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RIIBINIA0 ®JodBOOL SdLO RS 333d56(0H3IB0
6OR3ROL LOIAM) LIRNBIAHNL B3ORS3356d30RS6
ORAJIKR 35RIdHBJ 30®0)503346d0

‘dILO3OKR0

OIB VIR IN(dS

mgodamol  M9a9bg@s3os  gOm-gOhmo  yzgewsbg  godmme  dgbfsgmswo
30m3gbos.  oagboaos,  Gmd  mgodaol  gx@gogdol  asdeog®gdygao
3O 09M 530000 Jodobo®g 53 3OmMm3EgLL ©olsdsdl odanggl @goderols oo
dololl  gOmdsTdo 535035  ob  ©obosbgds,  dogomomo 35M (3090
39350 9d®mdos  (@godemols  @9bgdEos), oMol  ggbol g@mo  ob @sdmeybody
Jogomgobo Am@ol aoszgdgs, CCly-om dmfodgems s Lbgs (Bowen et al.,, 1996;
Michalopoulos, DeFrances, 1997; Fausto, Campbell, 2003; Mitsuta et al., 2004).

©oEALGYHIEYEos, @M Js@Eogmo  Jg3oHJHmdos brgds JgdsGoEodms
ddgnog®mo  JoRmbyg@o  3Ommogg@sizool  oboigosGdm®o, ol Jgogyomsa
063gM39booesb  1-2 33000l mogby  wmgodeo  3GoJBogyuor  LEymsw
SoEygbl mogol dslol (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.)

oEagboanos, Mmd dJoBmbgdol 5dggds bEgds sw@dgyeo 3sbgbol g969d0l
(033) JB0go300ol Ygwgase dJmagosbgdbomo 3sbybol 96gd0L ho@mgomn™ ( Luc
Lambotte et al., 1997; Fausto, Laird, 1995; Zimmermann, 2002; Zhi 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). dohbgyyamos, @md gl 3@mEgbo ggd
bodGogmegds  bOol o Jdmdgdol  asmgdyg.  bOwol  goJm@gdols  ©o

sMggmo 3sbygbol 29bgd0l 5BogsEool YOmogOmEsdmgogdyagdbol bs@Gogo
d9Jo560%bdgo0  dmemdpg  o@ oMol owygbogno,  mydas  dsmo  m@ogglo

bgaogegbs 30dmbgdol Gomol 0byd3osby ool ymgdygeos (Takashi Niiya



et al., 1999; Weglarz, Sandgren, 2000; Michalopoulos, DeFrances, 1997; Zimmermann,
2002; Zhi 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).

bogamol Log@omem Loswobs®ol mgaygboom (bLLm) asdmfggyeo 3IFgo39
Joagbihobog  obggg  ofgash  @godarol  Jbogomdo  3GO@ogy@sgogw
30m39bgol  (Yoshioka et al., 2005; Rubin et al., 1995). d@sgogro bod@mdomss
oslBYMgdgmo JoeglEoboli 300mbdgddo bowgeol Lowobo®gdols sdmdggbo
9300 9g@om30dgo0bs s mgom 53 Loobs@gdol 3OME0ggOs30s, o3 mogl
ohgbl  bogmols Log@mm  Loobo®ol  mgayboowsbh 9339 99-2-3 ©egl  ©o
3Mdgmgds ModmEgbodg 33000l aobdogamdsdo. (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).
Joesbyomzodgdol 3Om@ogg@sEos s@wobodbgds dbbgomo gomod@ols bowgaols
bo@obo®gddo d9-2-3 egl, boarem dgodg gomod@ol Lboob®gddo dg-5 gl
(Alpini et al., 1998; LeSage, 2001; Glasser et al., 2009; Glasser et al., 2010). dognoy®o
930mgeomi0dgoobs s boobs®gdols 3Gmeogg@siools FMoygdoe dohbgyaos
dognoyg@o 303g@@F9bbos (Azmaifarashvili et al., 2009, Kordzaia, 2009, Glasser et al.,
2010). bLLm-00 gobdo®mdgdymo Joegl@obo oslggg 0§93 3Om@ogg@sEoymo
dgos@dmagdols  A@sblgmodgoygmo  o@ogmdols 5@ gool, @olsi msb  Lpggl
3935@™m30Ggo0ol 3339m@0 3GMm@ogghoiosi3 3ogom dg-4 eyl (Dzidziguri et al.,
2004; Kordzaia, 2009).

mgodendo  3OMEogg@sigoygeo  3Om3glbgdol  gom-gomo,  sdsbmobogy
bdodsw godmgeobgdoo gm@dss @y ydo Ggsdiosi (ductular reaction). ol
0ob osbaogl ssdosbol wgodewdo dodwobosmyg dGogoem 83039 o JOHMbo gy

055350905l o JpOMbgangbol ®godeols IAogoRgdmgeb  gl3dg@odgb@ e
obosbgdgdl.

B9y 95300 JOOFOE MY 0@ @ soliobgds mgodaools
dobBmEmyoy®  sbomegddo bomgmol  Lowobo®gdol 3GMmgomgdol ds@godom,
Goloi osbanogl bgo@®mgomycdo wgozmiEo@gooms s dJmbmbyzegmEodgdom
Jbmgools 0bgom@@sozos ©s Fbosdo Goddmbo (Desmet, 1987;  Gerber et
al.,1983; Mac Sween, Burt 1989; Uchida, Peters, 1983 ).



2odmymagb bodo Godol Y@ y® @godiosl: “Godyal”, “s@odoygdl” s
“mgomydo  gx®gegdol 3Ommoxgg@sioslt” (Nakanuma, Ohta, 1986; Rubin et
al.,1965; Tavoloni, 1987; Yamada et al., 1987; Farber , 1956; Fausto, 1994; Opie,
1944).

Ho3gOo  addamado  @gojgos  sedmagbrgds  Vgegy  dogoydo
mdLRAOYgJgool  @AmML  (s0sd0s5bgddo) ©s  bowgeol  Lowob@®ol  m3anybools
300m696do (9b3gMm0dgb®do) (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).

>®0309M0 9@ gmyg®o  @gojios gmobwgds  JOmbogygmo, dom  dm@ols
Jombogymo JomglbGobymo ©osgogdgdbol w@dml (Desmet, 1972; Desmet, 1985;
Desmet, 1986; Desmet, 1987; Gerber et al., 1983; Uchida, Peters, 1983).

@3 dggbgds mgo@ydo Yx@gegdol 3OmEogg@sEoslt, ol Fo®dmowagbls
>Go30g@o  gdHaagdo  Ggodaool  Jagbobgmdsl,  @Gmdgmoi  doGomsrow
s g@omos Jo@mbgan 96do mgodanols bbgoolbgo 3ommermyools
dJopgmo®mgoolsl o bsboosmpgds  obgmo  w©yddyegdol  Fo@dmJdbom,
Omdgedoz  Jmbofomgmdol  owgdl  mgomy®o  gx®gegdo  (g.y. ©godaols
“F0bodm®dge0” Yx@gwgdo).

sdsbmobsagg, @ oMol godm@oigbymo  Lbgoolbgs  3gdobobdgdols
LobJOmbyano b slobJOmbymo  mobbggods  Lbgowolbgs  3smmenmyools
3obgoma@gdol  Lbgoolbgs  g@o3by, Go@r ©odmgzomgdygaos  ©obosbgdols
Be®@dobg, bodolbby o dogemdsby, YXOJOMS  3OME0BJAS(0YE
5JBogmdols s domo bOwol FoJBmmgdol dododo LgbloGoy®mdobg ( Desmet,
1986).

OmamA 3 s@obodbs,  o©sdosbgddo  Godydo  wudd o Ggodios
gomo®gds 3039 dogoy®o mbbEGYJ300l wdml (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), bogom
dJoOmbgangddo  dobo  aodmfggze  bpgds  bowgamol  Loghom  Lowobsdols
M30b00om,  JoMomss,  Aomsggobdgom.  goMmoyggddo s  mopggddo gl
dgomeo  [o@dmoagbll  go®mme  smos®gdbye  3GmEm3menls  (Johnstone, Lee,
1976; Miyoshi et al., 1999; Canbay et al., 2002; Gujral et al., 2004; Wang et



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).

Ho3gO0  @dhawgOo  @godgool  Fgdmbgggedo  sbaroe  Fo@dmJdbowo
B g@gdo bobosmegds gogome asdmbs@ygao Lobsmyg®on, gm@dodgdyeao
dobogny@o  3gdd@sbom.  obobo  gobeospgdygamos  3m@OFP  BHo]Bgddo.
dohbgyeos, @md  osbmow  [omImJdboemo  ©yBergdo  Fo@mdmswagbl 9339
sMlgdyeo  bomgemol  Loobo®gdol  aobBm@gdgdl s  0dgm@mgdl  dom
LAOYJA YO g s gubjaoy®d dobsbosmgdangdls (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).

>mbodbygmo dmbob@gdol aodm BH0o3y® YAy @god3osl, boaxg®
Lo@obo@gdols aod@ogangdsls (bile duct proliferation) ¢fmegdgh. Lowobo®gdols
>bodbyyemo  3OME0gxgMs30s,  odzgodgdygemo  dgbgoygegdol  msbsbdosg,
Fo0dmoygbl domo yodmdggbo gsomgmonizodgdol 3Ommoggtogool dgegyb.

dOogo@mo  ogBmeo  doygmomgdl, @md sbogo ]Gy gdol mgsglshobm
d5®gds >00bodbgds bLLMm-sh dg-3 b, @53 ©o3593T0Mgdymos  dogroy®o
g30mg@ogdol Jodmbydo oJBogmdol dos@gdsbmsob (Slott et al., 1990; Yoshioka et
al.,, 2005). gL 3dbodgbgermgsbo Jm@Ogmenmaoyg®o  ggbmdgbo  golwgds CK
5b@Bolbgyeol  0dybmgJlddgboom. CK 3mbodoygdo boswgmols  Lowobo®gdols
@oibgol do@gds goJbodgds bLLM-sh Jgm@g EEoEsh ©s msbmswsmmdom
dodmol 3g-14 wwgdoy.

doa®od  hggbl dogd  bobggbgdo ogbs, ®md  ©yBYyto  3OmRowgdols
do@gds swobodbgds bLLm-sb 9339 6 Looswol dgdwgy (Azmaifarashvili et al.,
2009). o@bodbyen  gooby 39M03m@F Y@  dosdmTdo agbgegds Loswobo®gdol
3@ogomol  bHOYHa6d0,  Gmdmol  Fs@dmdgdbymo  glomgmonioHhgdoi
Fo@dmpagbogros @os gg@ol o@m3gsbdom. sdobmobogg, bobasbdom gbes
>@0bodbml, O3 O3 goho 53 LEHOYJHYOsdo JoGmbol Goaydgdo o6 oym
swdmhgboano. s>@bodbymo  SEoLEYMOL, GMI bowgaols LsgBomem Loswobs®do
Fbgg0L 35(9d> 9339 30G3gmogg bosmyddo ofgagh euddawa® @gsjgost™.
535bmobogg, dogbgsgom 0dobs, myg @s 0g35MoyEgds sbgmo ,,bgmeydByegdol®
Joddmddbols dobyboe, 9439 ~OLgdgmo  JomsbaomzoHgdol oy @g@mgsbo
(mgogg®o) gxdgogdol (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) (o6 0 9bEs(3, Lbgo YX O g gdols)
3OM@0xgOS(305/©0xgAgbz0s3300, bgdoldog® ‘dgdonbgggsdo sblsblibgemos
Jodmbydo Boguydgdol s@OsOLgdmbols god@o.

