newly appeared ductules (they are disposed along the perimeter of portal vein lumen 

remote but not adjacent to bile ducts) also excludes the possibility of their glandular origin. Thus, 

it is less conceivable to associate DR with wideness of mucous biliary glands’ lumens.  

Next epithelial-lined tubular structures located at the portal areas, which can be a source 

of DR is periportal biliary plexi described on biliary corrosion casts in rats (Murakami, et al., 

2001, Wright and Braithwaite, 1964, Yoshida, et al., 2010). In these plexi the bile ductules are 

anastomosing with each other, and forming a plexiform network around the portal vein branch or 

at the periphery of portal canal. This network of bile ductules form larger ductules to drain into 

the intrahepatic bile ducts in the portal canal (Murakami, et al., 2001, Wright and Braithwaite, 

1964, Yoshida, et al., 2010). We believe that the periportal biliary plexus is the basis for 

numerous ductular profiles, which appear in periportal area already in the few hours of bile 

congestion. But, according to our data, at 6 h after BDL the ductular profiles appear also inside 

of lobules, far away from the portal tract. Obviously, the periportal biliary plexus cannot be the 

source for these structures. They should be a cross- and tangential sections of the finest bile ducts 

ramifications, bile ductules and Hering’s ductules, which are established to pass the limiting 

plate and spread quite far inside the lobulli ( ). These finest biliary structures 

which lie within the lobule and not at the limiting plate are not readily apparent on routine 

histological staining ( ).

Roskams, et al., 2004

Saxena and Theise, 2004  But the increased biliary pressure due to BDL 

can be sufficient factor for their dilatation and appearance on microscopical slices.  Ductular 

profiles can represent the sections of the finest biliar-biliary anastomoses which are evident on 

SEM of corrosion casts ( ). They can also be Murakami, et al., 2001 intercalated portion of biliary 

ductules creating the finest plexi at the bordering areas with limiting plates (Takahashi-Iwanaga 

and Fujita, 1991).  
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Normally there is on average one Hering’s ductile per 10 μm of bile duct length. (

, ). The comparative analysis of the results of Scanning 

Electron Microscopy of corrosion casts (SEMCC) of portal and biliary trees stipulates the 

conclusion, that frequently the angles of ramifications of the sinusoids from the thinnest portal 

branches appear different with angles of ramification of biliary ductules from the finest 

interlobular bile ducts ( , , , 

, ).

Jeong, 

et al., 1993 Saxena and Theise, 2004

Kordzaia, 1990 Motta, et al., 1978 Murakami, et al., 2001 Yamamoto, 

et al., 1985 Yoshida, et al., 2010  The above-mentioned peculiarities of the architecture of 

vascular and biliary structures are schematically presented on original cheme. It can explain the 

suggested mechanism of appearance of ductular profiles inside of liver lobule caused by 

widening of biliary ductule lumens due to biliary hypertension.  Localization of described 

“neoductules” in the spaces of Disse confirms this suggestion, because perisinusoidal spaces are 

the only areas, where the biliary ductules, Hering’s ductules and/or the finest biliary-biliary 

anastomoses can be placed. Such a localization of the finest biliary tubular structures and their 

compression on the adjacent sinusoidal capillaries can explain the appearance of local widening 

of those capillaries, presumably proximally to the compressing areas.  

We upper have shown that number of ductular profiles localized in the largeer portal 

tracts as well as the number of intralobular ductules increase more rapidly during the first 3 h in 

comparison with further terms of BO, whereas the number of bile ductules’ in the smaller portal 

tracts increase more linearly during 24 h after BDL. It confirms the consideration that bile ducts 

placed in larger portal tracts and intralobular ductuls are more subjective to widening then bile 

ducts placed in smaller portal tracts, since the lasts are more compactly surrounded by fibers of 

peribiliar and periportal connective tissue (Chanukvadze and Archvadze, 2003, Izraelashvili 

and Toidze Sh, 1982, Kordzaia, 1990). 