Logdkgms, @md slgmo s@dgyemo 9@yt @god3os, 3ob3odmdgdbyemo

04l YxOgems  3Ommoggtscoom, odbgds gl 9339 oGOLgdg@o  dogroy®o
g30mg@oygdol  dJoRmbyg@o  oJGogmds - Jobmob  sbm@o®gdbygmo  bowgaols

Loobo®gdols 3GME0x9@s300m, ™Y M3goEy®o  YxOgogdols 3OME0RgAsS30s.
bowgeol  Lowobo®gbol 3@m@ogg@siooll “dmlfdgds” dbgmmoe  Lsgo®oygoms
bLLM-ob o@s m9y 6 Loomdo, s@odge 48 Loosmsdpg @mols 0bGgdgoadogs
(JoBmbol  Gogeolbosmgol Lskodm ©@mol gomgseolfobgdom). mydzs bmyo
d3geggeo®o  dogmomgdl, @Omd  bLLm-ol  Jo0Omdgddo  bpgds  bowgmols
Lbooba®gdols NoN oRMEZom, NORG AT o3 Mdgen gdo-os jens33b0m
3OME0BJOS(300 (Slott et al., 1990); >®bodbyanols aomgoaolifobgdom,

boggoJ®godgaos, Gmd  ©9]dgmyg@o  ggbm@Godol  doGomgdgemo  @gsios
Jgbodgomos dodm@sa 0gob ©9Jo 9 9G0 3bgbob. nPIEo
bymeaddammygbgbol  Fyodml  sbggg  dgbodmes  @md  Foddmowygbwgh
©gaHmgsbo gx@gogdo - seyommd@ogo (Xin Wang et al., 2003) 56 dmEo® gygasog
(03 9g35b5Lgbgeols Tygodm, @mameE (gbo, dgewols Fgobos [Petersen et al., 1999;
Ying Zhang et al., 2003]), o6 39358™m30dgool oyl yeygdo dg@edesbos (Sirica and
Williams, 1992; Michalopoulos et al., 2005).

5O 50l godm@ogbymo,  Gmd  bLllm-ob  3omggmogg  Losmgddo
dodmgagboen  “bgmey B mygbgbdo”  dmbsfomgmdwgl  Lbgoslbgs  Godol
g @gegdo  ©s  dgdobobdgéo, GmImgdos  GoOmmE  s@ol  Fo@Imbgboao
dOogomo  dggaggo®ol dogd o egbsi 0bdgbloyg@oe dgolfsgemgds. oy,
dopomomse,  @godaol  30b3gOmygbgbol  ggarggol  dobboo  Bo@o@ydyar
Baotgdor  dggee odbgBodgbgee  gaegzadel  Ygrgpgool  Logigdggmhy
bogo®ogegdo  ogm, OmMI  3g3oBmEg@g@yao 35O 30bmds  [o@dmodmds
3935@™m3E0GJd0sb b mgogydo  gxdgrgdosb  (Desmet, 1963). dgdopmdds
0399bm3obEmJodoy@ds 330 9390d> 9hggbo, Omd 3935@m@E g g @0
3oM30bmagdol  @ossbamgdom  50% ogangbl  gJL3dmglosl  30Gm3gOsEG0bgdols
0do0m, @53 Logo®ogoml  beol, ®md  olobo  [o@Imodmds  dogoyco

g30mgeoygdol  ggbm@odol  dJmbg Y ®gegdolysh, 39@dme - Mg 9@ 0
Y990l gdg0g3oe9b@Ggdolgshb.



bbgs ggergggdo, GOmdagdoi  hos@odgdygeo  oym  sesdosboll  @godanbyg
Lbgowolbbgs 3ommammpool @@ml, Ggygbgdoicool se®gye @obsdo Fo@ddmohgbls

obomodgdgm, dgody bodol gxOgegdl dFodo  GoHm3msbdom, GmIwydos
ogagbls  gJb3dglosl chromogranin A-ols o CKl19-0l dodsdm, &o3E oo
S dsmmdom Jogmomgdl @gdmgebo Px@gegdol aoo]B0ggdsoby.  sdsbmsbogy,
bohggbgdos,  @md  Mgygbgdozool  ag05b  Bobgddo  @goJaoymo  bowgeols
IO VLYol PXOIRIO0 ©o> 3gH03MGHYEo J3oHMG0HIoL Xy aBIdo b3y
ogegbgb  9Jb3dglosl chromogranin A-Ls s CKI19-L dods@e (Roskams et al.,
1991).

B-3935@0®0ol 30O gbmsb sbm@Eodgdygemo 3g3s@m@Egegamygao  3o®3obmdom
055350 gdeyem 3530963900 5Mobgm3@sboy@ Jbmgogndo  Hsia-3 ©>
0565533 7dds s@dmsohobgl mgomy@do Fodol Yx®gogdo, GMImgdo o3mgbos
0d9bmagogoygmmdsls  CK19-b  dododm  (09]dygegdo  ggbm@odo)  ©o
39090 mygbgamdsls SEBS-9HM3OMEJobols ©> sendydobols dododm
(39353 m@Egegeydo g9bm@odo) (Hsia et al., 1992; Hsia et al., 1994).

©godeols Jsmm@maogdol @AM, JgOdme go domoy@o mdLEeY]cool
3000536F0  S@dnEgbydgmo  ©gHImgGo  GgoJaool  abgbTo  @godwol
bbgowolbgs 9xOgQg@o 3039@s30gool 3Om@ogy@sgool, ©ogy@gbgosgoobs
s AOSblbpoggagbizosgool godBgoo  (Desmet, 2011), @bowos, bAol
©JOILIO0  Ggodgool oo ggegzgdol  3b0dgbgmmdol.  Slgmo
3352939000 Igegpgdl  woo  360Tgbgmmds  gbodgés  o@o  FodH™  @godwol
obosbgdols bo@obbol LY m@oE dggobgdobs ©S 3 Mabmbols
3obbobwg@Mobomgol, s@sdge @godaols bgm3asbogdol 3ommygbgbols dgdoamdo

3320 g3gd0bmgolisg.
o8 gmbby  oJ@yomy@mdols  0odgbl  hggbl  dog®  BLLm-sb  S@gye

35096b939 s@{g®omo YAy g®o 3Omgomgdol do@gdols 4g9dds@o@o s@Lobs
s> dgdobobdgdol sdmjgeggs.

30vS>60
>bodbyyamo  33amggol dobobl [o@Imoagbl godmopggddo bowgmol Log®mm

Loobo®ols  aooggobdgol  d9dpamd  s@gymo g gto  @gsdiools
Jo@dmdoganmdols s s@OLol podmgganggs.



S8MGS6330:
L bbbm-ol  Ygdepmd  opdgym  gorgddo  wygdhawgco  @godgool
30bHMHM3MY@>Gogao 0ogolgdgdgdgdoli ©awegbs

2. 6Llm-0l F9amdo sGggm@o ©dHU@IG0 Ggod300l 369bol ©sng6s

3. bLlm-ol dgdamdo se@gymo @ gegao Ggsdiool mebdbengdo Px@goms
30090 o300l, ©0ggagbiosEools s BMSbLPoggmgbiosEool 3sdm ganggs.

336603 IR0 1LOSHRI
b5dO™dTdo 300g9@o© @osEslEAYMIobymos, AMI:

e w0uldyyg®o Ggodiaos 0fygds bllm-sb ®@sdmwgbodyg Losmdo;

e ob (o®dmopygbl  9yfg@oamglo bomgmmol  Lowobos®gbol - boswgaols
©adHadol, dgOobyol sGbgdol ©s 3gHodm@GHgmo dogoygdo [bymol
3035b0g@gdol s 5@s 53 Loob@gdobs o domo godmdyggbo gdomganydo

PxXOgegdols 3OMmeEogg@sizools dgogyl;
e b6LLm-b sp@gymo gogdosbgg mob Lrggl:

do@os@ygeo gdomgeoydol gx®gegdol gm®dol s bmdol (3g3@oa gds
39358™30d o0l dogd 30EMgOsB0bymo 3Gmgomol dgages, Goi dsmo

0B gEydo BOsblgm®mdsiool 0bogosiosl Fomdmowygbl.

R3G35DI 353MLOBO60 RIBIRIdIBO:

bLllm-oll  Jgdpamd sSEOgym gogdbg (3-24  LoomTo) gobgome®godyao
©adHaa@o  Ggodgos  Foddmowygbl  s@Lgdgao  9Fgdomylbo  bopgaols
Loob@gdol  LolEgdol domoydo 303g@Rgbbool  godm  aogobogdgdols o
Lbobsmanol dog@mbgmsddo domo “godmgeobgdol” ©s oG 3OM@0BJHSE0YEO
o>J@ogmdols dgogab.

39350 ™m30Hgool  HOsblogg®gbiosizos wWyuddYg®o  gdomgmomzo@dgdols
dodotmygamgdbom 0fygds bLLm-ol dgdeymd sE@gye gowgdbyg (12-24 Looswo) ©o

solobgds 39353 mE0d ool  3gdodobymo  3@mgomols 3geogngdbom  (CK-
3mboBoyg@mbom).

bLbem dgdwamdo  EYJAY YO0 @godaos  Fo@dmoagbl  Mmobsmnsbmdom
3obgoms@gdo o Y RogmddmbgbR e  g3gbmdgbl, @GmImol LYo
‘dgabmdolomgol  Lokodms  3GOm@Eglgdol  9Fyggdo  w@obsdogom  aodmggeggs

bowgaol dgaydgdol wofygdolmabsogy.



659@M30L 53™(I35GN0S

bodOmdol g@ogdgbGgdol  S3OMbo0os  aobbm®ogmes  oby  dgoiobol
30390 gB0l @M JHMOsbGms 1gdobs®by wo gmermdgzondby (2009 s 2010) ©o
dmGgmmmmyools 0bbBo@gdobs ©> 0l 300603960 sbo@mdools
093503 0dgbF o0l 209Mm05bgdye Lbomdsby (2011)

309(MJd33d33d IR0 dr()3Id0
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N.,PILISHVILI O.,TOMADZE G., JANGAVADZE M., PARTSAKHASHVILI J.,
KORDZAIA D. // OPTIMIZATION OF VENOUS RETURN DURING THE
ANHEPATIC PHASE OF EXPERIMENTAL LIVER TRANSPLANTATION.
Journal Experimental and Clinical Medicine (Geo), 2010, 1, pp. 9-14

3. ELZA AZMAIPARASHVILI, EKATERINE BERISHVILI, MIKHEIL
JANGAVADZE, DIMITRI KORDZAIA /! REGARDING THE
“NEWDUCTULES” APPEARED IN THE LIVER OF RATS IN SEVERAL
HOURS AFTER COMMON BILE DUCT LIGATION. Acta Morphologica et
Anthropologica, 2012 (accepted for publication)

4. ELZA AZMAIPARASHVILI, EKATERINE BERISHVILI, ZURAB KAKABADZE,
OTAR PILISHVILI, EKATERINE MIKAUTADZE, REVAZ SOLOMONIA,
MIKHEIL JANGAVADZE, DIMITRI KORDZAIA // DUCTULAR REACTION
AT THE EARLY TERMS OF COMMON BILE DUCT LIGATION IN THE
RATS. Acta Biologica Hungarica, 2012 (accepted for bublication)
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ROBIGSBEIAOL 303MBLOK3D

OMymAOE ©©sdosbgddo @godmol Lbgoolbgs w@osgo@gdgdol @M, oliggy
JoOebgangddo  mgodaols  3smmermyools  dOogomzg@mgsb  gJl3g@m0dgb@ g
dmgmgddo pogodlodgdygmos bowgmol 9@y gdol 3Omgoamgdols do@gds.
535Lmoboagg, gl 5@ gos MmogesdnMggms owobodbgds 3m@GI@o  GMod@godols
3900g9M0sby,  Igdoamddo  go  Fomsggdol  Dopbomsn. @@y g®o
bHOJHIGgo0L  5Hgdol mob  Lrggh  bgoHh@mgomygdo  obgomH@szos  ©d
39M03OF a0 30dAOMDbols 2obgomomgde. >®bodbye (3o gdgdls
“0ud@dgmmyto @god3os” glmwpgds (Desmet, 1987; Desmet, 1992; Gerber et al., 1983;
MacSween, Burt 1989; Uchida, Peters, 1983).

od dolLmammaoyg®o ¢gbmdgbol 30@Mggmoe sfg@ol dgdwpgy (Waldeyer,
1868) gobbm®@ogmmes  dOsgogmo  dgegermds  dobo  gHomdsmmygbgbol  wo
3ommgobommmaoyg®o  dbodgbgermdbol  wobowagbsw.  9zobslgbga  bobgddo

‘d90609bgds 3533990 3Omy@gbo YA gdo Ggsjizool JolEmagbgbol ©o

A95J3ogeo bowgamol Loob@gdol Yx®gegdol 3GMEOgg@sEog@o oJ@ogmdols
3odm3gan 930l dodos@n g gdom, 0ydEs 69300 God Logodsmnm @hgds.

Amama 3 bgdmon 9339 o®0bodbs, sdmymygh Lodo  Godol Y@y @
@god@osl: “Bo3ygal”, “s@030yg@al” ©> “mgomy®o YXOgogdols
3OME0ggOs305L”.

Ho3gOo  addawado  @gojgos  sedmagbrgds  AVgegy  domroydo
mdLRAOgJgool  @OHML  (sEsdosbgd@o) o boswgmol  Logdom  Lowobo®ol
mgegbool o6 sege-bogBomobmmomiosbsdom  (ANIT)  ob@mJlogsiools
30069630 (9JL3gm0dgb@do) (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).

5G030900  YdBHg@g®o  @godEos  ssdosbgddo  gerobogds  JO™mbogyo
Joegl@oby@o  osgogdgdol  @AML, ®godarol  Lyddoloydo  bggdmbols
‘d9damdo Mga9bgdoiool, @godamol seojmdm@yg@o osgogdol s QMo y@o
by g®@o 3039@3gsbool @Ml (Desmet, 1985; Desmet, 1986; Desmet, 1987;
Gerber et al., 1983; Uchida, Peters, 1983).
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bowgmol Loobo®gdols s@odoydo @gojEos, GmMIgmmoi 353906090990
0go@Y®0 YXOgogdols 3O 09O5305b;msb, JOM0M>ES© s g@ogos
doOwbgamgddo,  Jodoygdo  bogdmgdom  (D-goesJBmbodobo s  bobdodols
B9BOsJem@oo) asdm{3gymo 3o69bJodygeo wsbosbgbol dgdoamd ( Lemire et
al., 1991; Sirica, Williams, 1992; Tournier et al., 1988).

dJobbgyaos, @md 9@y ygdo @gsjios dgbsdmms asbgomsdegl  Lodo
Lbgoslbgs dgdsbobdom:

1) 9339 20Lgdyao Lobswgemg Lowobs®gdol PxMggdol 3GOME0g9MHs3E00m
(Goldfarb et al., 1962; Gall, Bhathal, 1990; Slott et al., 1990; Desmet, 2011).

2) 39350mEoBg ool wyuddgmygdo dg@edmmsboomn  (James et al., 1989; Van
Eyken etal., 1989; Van Eyken et al., 1988; Sirica and Williams, 1992; Michalopoulos et
al., 2005, Desmet, 2011).

3) @godgols “@gdmgsbo Yx@gegdols” 56 g.f. “Fobodm@dgwo” gx@gogdols
5JBH0go300m, 3OMEoxkgghszo0ms ©s ©WoggMgbzodgdom (Aterman, 1992, Desmet,
2011).

sdsbmobogy, No >Mols aodm@oibyero Lbgowolibgo dgdobobdgdols
JONOAMYms©  sOLgdmds, mEmbo Mol  bbgopslbgs Jmboiggmbg  domo
2oblbgsggdygmo 0bdgblbogogsEoom (JOmbmemaoygdo sbodgd®ool 3@obiodo),
@53 @AM 30RISYE@os  Jommm@mposby  (9JL3g@0dghHgm dorgmby) o o3
EOOL  obogodgdgamo  gxOgEgm@mo @ dmagggmgdo  GgJEogool
YOM0gOnbgaogagbsbyg (Desmet, 2011).

“B03900” 9B gmg@o  3Om@oxg@sgool AL sbersw{e®mImJdboano
©ddaado  bobosmEgds  godasr  yogmdgdgmo  LHOYIHYHom  ©o
Lobosmyg@omn o  dpgdodrgmdls  3m@@ygmo  F@sJGol  ¢gdygsemem  Losbenmggl.
©oEaliGY@gdgaorss  dohbggeo, Gmd  Godgdo  udHa@gto  GgoJEos 9539
sObgdyano  bowgmol  Lowobo®gdol  aoddogergdols  dgogyos. >@bodbyyeo
dbob@gools 5394omgodls ols 3540, “md 300mo39000 Jeogan 9b6do
shano(o®dmJdbogmo  Loobos®gdo  0bo®hybgdl  msgosbmo  bem@dsgry@o
Fobodm@dgogdols 0dybmiolEmjodoyd (Sirica et al, 1990; Slott et al.,, 1990;
Goldfarb et al., 1962; Alpini et al., 1989; Gall, Bhathal, 1990),
P BGOSLEOYJB 9GO ye (Alpini et al., 1989;  Sirica et al.,, 1985; Schaffner, Popper,
1961) s g9bjaoy® dsbobosmgdangdls (Alpini et al., 1989;  Alpini et al., 1988).
©oEsLAYOoYEoEss dobbygaro, @md GgoJgogmo wydHImado Foddmowygbl
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wgodendo@s  bowgeols abgdol  gfg@oeglo  GmEgdol  ToGmEgomo”
3Om@ogg@ozool dgogal. o3 Godol @9y ag®o Ggsjios gomodpgds (3039
JoabHobol @Ol (9JbH@sdgdshgmo  boggamol  Lowobo@(gd)ol  3¥go59
mdLRAOYgJ3os  spsdosbgddo o bomgmol Logtmm  Loswob®oli mgmygbos b
s @o-bogHo@obmmomzosbs@o  (ANIT)  0bdmdbogogos  gdbsgdodgh@ e
3gbmggmgddo — dowagddo, FoBgddo o JpO®bymgddo) (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).

0d dobob@gdol, @M Godygdo Yo Ggodaos 9339 >OLgoymo
bowgeol  Loobo®gdols goddsgengdol dgogpos, o34smgdl ol gsddo, ©m®d
shano(o®dmJdbogmo  Loobos®gdo  0bo®hybgdl  msgosbmo  bem@dsgry@o
Fobodm@dgogdols 0dybmiolEmjodoyd (Sirica et al, 1990; Slott et al.,, 1990;
Goldfarb et al., 1962; Alpini et al., 1989; Gall, Bhathal, 1990),
P B@OSLBOYJB 9GO ye (Alpini et al., 1989;  Sirica et al., 1985; Schaffner, Popper,
1961) s g9bjaoy® dsbobosmgdangdls (Alpini et al., 1989;  Alpini et al., 1988).
332093900, OMI@gdoi §dgeo®Mgomes modoobom dmbodgbsl, sbggg SosbEY®gdl
9489 >0Lgdymo B ymgools 3Omemogg®siosl (Grisham et al., 1964; Masuko
et al., 1964; Alpini et al., 1989; Alpini et al., 1988; Gall, Bhathal, 1990; Slott et
al.,, 1990). Tgdpamd 3geng3gddo bohggbgdos, ®mI go®mopggddo dogroydo
mdLROygJaool dgdpgy  dodwobsdyg do3g@3asbos dmoiogl 9339 SOLgdywo
bowgeol Lowobo®gdol bogbogolgdy® ©opy®dgagdsl. 53 3Gm3Eglol ©sfygdsh
30 35b3300mdgdl  dogmoyg@do  3039MHgbbos.  sdobmobogg,  dohbgymos, @m3
A03g®0 By gto @gsdiool @AmL, odobes Joybgoggem, oy @s Fodom
d0d@obs@gmdl  Lowobs@gdol 3OM@0gg@sGos, o6 bEgds obsgo “bswgaols
3o30@sG - By g@o gogdodgdol” Fo@dmJdbs (kordzaia, 1990; Slott et al.,
1990; Shibayama, 1990).

Alpini -bs ©s mobsog@mmgdols (Alpini et al., 1988; Alpini et al., 1989) dog®
©sslRYMgoymos, @md ANIT-om o0b@mJlogozools b boswgaol Lopobs®ol
mggbool  d9dpgy  dm3Om@ogg@eog  boswgmol  Lboobs®gdo  sy®dgargdls
5930930 IE ©JH0ogmdsl. 0g03g Bgbmdgho ©oESLAHYOIdYmo o3l Kordzaia -bog
(1990)  dowerols  bowgmol  bLoobo®gbol  asdmdd@omo 3G 935@M5F g0l
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dolgobo@gdgero 980 9B mbyeno dog®mbgm3on 3odm 33 9300 ‘dge g,
3abmggegdoll bowgmols Log@mm Loswobo®ol mgenygboowsb @sdmwgbody ol

‘49900 9%- sdslbmobsgy, bohggbgdos, ™3 Jooasbgomzodgdo ‘dgofemgl
Joegl@obols  godm  3g3s@mE0Rgddo  o39dgmodmgdye  bowgeol  dgoggdl
(Buscher etal., 1989), @oli dgegaoe 9bps goobos@oml Joegdgds@y®o d@d9bgoi
(Desmet,1992).

5d5bmobogg, s@bobodbogos, @M  yggaws  hodmmgmomo  mogobgdby®gds
s g@omos dodomswo  basmgmol  LogOom  Lowobs®ol  mgenygboopsb 1-4
33000l 3g@omedo.

bmgogdmo  sgdméoll  dog®  (James et al, 1989) >odosbgddo
9JLEM3g35H o dogog@o mdLEOYJEool OML bohggbgdos, @mI Gmameg
30MgbJodyao, sbggg bowgaol Lowobs@ols aodmdggbo g3omgmoyg@o yx@gogdo
Lofgol gBo3bg 0bo®hybgdl Godm3gesdobgdol gJl3ddglool dobmgol hggyen
("bo@dygan”)  3Omgowl.  0ydEs,  boswgmol  Lowobs®gdol  mdLE® Y300l
boby®d@ogmdol bOEsbmsb  gOhmo  @godeols >i3obylol I bmbols
39353 ™m30HJo0 mobpomsb 0dgbl o@mggo@ob 7-ol gJl3ddgbool gbs@l, @5
sdobobiosmgdgaos bomgamol boobs@gdol gx®gogdobsmgols (Van Eyken et al.,
1987).  lLogo®oygomeo, 9L 35]Bo ‘dgbodenmos ©5353d0@gdygemo 0gml
39353 m30d g0l 9@ agegdo  dgHedesbools ©o{ggdolbmab. gl 3o, mogol
dbGog oG podmdogbogh  Godg@o @G I@gGo  Ggojgool  IsGomgmg@oe
5®0309A0  Y]H gy  @godi3ool  0bogosEool  s@dsmmdsl.  Logo@oywml

bols @odydo 9@ yg®o Ggodaool 3s@oggay@s, s@odoygo 3@y g®o
0 95]00l 0boigosEosbsg.