In parallel with widening of biliary ductules their epithelial cells increase in size. Cells 

composing the new ductular profiles with light, oval, sometimes spindle-shaped nuclei and scant 

cytoplasm (high nucleus/cytoplasm ratio) are larger than small cuboid epithelial cells normally 

covering the finest biliary branches ( , ). Benedetti, et al., 1996 Glaser, et al., 2010 but smaller than 

hepatocytes. This indicates that cholestasis and biliary hypertension with accompanying multi-

profile reactions may lead to initiation of cells transformation. This is confirmed also by the part 

of hepatocytes changing their Keratin profile and staining positively for CK at 12 and 24 h after 

BDL. This suggestion is also supported by immunoblotting data: significant increase of total 

cytokeratins was observed in rat livers after 24 h of BDL. Increased amount of total cytokeratin 

(by 37%) cannot be explained only by “ductullar reaction”, because the cholangiocytes represent 
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a small proportion (3 to 5%) of the cells of the liver (Glaser, et al., 2010, Racanelli and 

Rehermann, 2006). 

 We suggest that hepatocytes are main source of newly synthesized cytokeratins. Our 

analysis of data of individual cytokeratin expression showed that immunoreactivity of each 

detected cytokeratin is higher in BDL groups. However, significant increase is observed only for 

cytokeratins with molecular weights 61, 56 KDa and 40 KDa. These cytokeratins could 

correspond to CK7 (56 KDa) and CK19 (40 KDa). CK7 is known as liver progenitor cell marker 

and its expression was found not only in the oval cells, but in hepatocyte-like cells during 

different pathologic conditions (Libbrecht, et al., 2000). Significant increase in the amount of 

cytokeratin immunoreactivity coinciding by molecular weight with CK7 supports the hypothesis 

that hepatocytes transdifferentiation starts in early phase of BDL. This suggestion is supported  

by fact, that we could not detect increase of OV-6-positive cells (oval cells) in rat liver. CK19 

which also was significantly increased at 24 h of BDL, is generally expressed by biliary 

epithelial and oval cells, but is also found in hepatocytes during their transdifferentiation under 

different pathological conditions. Some types of ductular reaction arises both from proliferation 

of pre-existing bile ductules as well as ductular metaplasia of hepatocytes (Michalopoulos, et al., 

2005, Roskams, et al., 1990).  

Previously it was shown that biliary epithelium (including epitheliocytes of gallbladder) 

is an effective and substantial hepatocyte progenitor compartment under appropriate conditions 

(Alison, et al., 1996, Lee, et al., 2009), in particular after BDL (Irie, et al., 2007). Our results 

confirm other possibility: the hepatocytes can also effectively begin the biliary epithelia-like 

transformation already at 12 h after BDL. Previously it was reported that under in vitro 

conditions hepatocytes can differentiate toward bile duct-like cells. Such differentiation capacity 

of hepatocytes may explain the nature of atypical ductular reaction in chronic cholestatic liver 

disease (Limaye, et al., 2010, Nishikawa, et al., 2005, Zong, et al., 2009). To our knowledge, we 

are the first who showed in present study an early changes of cytokeratin’s profile of 

hepatocytes. 

In conclusion, our immunohistochemical and biochemical data indicates that DR starts 

much earlier and this reaction is not mediated by biliary proliferation, but rather with 

restructuring of preexisting bile ductules. In few hours after BDL the DR is result of the 

widening of the finest biliary ramifications, biliary ductules and periportal biliary plexus and is 

not associated with proliferation of existed bile ducts/ductules and their epithelial cells.  BDL 

leads to initiation of cells transformation revealed by the changing the sizes and forms of biliary 
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epithelial cells and Keratin profiles of the part of hepatocytes. The DR after BDL represents the 

gradual and multi-component phenomenon which is initiated immediately after BDL.  
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