5®0309®0 9B gEgao Ggoios Fo@ddmeagboenos bswgmols Lowobsmgdols
9F3®omglbo 3OmBomgdbom, GmIagdoi gobmoglgdygmos Foanszol 3o@gbjodsTo
(39®o©, 3m@OPmo  BAsJHoL  Losbermggl). sbomagdby  Dboaxg®  obobo
g0 0bgds dmobolRmdmby Q0MRoE o0l Loboo, oo aobo®@hgge
bH®adHangde R ©0gg0gbgotgégmo  Lobsmygdom,  Omdgmog

3odmggbogoos dfo@o0 3oBM3esbdols dJmby YN O g gdom. 0B gdo
‘dgglododgds  aod@@Fygamgdygan  (flattened)  Goewobp®gol,  bomaem  dsmo

Lodyobbmdogngdosbo obo@mdoydo LEAOYJH PGS dogosh 3yo3L 3g3s@mEodgdols
RoOR0Hgol  (Jorgensen, 1973, Desmet, 2011). 503096 ©ydgey® Ggojiosl
saomo 5zl JOmbogygamy@o  Jomglsbydo  @ssgogdol  (Amam@oies
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30Mgg@oo dogoy®o 300mb0), JoMggmso b g@mbymo Joasbpodgdol ob
bobp@damogo  9JLEM3g3sd @0 dogoy®o ®mdLEGYJEool oML, Lyddsboydo

6930mbol  Jgdwamdo  @godaols @gagbgdoiGoolsl, @godaol  sepjm3meg@o
55350900l o Fmyomy@o boyey®o 303g@3@msbooll @M (Gerber et al.,
1983; Uchida, Peters, 1983; Desmet, 1985; Desmet, 1987; Desmet, 2011).

ddsgomo  gdb3g@odgbHhgmo  dopgmon  owsbiydgogmos  @godardo
©gOmgobo  Yxgegool oMlgomds. IgHoE, WosbEYMgoymos od mg@mgsbo
YN O9ggdols 93035 gbBgdoll  s@Lgomds  sodosbol  @godedo  (g@mgsbo
PXOgogdoll  aobmoglgdol  spgomsw  dohbgygamos 9fg@oamglo  bowgaols
9B agmmgdo - Joammsbyomergdo, 3g@obaols Joansgzgdo) (De Vos, Desmet, 1992;
Gerber et al., 1983; Hsia et al., 1992; Roskams et al., 1991; Roskams et al., 2003).

©gOMgobo  Yx@gogdol s@lLgdmdol oEslEYMYosd sbogno dodyo doligo
©dOagO0 Ogsdiool ggbmdgbol z3aagsb.

Jo@wbgan gddo s@03oydo Lowobo®gdol Ibgoglo LEHGYIJBYOgdo, GmIganocs
sbm@zo®mgdygamos  mgomy®o gx®gegdol  3OmM@ogg@hs3osbmsb,  gaobogds
Jodoydo de{odgangdols (3o, D-go@osd@mbsdobom > bobdo@ols
BIBOsJmmdoom) d9dwgy (Lemire et al., 1991;  Sirica, Williams, 1992;  Tournier
et al., 1988).

G039®0 0]y yao @godioobogob 2oblbgoggdom, boa
dm3OME09Mo309  YXOgegdo  0bs@hybgdl  bm@doeny®  dobolboomgdergdl,
5B030g9M0  @YJH Yo Ogodaool  @OmL  d@sgogo  ygeggol  dgogygdom

oA YO Egds AOEDYoGMO Yo (yodEsdogomo) sby o goyg®do Yx@gogdols
>Olgdmde, eI gdo o530 gbls OIOPNOIGYE! 3935@m30dgdobs, sbiggg

Joesbgomzodgdol ¢gbm@odgdl (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).

X9 3owgg 5 smgymo Faools Fob Wegmann -do mobsog@m@gdbmsb gohmsw
(Wegmann et al., 1965) 9®396@gao 3dob@mJodool asdmygbgdbom dgolfogans
5@0309M0 Y gto  @gsdios  Lbgopolbgs  gBomemaools  ssdosbols
3oOmMbyYe  mgodado. dom  s@dmsohobgl  dmOGmEmyoyds  dg3s@mEo@ ool
dbyoglo  gx®gegdo, OmImgdog  JobGmJodogdo  owgdgdbmes  bomgaols
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Lboobo@gdols gx@dgogdbol Ibgogbo ©o bowgaol  Lowobsdols  gx@gogdo,
O gdoiz  3935@mM3E0dgdolmgol  sdsbolosmgdgar  JolGmdodoyg®d  dgwgdgols
53 gbes g9 30be-6-gmbrgsGobsby.

om0gmybby o puggmbe-6-gmligs@hobaby  sJHogmds  podmgmobes
d30m@0g9Mo309 ©YJOIgddoi wgodmol seojmdmey@o osgogdol @AM
Uchida da Peters-oll dog® (Uchida, Peters, 1983). ®odmegbody 3ganggsdo
bohggbgdos, @md  sodosbol  @godamols  osgegdgdolbols  pobgomo®gdyeo
5®0309M0 @y g®o Ggodiool WAmlL 53obylol I bmbols dgds@mEodgoo
o8 gbl  9JL3@glosl  @sdmwgbodg olgm  obBopgbby, @mIegdoi bm@IsTo
9630 gLomgdl  bowgeols  Lopobsdgdols gxdgogdol  dogd.  sbigmgdoo:
Jbmgoydo 3meodgd@oyo sbGoygbo (Burt etal.,, 1987; Desmet, Callea ,1990 ),
S 100 proteini (Vanstapel et al., 1986; Vanstapel et al., 1984), Lobbgool xgyxol Le
(a) o Le (b) 5b@o0pgbgdo (Nakanuma, Sasaki, 1989), VLA 2,3,6 0b@ga®obgdo (Volpes
et al., 1990; Volpes et al., 1991), 413 obRopgbo, OmIgeolboi 3fgos 17-1A Ag (ol
obggg 94b3Gglbo@gol swsdosbols bofanogol 3o@mEobmdol gYxdgwgddo (Sansonno,
Dammacco, 1993), 93Ebmdo dogroycdo sbFoygbo, Gmdmols o@gbGogogsios bogds
gmbo 5 dmbmgammbyg®  obFolbgymmsb s geogm@moby® 9@ dgbd
96m@sbsl H-bydgomgygemsb dgsjioom (Fukuda et al., 1989).

aoboby®denoggdeyano Joegb@osbols OAHML >3069Lols I bmbols
3935@™mE0Hgd0, Omdmgdoz  0dgmayzgds  bowgemol  Lboobs®ols  9x@gogdmsb
9V9390 4°3d00Fo, msbsmsb 0dgbls 0dybm@gszoygemdsls CK 7 @s 19-%g (Van
Eyken et al., 1989; Van Eyken et al., 1989; James et al., 1989), ®mdangdogs
bo®doTo gJld@glbodmpgds dbmemme bomgmols Loswobs®gdol gx@gogdol dogd
(Van Eyken et al., 1987). s@osdosbgddo JOmbogygero Joagl@obygdo wosgswgdols
EOOL  gEHOSLHYIG IO gEors3  0gbs  bobobo  Fgomgeg@o  gxOgrdo
39353 ™©30HJOLs @s bowgmol abgdol Yx@gogdl dme@ols ( Nagore et al., 1989;
Roskams et al., 1990).

oMsdogomo  YxMgegbol  s@OLgdmds  8dYo@gdl  gmbigxEosl, @md
39353 ™30HJOL aoohbosm bowgmols Loobos®ol Yx®gegdso G®Sblgm@dodgdols
ob  “BOobloggmgbzodgdol”  gbs@o. os@bodbya  303mmgbsl sbiggg
dmobligbogdgh “dg3oBHmEoGgool wadHama® IgHedmsbose™. 53 3mbgggGool
Lobodpgdeme 39939 gdl 33w gggdo  Lodasbbmdoggdosbo @ g3mbd@ydiools
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dgmmeol asdmygbgdbom ( Buyssens, 1962; Nagore et al., 1989; Yamada et al., 1987).
9806, 300moy300 bowganols boobs®ols Mg gbools 300 mbg6do,
obmaodgdbymo  3g3o@mEodgool  gagbmsdo  A@obL3gsbGoiool  dgogyow
bohggbgdos o3 m@asbmdo  boswgamols Lowobs®gdol Ibgoglo bE®YJdgdgdol
3obgomsdgds (Hillan et al., 1989). sbigmo dg@odesbos, Logo@oyomo, dgdmaygeno
9290530000 SO0l aob3o@mdgdymo.  mydize,  gbps  s00bodbml,  @™I
‘dgomgouy®o 5by AOsbbodm@dgmo gx@gegdbol sObLgdbmds dgbodanms soblibsls
bbgs d0bgboms, dop.,  spsdosbol wmgodarol “@g@mgebo  gxdgegdol”  ob
?F0bsdm@mbgoo  YxMgegbols”  ©oxg@gbiosEoom  —  ob  “3935@m30dgool”  ob
“dognoy®o  g3omgeomizo@gool” — Jods@mygagbom. sdobmobogg, @bowos, GmI
sbgmo  ©oggdgbzosiool  Lbodmenmm  ol®yegdsdwyg  dmEgdymo  YxGgeo
0650h9bgdl “Lofoboss@degam” dodo@mnyagdol @ gool doboslbosmgdergdlsgs.

NXgO  3ogg  obosl@ydgdgeos, o3 gbl  »y oMo 5B 0309M0

09ddagegdol  asdmdggbo  YxGgogdo  bo@dserydo  Jo@obpomizodgools
030L9690L. g gJBAOMbym-dog@mbzm3dygeo  dgbfogmom Logodogoms domo

dmbofommgmds  G9odbm@diosdo. 9B gy®  YxOgegddo dogodydobol  ©o
@03mxyqliEobols s Lgdmds dogmomgols bowgaols 06900963 9d00
95LmAd305bDg ©s, 0bggy, OmamOE Bodygao EYJdg@gco MgsdEool EAmL,
mgodaols  35@gbJodol  yxdgegdboll 53  gbom  boswgwol  dgoggdol  do@do
A5m©gbmdolysb 2ob@gommgol dgbsdergdamdobyg (Desmet, 1992, Glaser et al., 2009,
2010).

9]damgao  Ggsdaos sbggg dmoiegl  gJLEMsEgm Y g@o  dsE@olol
do@gool, @obog wob  Lrggl  33M03m@OGg@o  god@mbgdol  asbgomsdgds.

do3@0Jlbol do®d 3OmEYJ3osl 25b5300MdgoL YR Yo YxOgegdol dog®
dobogny@o  3gdd@obols  3md3mbgbBgdol (IV  Godo  gmansygbol, @sdobobols)
Lgg®gEos s dgbgbdodydo  gx@gogdol  gosdBoggds. o3obyglol I bmbsdo
bogds 393989000 YXOgogdols 3OME0BJOS(300 S dmbmzo@dgool
dmdoobsios. sdslbmob gOmo, godioygmo boswgmols @y gdols shanmls
s  o530byglol I bmbosdo goJbodgds oFm  gxdgegdol  GOSELGm@ISE0
dJomxzgodOmdmsbGgdse  (Callea, Desmet, 1985; Callea et al, 1982).

03996 g0 9B Mbyedog@mlimdygemo  ©s in situ JodGopoboEoymo  33e93950m
olRydgds, “md do@®odlbyao 30 mEFgobgdo J0M00>ES© LY m®ge

A®bLbRm®MdoGgdgmo  0FdmMm  YXMJEgboesh  asdmogmas. 0B  Px®grgool
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3OME0xgOs305L,  FOSBLRMAIsEosl  Jomgod@mbomslGgdboe s dom  dog®
dod®odlols 3O mEyJcosl S3mbAOME9dls 0™ 30bgdo, 396dm,
A®obbgm®dygmo  bOol  FsJBHmeo  dgHo. wowagboamos, @GmI  bomgaols
Loobo®gdol xdgegdo 53e0gbgb 9Jld@glosl B@SELGM@IYe bOol RoJBm
39®o-2 —ols dodoGo (Milani et al, 1991) sdMogo, boswgmol  Lowobsdols
YxOgegdo  dohbgymos  god@mbols  gobgomsdgdols  “390Ldgo39Mgde”,  Go3
Lodmgmme 03935 Godmbols aobgoms@gdols (dop.  3oMmggaso dogos@yyeo
30Ombol s 3oMggmoo L gdmbymo Joesbyodgdol @ml) (Desmet, 1987,
2011). s3sbmobogyg, JoeobpomEodgdol, dg9bgbjody@o gx@gogdol, dodwgdsdy
do@d@0dlbol o bOOL GoJBm@gdol YOHmogOm Jdgwgdol dgdobobdgdo xg@
30093 ©olobylpgdgaros (Glaser et al., 2010).

30Omop390do  @godmol  Gypgbgdogool  gggmaby  ogO IR gdgEo
dogmos 3oMiogmo (2/3) 39353 9]B™dos. 0dols godm, @™ godmsggol mgodeno
Foenmgobo sagdgagdobos (dgoagds 9@ mdsbgmologsb 3@s]@ogyms LOgmsw
3ob3om 3939090 6 Joeologob), 3do@@ogmo 39353 9J@™dools  (3-4  [oenols
dmgoagdol)  Fgdegy  wodhgboao  @godaols  bofomo 3G ]fHoggmew
06@oBydos.  m3gdhoioopsb 12 33000l mogby  @godao  3Go]Bogyero©
Logao© smoagbl mogol dobol o gb sweygbs gobdo®mdgdymos @godaols
35M9bJodymo s bowgmol Lowobs®gdol yx®gegdols dodg@3asboom (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). >3dsbmsbsgy,
YXOggdols ddasg®o (GHogwolgd®o) Mg3eogzoi300m dodobsdy 53 3GME Lo
A g@yao Ggodios oxgoJbloMgdbymo s>@ s@Ob.

39350 ™m30Hgdol  Mmg3eogoios  swsdosbols  @godewdo  ygzgersbg  bdo@ow
g0msMEgds @god@ol Jodoy®o 5b godybygmo obosbgdol b sbmlool @M.
o0sd0sbols  @god@mol  ©ob0obgdsls  3ob@mdyemydo  ob  Fym Ao mdyg@g®o
bggOmbon 0ob Lrggh s@osdog@o @addawado Ogsjeos, Gmdgmois grobegds
bggHmbymo  Fomoszgdol 39008g@Mosby. o8 Bodol @godaoge ©9degdl
aVorgds  gbygrebseobadgdo,  bymnmsbyomamgdo  ©s  ©9JHI@gtho  oby
dogroydo dg3s@m@o@goo (Phillips, Poucell, 1981, Desmet, 2011). oliggg Gmameg
JoOmbogymo  Joagb@obydo osgomgdol @MU  asbgomsdgdyamo  sEodoy®o
©9ddgegdo,  @godmols  (Lyd)dsboy®@o  bggmmbol  dgdoamd  FomdmJdbogno
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©ddIIG0 bHOYIH909d03 gryads 0bHaOdgrogmo PYx@rgdobyob. obobo
53 gbl 039bm@geJEogmmbell Gmame 3 Lygdgaoygmo  3mddmbgbdol (Delacroix
et al, 1984), 3jo®@Eobmgdddombyemo sbFopygbols (Gerber et al., 1983) >
3oAM3gmsBobgdols ( Van Eyken et al., 1987), sbiggg 3935@3m30dgdl dodggdol —
sang3o-1-06Go@d®o3lbobol  dododm  (Gerber et al, 1983). gang@®mbyao
dog@mbgmdogmo  3gargggo0meG ©oLHYORYSS, GmI  OgoJaogmo  ©JHImdo
9903ogb Fgomegd YxOILgol — yoOEsdsgom o@dgol Jg3sHmEHgdls ©o
Joesbayomzodgdl dm@ol (Gerber et al., 1983; Roskams et al., 1991).

53G0gom,  XOIOMS  @93@03o300m  J0dpobodg  3GmEgbl  godmgds
shapegl o6 o6 obaegl EgdHgwg®o @godgos. gl ©og30Mggds  oda@gdom
bEodnml JI6ol ©addam@aGo Ggedcool s@lobs s dgds60bdgdols ©sds@gd0mo
3352930 b>mgol.

OO 9339 >©@0b0dbs, 0bFg@dgwoymo Px@gogdo dglodgms Lomsggl

00gdegl 39Mobaol YA ymgddo gobmoggdygemo Fogu@BoBYOo  ®geMmgsbo
YN0 9go0Lsas6. (byd)dsboydo bygz@mbol dgdpamdo Ggygbgdsiools yggesby

SOy #sbsdo,  OmEgbsg xgO  gowgg  o@®  dgobodbgds  dgogome
3odmbs@ymo @ ggdo @god3os, 3maFYmo GOsJBgool 39M0ggosby ©o
6930mbgdol 30dgdoMge s@obodbgds Gom3gumo Izgomg bmdol Y Eggdols
aohgbs, @mdgmmoi odgm mgsydo doGmgo s dfodo odm3gsbds. obobo
o gbls  0dybm@gsJogmmdsl  bowgeol  Lowobo®gdol  CKI9-ols o
chromogranin A-U  dods®m o dgozogh  bgodmgbom@obym  a@obyegdl.
Ygbodenms,  swbodbymo  gx@gogdo  20dm0dydsggdgl  bogmogdgdgols,
Omdgmoi SO gdl 3b0dgbgermgsb @mels mgodmols Yx®gEgdol bOsLs ©s
0090 9bioMgdbsdo  (Roskams et al., 1991). @gy9bg@szooll dgdwamd  gobsTo
eddamato  OgaJaos  Fgegomrss  odmbohgmo s AMpm@E3
Jogobpomzodgdo,  obggy  3g00ggOogmo  dg3oHmEodgool  gaabiytgso
3mboBoyg@os CK19-ols o chromogranin A-l  dododom. dmgangboms sdagocdo
JOmbmamaog®o  mobdodgg@mds Logo@osygome ©sgo3d0@gdgmo  gbos oyml
“d300g YXOJEgool” b, Gmame i3 dom gfmpgdgb — “dEodg dg3s@mEodgools”
00990 9bGosgosbmsb  m@ogg  dododmgmgdom:  JomsbyomEodgde  ©o
3935@m@odgdse  (Roskams et al, 1991). olggg GemagmeE  JOmbogygeo

Jore gl sby@o o5350gdolsls, d93969M5309 mgodenols @ godEoygeo
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09Jd9gdoi  dgogogh  PTHrP, @o@r o6 oseobodbgds bm@dyger  bowgaols
Lboobsdgdol gdomgmomzodgddo (Roskams et al.,1993). PTHrP Lbgopolbgs @odolb
JxOgegddo, EGF -obs s TGF -0l omobbangdoon oLGodymomgdl ©bd-ols
Lobmgbl o o3 gbom Jmbofomgmdl bOol GoJ@m@gdol Iy Eogs@me e
dodmjizggodo (Centrella et al., 1989; Insogna et al., 1989 ).

mgodaol M939b9M5300T0 goblsgym®gdomn 3dbodgbgarmgsbos @sdmwgbody
bOols goJ@mmdo (Michalopoulos, 1990):  3e0sbdol  go@m@gdo, Gmam@oEss
EGF s HGF, dmama i 3g3sdm@Eodgddo, oslggg Jomsbyomzodgddo ofgggl wbd-
ol Lobmgbl (Joplin et al., 1992). go®moyggddo 3o@@Eosmy®o 39353 9B ™dools
dgdamd  @godemol  B93969Go300l  3odggeo  obpojodm@os  3enobdsTo
3935 mE0Hgool  bOol  FoHm@ol  d3ggmco  dsFgds. gl ygoboligbgamo
Fo@dmopygbl dmgangboms  gobgowol 2599396 d9dobobdl, @oi3 ayeolbdmdls
SO Yo 39bgdols gl3ddgloslt s 3g35GmE0Ggdol o 0dm Yx®gegdol Jog@
Lbgoslbgs bOolL goJBm@mgdol gJl3ddgbosls (3g3s@mEodgddo — TGF-4 o
S30YAO0 BodAOMIsLE ool bOwols goJ@m@o (aFGF); odm gxcdgogddo - TGF-B
o> HGF). 33303, g00moaggddo @mam@ i bowgmol  Lowobs®ol  gx@gegdo,
g3y 9B g®o GO ggéo asdmodydeggdl TGF-a -L, (Burr et al., 1993;
Collier et al., 1993; Hsia et al., 1994) @53 Logyydggerl ggodanggl gogo®ogomn,
amd gl gxdgegdo dgbodgms Foddmowagbogl TGF-4 -U  ©g3ml, @Gmdgmoi
9b@9bggergmal  dol  godmmogolygmegdsls  3oMgbJodol  3gMm03m®F e
bmbgddo (Burr et al.,, 1993). dLgoglow sdols, 9@y ygdo gx@gegool dogd
3odmdydoggdygao  PTHIP  Logo@oyome  ho®omygeo  9bps  oygmlb  b@Aw©ol
RoJpm®gbdoll  3md3egdldo s dgbododoboe dmbofomgmdols ¢bps omgdwgl
mgodeol ©sbosbgdom gsdm{ggyee @ga9bg®oiGosdo (Roskams et al., 1993).

5>sdosbol wgodendo 3g3o@mEge e g®o bggdmbomn dodwobsdyg sOE9GO MO
9L dpamdodgmds gJl3g@0dgb@ e dJmegado LEgamo LobybGom ggo sobobgds,
09dze bogpge 3bmggegddo d@ogomo bggdmygbygmo ©s sMsbgzMmagbyeno
Jodoydo  bogmogdgdgdom  godmfggymo  @godamols  obosbgdols  Igdamd
Rogodbo@ydymos wgodmol GypgbgaGos o wahamyGo Gyedgos. yggmeby
bdodoe aodmygbgdygmo bgizdmygbyemmo o963 9005 bsbdodols Gg@dsem@oweo
©S D-ao@s]@mbodobo. 3oM (30900 39350 9d@™mdools dmgeolipsb
aoblbgoggdom, doboyg@o Jodoydo osbosbgdols dgdamd 3g3s@mE0dgdo ggos®
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9bOYbggegmal Logdo®ol @ga9bgdoioslt, bogos®ogome 0dol aodm, Gmd dsmo
0E0 MoMEIbmds 0350905, b GmJlogy®o obosbgds xg® Jowgy dmermdweyg
35933939200 d9d560bdom 5063060090l oo @g3mogeiosl. slgm Lo ysiosdo
oJBogdpgds  “Lodgbgdmgm” gxdgegdo. gl dodmmgbs  9Jb3g®odgbR by
oyMEbmdomn 3oMggmoe  godmmdzgh Wilson ©s Leduc-ds 1958 (geol. dom
9hg969L, @®3  moyggddo  Logggdom ddodg dmfsdgmols dgdwpamd  smwagbols
3ob5do bowgmol ©yJByergdo (Joamsbpomengdo) [o®dmJdbol 3dg3s@miEodgol.
533™M®gods  yodmmdggl dJmlsb@gds, GmI bowgmol ©yJByegdol Yx®gogdo
Fo@3mJdbols Lodmgbgtgm ©g3ml, @mdgabei dgygdmos yosxe@mmgml s@gsemo
s (o@dmJdbols 3g3o@m@odgdo  ®godanol  3ddodg ©@sboobgdol, dop@sd o@o
3003090 3935GgHmdool Ygdrpmd.  glomgmyg@o  Pgx@gEgdol  30OH Yo

303gao0s  (3obmoggdgmo  0bHGe- s 9JlHAS3MAGY®  ©YJHYwdTo  wo
3gMobgol  dogns396do),  GOmIgeoi 3OM@oggodgol  mgoderols  Jodoydo

obosbgdol dgdoamd, ofmpgds mgo@myd  gNOJEgooE; 5GHOMYOL MMM 3
3935@m30Ggdol, sbggg doaoyg®do gdomgmomzodgdol mgolgdgdl (Inaoka, 1967;
Lemire etal., 1991; Lenzi et al., 1992; Novikoff et al., 1991; Petropoulos et al., 1983;
Sell, 1978; Evarts et al., 1987). dom dgydaros ©oxg@gbco®gdbs Gmama3
beo@doany®, sbggg @godenol bgmdgsboy® yYx®gogdswe (Evarts et al., 1987).
MFoEYA0 YR OIRIO0  omgagds  GogYHoH YO0 @gtmgobo  PgxOgRdol
‘doodmdogangdo ( Desmet , 1963; Evarts et al., 1987; Fausto, 1990; Grisham, 1980;
Marceau et al., 1989; Sell, 1990). “gogg@@o@y®o mghmgsbo yYx®gegools” Jggd

0a@olbdgds  gxOgegdol  3m3ymsios, Gmdgmoi  Jbmgogol  dmliggbgdye
JamdoMgmdsdo sldymgdl o3 Jlmgomol ©sbodbymgdolmsb slmEo®gdeym

139308090 B9bJEool, dopa®od odogEGmymse, o3l Lbgs @odol Yx®gogdow
B®5bloggdgbioszool 9bsdo o, Jgbodsdolow, seoagbl 53 Lbgs @odols
YXO9egd0ls 3m3ygmsigoslt, mygzo ol mgomomeagbols gbsdo sz ymo oJgl
(Falkowski et al., 2003). go39@@sG9®0 @gOmgsbo gYxGgegdo 3o, msgol dbcdog,
00gagds 3@ Y@03mBgbH It IxGIRgdor,  Gmdmgdos  yogmgol  Fgdwgy
Fo@3mdbol o6 Fgoaggm gxOgeb. oo gomageo gxOgeo ggbmGodghoe

Ohgds 0gAhmgeb Yx®gesw, dgmeg 3o aoblbbgoggdoygm ggbm@Bodl Fo®dmowagbls
(Michalopoulos et al., 2007)..
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dgedogo  aobobagdo  Lob@gdgddo, Gmgm@oEss  gobo,  bofasgols
g30mg@oygdo s dgdm3mgby@o dgamol  Fgobo, 3GMygboRmmo s5by ®gdmgsbo
axoOgegde  lugadee  ogogs o Yo@dngdbol  Hesbbofym  gx@yrgob,
OMdgdo3 ©0xgAMgbicos30ol Ladm@mmm g@odby godasogh 3@meogg@siEoygeo
5JBogmdols 9bsdls (Hall, 1992). bo@dygen dpamdo®gmdsdo @gdmgsbo yx®gogdo
hoobozgemgol  ©odg@Mgodym  Yx®gegdl, boaem  bbgswslbgs ©@oog509690l
OAML smoagbl Wsbosbgdya Jlmgoenls (Sell, 1990).

0godeo BAOsoEgms© asboboagds 300mdomow gobobangdsw Loli@gdow.
boo@dyan  dpamdsdgmdsdo  gxdgogdol  aod®ogmgdol  gbosdo  odsgnoo,
ob0sbgdoby Lodolygbme g0 momdol LEsdogryg@o dg3sGmEodgdo 0fygdgb
L{®ogy  goddogangdol.  dobbgyano  oym,  AmI  3oOmdoms  gobsbargdswo
Lob@gdgdo @ Tgo3oggh ®gdmgeb gxmdgegdl (Hall, 1992). oydas, w©@gl
93903963 960 FBoOMME SEsLHYMJOL ®goderdo WgAMgsbo b 3MmygboGm@o
YXOJEgool s@OLgdmdol. dogomoms, YxXOJEY@o  gYGYOgool g g3go0m
sdmhbs, @md  Jodoydo 3g35Gm3ob3Egamygbgbols o6 Jodog®o sbosbgdols
dgdamd  mgodaols  Ggy9bg@sool  @@OML  dzody  bmdol  g3omgerydo
YN0 909560lL 39M03mAOE Y0 3M3PES30s IOME0RgMS30mdl  3g3oGHME0RJOMSb
> 05bbdo 5b Jom god@Mogagdedeyg. LYm@ge o3 9gx®gegdl 9fmegl mgsgag®o
YxOgegdo  domo  gm@dol  asdem  (Opie, 1944; Farber, 1956). w@@gobomgols
dohbgyemos, A®M3  mgomyY@o  PYXMJEJoo  ©s5353doMgdymos B g@dobogy®
bowgeol  Loobo®gdbmsb, 9.f. 39@0baoll  s@bgdmsb.  obobo (o@dmowygbls
50350 9bJodgmo  gx@gegool  dgHatmpgbgm  3migmogosl,  @mdgmes
35033990 bsFomo o53egbli Mm@ 9dfoxgedo 3g3sGmEodgdol do@yzgmgdls
(OEOAM@035S seas-89H™M3AMmA gobo), olggg boswgeol Lowobs@ols gyx@gogdols
39bm@Bo3l (Dabeva et al.,, 1993; Dabeva, Shafritz, 1993; Dunsford et al., 1989;
Dunsford, Sell, 1989; Germain et al., 1985; Hixson, Allison, 1985).

Mgog @0 YXMgegéols by dzomg bofogo 35063 e g@odm@gb@gcos ©s
aoohbos 3930 m@odgool,  Jommsbpom@odgdol,  3obg@golol  ©s  bofansgols
g30mgeogdols dodoGmygan gdbom 009590 9bz05300L 9bs@o, obigag,
3935@m@Egegm®o ob JommsbyomEgmgamydo 3o@Eobmdol Fo®dmJdbol gbsco
(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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SEOgYE@  93dMombym  39Momedo  mgodamo  dgopgds  3Omygbodmeo
YO Jogoolysh  (3g35@mdmolBgdolash), @mdmgdon  [o®ImJdbols  3fogy
3935Hm30HIOL @ bogaol Lowobodol gx@gregol. gobsgmyg®o Logdggdel
(JobOogol wgodanols 3m@F Yo Fs]Bgdol gdgogomgb@o) sberml dwgdsdy
39353 mdesl@gdo To®dmJdboohb 3Mododoygen Lswob®mgsb LE®YJBd9®gdl, 3.§.
“Boobs®mgob  go®xodgdl”  (ductal plates). “Loobsdmgsbo  go®Go@gdo”
B9bOH03YAoR  mgomygdho Px@egdol gzogemgbhos ©s ogargbl gJls@glosl
GORMOGE  3935H0E0HIO0L  (GmBo-GIHm3tmpgobo s sadygdobo),  Sbggy
bowgaol Lowobo®gbol gxcdgogdol do@390M960L (3od™M3gOs@obo 7 s 19)
dodo®om (Fausto et al., 1992; Shiokiri et al., 1991; Van Eyken et al., 1988; Desmet, 2011).
Logo@oggoms, Omd 30mygbodm@o Yx®gegdol 300y @osmEgbmds sa®dgegdls
>Obgdmbdol dmbOwogoll mgodaewdoi o obobo, GEam®aE 9339 >@obodbs,
@egomobydgmos  bopgaol  abgdol  9Fg@omgl  gOwggagddo, d0OH Yo
B®oJBols o 3oMgbJodol doxbsby.

3B 9090bg hoBodgdygmds  33@09390ds  osELLFYMS, Gmd be@doayd
3935@m30HgolL 5@  aoshbos  ganmbol  Fo®dmJdbols  ybsdo o  @godanols
9g30mgeE @0 YxM9gdo, AO®Iagdo In vitro sgagbli 3g3sGm@odgdol Ibgyogl
B96d30gol, Logodogrmoe @gdhmgobo gx®gegdoesh gbrs 0@gdrgl Lomsgglb
(Grisham, 1980; Tsao et al., 1984). dg9@o3, Grisham -ds (o@dmoaobs 3mbg3ios,
Omd @godaols @gA™Mgsbo YxOgEgdbo “Bogg@BoB®05”: olobo o>JBoydegds ©s
3OM@0xgOs30mdl  dbm@me  35dob, @Gmpgbsi  dg3s@dmaEodgool  ddodg  ©o
bobyMd@og ©ob0obgdoll mob gOHmgol domo @g3gmogzsiool obdododgds. Wilson
s Leduc-ol 33amgggdoi gosbbdgds “gogygam@odoycdo mgamgsbo gx®gogdols”
0gm@0sl 03 aopgdom, AmMI WgAmgsbo YxOgEgdo ©s303doMgdygmos bomgaols
©09Jd9egdmsb. Lemire —d ©o moboog®mégdéds H-thymidine —om dmbodgbom
©AdHILIG0  IxO9Rgool  IgHodmmobdol  glsgarol Igegaer  dgdagl
©o9Ea0bsm o3 Px@gegdol  Abaoglgds mgomyud  Px@gEgomsb s  d3ody
39353 ™M30HJOmsb. bowgmols Log®om Loswobs®ol gowsizgobdgolbs s bobdo@ols
B9dOsJmm@opon bgdmdgogdol jmddobsios o6 @godeols  3dodg @obosbgds
AYOobom, 53agbl Joasbyomangdol s@OLgdmdsl, Gmdagdoi dgoEegl Gmayma;

bowganols Loobo®mgob 9300 gY@ YN g gol, sbiggg 9] y®
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393°H™E0GHIdL. gl dogargbs  9bgabgdl  ygdHamado  gxOIRIdolysh
39353 mE0Hgdol (o®dmJdbols dglsdagdanmdsls (Sirica, Williams, 1992).

@godmol - Godbog@o  ©sbosbgdol  Fgdegy  waddamg®o  IxOIRdowsb
39353 m30dgool  Fo®dmJdbs ol ydwgds os@s  do@Fm  @godendo, sOsdg
3ob3Mgoldoi, @53 93 9gbmdghl 9u®Om 9bogg@lsgryg@ols Lobgl odanggl: 8-9
330@0L  yobdogmmdsdo  GoOmogggol  sdgm@gowbyb  dgdHom-0ggocodH 9
©0ogBoby, @53 0fg930s  gabmg@obygano  35b3@gollol  3dodg  obosbgdsls.
3bmggegdols bm@Iga  33905bg gowoygsbols dgdogy Jlmgoando dgdmmbgbogno
Loobo®mgsbo LEOYJB®go0 FomdmJdbows ¢gbm@odydse ©s dom@maoyco
0301969000 39350™ME0EHJo0L, ©s 5@s 35630 golols siEobydo Pxdgogdol dbaogl
YX M9 gdlL. 530b9®o LEHOYJBHYOgdol Jgos@gdom Alydydo @sbosbgdol O™
30> 3935H™E0(H o0l Fo@dmdbol boggmow, s3obyg@do LH@YIHacgdoo ofggdes
093969053006 ©> M@A5bml sy gbsl.  sdMogsw, 35bi@goliol ©o @godanols
boobo@mgobo  Lo@gdgdo, @Omdganmsi  aoohbos  Logdoem  9dd@omygbygdo
(o®dmdogenmds, 0bo@bhybgdl 3g3s@maodgdol (o®dmJdbols ¢bosdl (Rao et al,
1988; Raoetal., 1989; Reddy et al., 1984; Reddy et al., 1991).

nodowobom dmbodgbom ho@omgdeyen 9Jb39®0d96@3 90 do
SYBMOSEOMAMsR0a 33cm9390bg oyMbmdbom, Zajicek—3 ©o mobssg@mmdgdds
Fodmoaygbgl “podobody @godenoly” (streaming liver) 3mbigg@os (Zajicek et al,
1985). dom  0go@oygl, md bm@Iym  Jeamds®gmdsdoi  go  dyedogow
d0dobs@gmdls  3gMobyol  s@bTo  @miomobgdygmo  gdfoxnsdo  mwgdmgsbo

YXOgogdoll bgamo 3OME0xgAS30s S 0B Agbioszos m@o ATogg wgdmgsbo
PxOgeol - 3g3sdm@odobs s bomgmol gbgdol gdomgmydo Px@geol -
dodormye gdom. 39M03@F a0 39358 ™30 gd0 BOOSWA0E©GdS
39bRAGo@ydo  ggbol dods@myegdom (530bylol 3gMoxgg@oolsggh). dom mosb
dobegsgl  gJbAOsEgg@mydo  Jos@@odlo  ©o  s@s3oMygbJodymo PG g gdo.
39039699@  doodmTo  obobo  gobogosh 83m3GmMDBL.  ofgoeb  aodmdwobomy,
mgodgro  dgodangds  aobgoboamm  dypdogo  bgams  aobsbangbdo  LobEgdog,
Aol ,obsaasbBOoygamo® bofomo asbmoggdymos 3gM03m@Gmo©, boam
»0569@gd g0 — 396G s y@o ggbgdols dowsdmdo.

3

Sigal-ols ©> 0oboog@m®mgdol sbGom @godego “wg@mgsbo Yx®gegdol s

domo  dwsdmdogargdols LolRgdes” bLodo bofomom: 1) mg@mgebo gx®gogdols
bofoao, @mdgeTdoi 9Yx®gegdo 5H>MgdL FgRomy® Fgbm@Godl, x®goymo

24



3ogo  bges  30d0bo@gmdl o ©sbosbgdol bgans  3olygbmdl; 2) dgm@g
bofomo  aodmog@gdbymo  gubjioom  (amplification compartment) @edaols
AXOINIO0G  5H>OOL  0bGgOdgrog  Gbo@ost  wo  ggOe  Lidsgee
3obygbmdgh  ©oboobgdol o  3)  Gg@dobogy®o  ©oxg®gbiosiool  bofoao
bY@ogoe  ©ogg0gbgodgdopo  gxOgegdom, @Omdgmosy  @ogadyymo  sjgo
aog4mgol  gbsdo.  mommgygeo o3 Lsdo  bofomol  gx@gogdol  ggbm@osdo
930053 gbow© 3obolobmgmgds domo  sbsgom.  dodwgdsdy do@®oJLols
dgdoygbermds  9bogm@dygamo  o@  o@ol, mydzs YxOgeolbs ©o Js@@ojlols
YOM0gO0 Jdgegdsd dgbodegrms ©ogg@gbiomgdol gg3006 gBo3gdbyn dgEgomml
39bm@odo (Sigal et al., 1992).

©gOmgsbo  YxOgogool  sGogsiool  bylEo  dgJobobdgdo  xgd  gowgy
©a0bogds.  OMAMOE Y339 ©30bodbgm, oSwesdosbol  mgodendo ©gAH™Mgsbo
YXOgogdoll  @emgomobsiose  doohbggs 39M03m@F g@mo  dgaombo.  ssdosbols
bo@dgar  9dd@ombyen  @godedo  3mAFP@o  ggbol 256G mgdgdols s
boobs@ols QoG dowsdmdo 039bm3olEmJodoy@sw 30060 gdo
IXOIRYWO  3M3YErs30960,  GmI@géol  FbmGodghor  0dgnddl A6y
39353 ™m30Hgool, obggg bowgmol  Loswobo®ol 9gx@gogdol dobsbosmgdan gdls.
>5dosbol ggHomy@ s bgmbs@omu@ mgodendo Lowobos®mgsbo go®godgdo
(ductal plates) @s 0bjm@3mA0G oo bowgmols Lowobo®gdo s3egbl wo@gdbom
9630 gLosls PTHrP —ols 30ds@m. 4-5 {eools sbsgobmgols PTHrP gJlddglos Jogds
o>  dmbOPomol  mgodewdo o3 dodgg@ol  gJlddglos  se@d  gemobpgds.
09oJaoge  ©9d@d9egddo PTHrP bgaobogno  gdl3@glos o34odgdl  @godenols
©gmemgobo Yx®gegdol bowgmol wyd@gmwgddo (3g@obyol s@bgddo) (Roskams et
al.,1993) s@lgdomdol 3mbig3goslt: @godmol Lbgoolbbgs Lobols @sbosbgdols
@AMl bel-2 3OmEMm-mbimagbols  3@mEgobols  asdmgagbs  bpgds  s@sdosbols
boo@dyan o 3Om@ogghodgooe bomgmol wyddywgddo s dzomy bmdol
Loobo®gddo (Charlotte et al., 1994).

@godgol  JOmboggmo  JoagbHabg@o  ©ssgogdol e@nl @ gwgo
095300l ga@@slayddgegemo dglfegmon swdmbgbogno 0dbs sbogno Godols
dgodg  bmdol  gdomgmg@o  Pgx@gRoe,  (RgAmgebo  PgxGgEo),  OmIgwog
009890 9b30MP ds 3oMgbJodye ob bowgmol Lowobo®mgsb yx®gosw (De Vos,
Desmet, 1992).
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bogamol Lowobosdgdol ¢9fg@oegl gobdBmgdgddo @g@mgsbo gxdgogdols
>Olgdmbdol  I@ogoeds gJl3@g@0dgbGyyerds  oEsLEYMYdsd  sbogno  Iydo
dmdgobs  ©9Jdyeg®o  @gsdiool  g9bmdghl. @godan@o  Lbgowoslbbgs  Lobol
YN M990, dom ‘do@ols 30 03mA9b@ @0 ©gA™Mgsbo YN 9090,
©00xgagbzosi3ools ©OAOML 53 9bL d60dgbge0mgob 3eoobBogyamdsl.
39353 ™@30Hgd0  ogegbl  bomgemol  Loobo®ol  g3omgmy® NG gogdoE
“B®sblpogg®gbizoszool” ¢bodl s 3oModom, bmgogdmo Fodol bowgeols
g30mg@ g0 gxOgo  ogargbl  gbsdl  dgoggemol  wogg@bGosGool
dodoOmygangds s [oMImJdbols 3g3s@mEodo.

egobomgol  ggbm@odydo oxg@gbiosgool “gos®mgol”  dgdobobdgdo
XJO 309y 3geggols o ©@obylLEgosl dJmombmgl. sbggg ©obobybgdgeos
©gOHMgobo YO ggool 3g3s@dmEodgdee, bosmgmol abgdol g3omgmomizo@gosw

009909605300l JoMgygmodgdgmo  FoJBm@gdo  ©s  dosmom  s@dAYo
d9J560%dg60L  ,hodmgol®* gowgdbo o  3o®mdgdo.  LOY@ymgoms  s@ol

3odmboggerggo  ©@godaol  obosbgdol  dgdoamd  @g@dmgebo  yxdgogdols
3O 07 9@ s3000b 2>ddggb0 dgdo60%bdo. do@mognos, >a 360 m3gLdo
3obbobwgdyamo  Gmegro  Szol@osem  3m@Imbgdl s 3esbdyd  bOols
RoJHm®gol,  dog@sd o539 9bws  5®0b0dbml, @mI  ©godmol  Foaosjzgddo
©9ddagto  Ggadaos  gmobpgds  o@s  ggbydomobydgmon,  s@sdge
bbgowolbbgs doEgmmmdomn, @o53 godm@oabogl dmEo®dgygmsiog  3esbdygeo
RoJHm®gbols gosdfyg9@® 3609gbganmdsls (Desmet, 2011).

sbans  asbgobogmm  3g3s@m@Eodgdol  wudHymyg@o  3GmEogg@hsigool
Logombolswdo dodwgbogro 330939000 bmyogtmo ‘9920, @533
aolbsmgogolifobgdgaos hggbo 3gergggdol dgogagdol 0bGg@m3@gdeioobsmgols.

39350 ™m30Hgdo s  dogmoydo  gdomgeoydol  Yx@gogdo  dmbOo@ols
mgodgrdo Foddmoagbl 3F0xg 9x®gogdbol m@ Godl. olbobo gdddomygbgbols

390omedo  Fomdmoddbgds  3g3o@mdasliGgdosb.  3mbEbsGogy®  3g@omedo
mgodaools obosbgds, Omdgeno(3 ‘dg0a gdyeos 39358 ™30 goob
3OME0g9@s3000b b M 3g5Lmasb, 0{393L “mgomycdo YxOgogdols”
3OmEoggdoizosl  (Jpdebgmgdby  Jmgmodgdbym  3smm@mpogddo); gl
935boligbgarbo  aods0ddbgds 3930 MmE0@goo o smoagbl  @godanols
30MgbJodol wogo@a e bofoals (Alison et al., 1997; Evarts et al., 1987, 1989, 1996;
Golding et al ., 1995; Lazaro et al., 1998). opodosbol @osgo@gdoms

26



dobBm3smmemyosdo 53 YxMgegdl gfmegds “yddgyto 3g3s@miEodgoo”
(Fiel et al., 1997; Haque et al., 1996; Haruna et al., 1996). s@bodbyero yx@gogdo

>3 abls OO (3 39350™30Hgom b, sligg9 o 0y@ YN A9 gdbmsb
sbm@zodgdygmo 296960l gJb3dgloslt o godmgmobrgds dBogomo ©osgs©gbdols
aml - d(g539 3935@0B0wsb 30@ggmso  dogos@ygeo  0@mMbol hsmgmom
(Vandersteenhoven et al.,1990; Crosby et al., 1998; Crosby, Hubscher, 1998).
Jn@wbgamgdby ho@odgdygao dBogomo 9Jl3g®odgbBom wosb@®gdyaos,
Om3 mgom®o YxMgegoo [o@dmoddbgds domoydo gdomgemogdol mgolgdgdols
dJmbyg mgdmgobo yx®gogdoesb ( Paku et al., 2001; Paku et al., 2004). mgogoy@o
PxOggdol Fobsdm®mbdgegdol gobmoglbgdol sweyomsw  dohbgyaos 3g@obyols
sMbgdo. gl o®bgoo  [o@dmowagbl  3g3o@m@Eodgddo  sbense{emdmJdbogno

bowgaol 2od@ om0 @udduey®o LobBgdol 3o®gger LEHOYJBHYOY gON Gy,

dogroy@o  gdomgmoydon  asdmgggboan  dg0Mg 9B uegdl,  @mdagdoi
5353do® 9oL bomgeols 30305 gdls 30O G0 A®oJ@ol do@og@

0] g gdmasb. >3 gbow, 3g®obols >sMbgdo ddo@m 3°3do®dos
39353 ™M30HJOmsb. Jmbgdbes 39Mobyol s@bgool Lopg®ddol s 3oModgBH@gdols
3oblbobwgds o oEaobws, Mmd gl sdbgdo ok@gdosh Foensjzol Low®dgdo
(Crawford,. 2002; Falkowski et al., 2003; Saxena et al., 2004; Hytiroglou et al., 2004).

Mgo@yYAo gXOJegool  3Om@ogg@sigool  asdmfgggol s@os®gdymo

dmgeo 290lbdmdls 3oM (309 39350 9dB™dosls N-2-539@0g0-
>30bmg@y® gbom (AAF - N-2-acetyl-aminofluorene) 3odm{ 3999

06@mJbogoosbmob  gomsw (Evarts et al, 1987). 3s@@oygao  393589J@mdos
(PH(X)) sLEodgemotgdl 3935hm30Hgd0l 30mmong@sgosl, Gog Fo®dmspaqbls
@godaol  Ogy9bg@oigool  bo@dsmy@do  3GmEglol  gHm-ghm  gdoeygbger
bofoal. AAF 0fgggl 3g3o8m@odgdol 3@m@ogg®dsiools 0bdodoiosl. PH(x) -ol
‘d99amad 3-5 ol aobdogammdsdo wgodanol Foanszol 3g@o3m@ @Gy dowsdmdo
320b©gds  mgomyg@o  YxOgrdo.  33939dds, @GmImados  gydrbmdmes 53
G030l 9JL3gM0dgbd e  Jmgel, aodmogerobs, @md  3g@obaol  s@bgdols
3>303g960 gx@gRgool godrs 30@HYmo bowgmol wylHgmadol g3omgmydo

YXOgegdoi dgbsderms sbiggg Fo®dmowagbegl mgomydo gx®gegdol Fyo®mb.
AAF + PH(X) -ob 9gdpamd, 1-2 @eol gobdoganmdsdo 3m@@Gymo 9@y gdol
dogos@yo g3omgmoydol dodmggddo bpgds 3g3s@mEodgomsb slmEodgdyamo
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B®oblgMo3dgogmo  goJBmdgdol gsdmgangbs, @o53  Logo®ogome  mgogy®o
PX 990l Fobsdm®dgo  gxdgogdse  sJBoygdo  FEsblogg@gbiosoom
soblibgds (Nagy et al., 1994).

oEsbBYMgoymos, M  Jgmoggh  ©osbognobom  (DAMP)  dognoyy@o
g30mg@oygdol  Foboslo®o  ©obosbgds, 50b30d0®gol  mgogy@o  gxdgogdols
fo@dmJdbols AAF + PH(x) 9Jgdeppamd (Petersen et al., 1997). o8 @o330639603
oGS, “ed Mgo@ @0 YN 090960 Fo®dmoJdbgds do@o®o
F0bodm@mdgogdolaseb. mgomy® gxdgogdbs ©s domoy®d gdomgeoydl dm@ols
ddodm  35390M0  obBYOgds  bbgs  dOsgogmo  godmygmggomss. ol
dopomomoag, Strain —ol s mobssgdm@gdols 33amgggdom  bohggbgdos, @m3
Mgoma®o Y Ogegdo  ssdosbol  @godeol  dom3Go@gddo  dognos@yano
do®39mgd0l, Bel-2 -ols @ws bgo®mbyao sdgboy®o dmangigaeols dods@o (neural
adhesion molecules) sgagbls 3md3egJly® 9JL3dgbosls (Strain et al., 2003).

PH(x) —ol Jgdpamd 6-8 weol gobdogamdodo  mgomy@do  3x®gegdo
230dm03d9 35390l A-ggBM3IMMAJobl o  aodsoddbgds  s@dydobol  ©o
39353 mE0HJOmsb  sbmEodgdymo  bbgs  dodggdgool  IJm3dmeydiog dGody
3935H™30(HIdR.  d30dy  Jg3sHmEoHgde  ghmzgds  Fomsgol  dob@mmmyoyd
50 J0dgdBdmbogodo o byl 9Fymdl @godmol wsgodygmo dsbols seEygbsl.
Jodog@o obosbgds, PH(Xx)-0lopgsob asblbgsggdom, dmpgosbgbom obsdo 0393l
Mgo@Y@0 Yx A9 gdol G@SbLgm@dsizosl 3gd3s@mEodgdse (Petersen et al., 1998).

Lbgoolbgs gxdgogeo  3dgJobobdgdols  hodmgol  Dbybeo  Lgds s
Sanam@omdo X gAX JOMdom o oMol oy gbogo, mydEs WoEsLEAYMYdYmos,
@md  obgm  gomo®gdsdo, @megbsi  ©@godeol  dolol  ogodagol  dgdwgy
3935@m30HJOL ozt ymo ol asddogagdol ybos@o, dogoy@o YN G gL gdo
B96J300b0G0L dOymOE FoggmBoH YO0 RIOMGbo YXMIRJS0 ©S >@gbL
@godenol dobob.

Sdsbmobogg, 9bes 5@0bodbml, @mMI bmgogdo 33ag39ddo bohggbgdo ogbs
3ol Lofobosmdwgam  dgdobobdo - 335G mEodgdol  GOSbLoggagbiosEos
do@ oy X OJEgdsE. 453930l s JbOwoeo ssdosbol wgodando dodwobsdy
bowgeol  gbgdol  Jomm@mapoydo  3geoagdgdols  (3oGggeowo  dogroy@o
3oOmbo  ob  Jodggmowo  Lgmg@mbymo  Jomsbyodo) Oml  ©sdFoEes
mgoma®o  PxOgegool  ds@yzgeol - OV-6 -0l os@OLgdmds  3g3s@mEodgddo.
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9Jb39®039b3 e IJmEgagddo  AsbbmdGogagdymds  33e093933ds,  Joenob-
0930300900 ogdols s/sb dogos®ymo AmJlobol — ANIT -0l godmygbgdols
Qembby,  godmogmobs 335G mE0dgdo,  OmIamgdoi  obgbl  dogos@ye
doM39M90bg gJL3mglosl. F@sblygby®d mopg39dbyg aobbm®zogmgdyge @godaols
obosbgdol dJmegangddo oliggg aodmgmobps, GMmI 3935GmE0Rgods dgbsdanms
(o®dmJdbols  mgogydo  gxdgogdol  mgolbgdgdol  3Jmbg  gx@gogdo. o3
3320 g396do bohggbgdos, OIOL:) 39350 ™30 gd0 >3 9bls 9JL3@gLosl
Joobaom30Hgdmob sbmgodgdgm  Fod90gdby, Gog bogydggml ygodwgsh
303oMoygEmm, MM JeObgmgdols s SEsdosbol  @godedo 335G ™ME0@ oL
5J3L bo@gaol 3bgbdol gdomgay® YxOgegds AMsbLLoxggmgbiosiEools ybosdo.
Strain  —d> o  oboogHMMYods  osslFYdgl, ®md OV-6  do®gzgeo,
Omdgmoi bo@dgms  9Jb3dglbomgol @ ®bgmgdol mgomy®d  xOgegddo,
©9JB90 BoOgoBol Yx®gegobs s swsdosbol  dg3s@mdmsb@Ggddo, obiggg
9JL3MgLoMmgdL  swsdosbols  3g3o@m@EoBgool  admggddo  wgodaols  d@sgseno
©055350960L AML, ds0 dm@ol obgmgdol, Amam@oEss dogoy®do sG®gbos, a-
1 5b@o@d®odlbob ©@ggno30d0, 30Mzgems®o dooyg®do GoOmbo ©s JoMggerswo
L g@mbygmo  Jomsbao@o ( Crosby et al., 1998; Crosby et al., 1998 Strain et al.,
2003).
sliggg bohggbgdoo, OIOL:) OIOPRNATEY 39 G9®9ddo ‘dgbodangdgaos
39353 m30HJo0l aoMmEsddbs domoyd Yx®gegdse (Michalopoulos et al., 2007). ~d
3382939000 3odmyggbgdger  ofbs  Fisher-ol  godmogggdo  Jodg@gmo  @godwoo.
odpgo®m  @godendo  39350™m30dgdol  bofoamo  (o@ImJdbogos wmbm@o
003933 0o 393@owsobs IV 3mbodoyg@o (DPPIV) Fisher-ol godmogggdolasb. gl
3935@mE0Ggd0  ogagbl  gJl3@glosl  gbbodo@y®  domzge  DPPIV -%g. gk
dodggdo o6 gJb3dglodegds  (DPPIV)-bgyo@oyd@  Fisher-oll  godmopggdols
3935HmE0HYOLS ©s dogroygdo gomgmoygdol PYxG@grgddo. Jodg@ygmo @godwols
dobBmenmagos ofgdomgdbom odbs s@{g@oao Laconi —ols o mobossg®m@gdols
(Laconi et al., 1998) o Shafritz —ol ©o mobosgdmegdols (Dabeva et al., 1998; Oren
et al.,, 1999) dog®. dogoy®o g3omgmoydol Yx@gegdo, Gmdagdoi sgegbos
30boGoyg®d  gJld@glbosl 3g3s@m@odgdol DPPIV  dod3gdbyg, s@dmhgbogr  odbs

Jodgoygamo  mgodgol  m@asbye gy y@gddo. gl goddo ool ydgdl
39353 m30HJd0Esb  dogosdygmo  Yx@gegdol  Fo®dmJdbol  Iglsdangdenmdsls.
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dmag05bgoom, sbigmogg dglodegdemds osbGydos 3bmggagdby (in vivo)
9Jb39®0396@3 96doz:  DPPIV-3mbo@oyéo  Fisher-ob  godmspaggddo  bomgenol
Log@hom  Lowobs@ol  aoog3356dgol dmbpggl  dogroydo  g3omgenoydols
IXOJRIO0L  podmog@gdgmo  3OM@OPIOHG0S  ©S 300G HHJHgodo
dOsgemmdomo ] yegdols Fo®dmJdbs (Sirica et al., 1992; Polimeno et al., 1995).
dopa@5d, Gmegbsi  dogoyg®do  gdomgeroydol  Px@gogdol  3OM@0R OS30
sm@ygbygamos  DAMP-om  bgdmdgogdom  gemobgds oo @omgbmdom
3935@™mE0HJo0l  ao@Esddbs  dogoyd yx@grgose (Michalopoulos et al., 2007).
A@5bbodmOymo  3gmomgdgdo  s@0bodbgdmws  39M03m@F gmo  Josdml
3935@™m30Hgddo,  aoblsgymdgdom 3o 3m@OGymo  FOsJBgdol  dmdoxbogy
3935@m30Bgddo. gl gxdgegdo 9Jl3gMm0dgbBol dogrosh sE@gYm BsbsTogy
o8 9bebgb gJlddglosls OV-6 dodo®mn — DAMP-ols godmygbgdowsb 24 Lossomdo.
dognos@yeo  dodygeoll - CK 7-0l  gJl3dglbos 3o  o00bodbgdbmws 3006,
bowgeol Log@mm boobos®ols gowsygebdgomsb dg-7 wwgl. gl 3geroagdgdogs
‘dgdmogotym gdmes 39M030M@ @ a0 dowsdmmo. Lbogo@®ogomos, OIOLS)
39M03m@F @0 Jowsdml 3935GmEoRgool bofomo asboiol mobpomsbmdbom,
bofoaro go  Li@og godwoddbol. 3oGHgmo HOooEgdols odpgmog  gx®gRgdol
Ggool  (ring) (o®@dmJdbs, @mdgeox ¢gbmBodyg@se  bolbosmwgds Gmama 3
39353 ™m30dgd0b, obiggg Joesbaomzodgdols ngolgdgdom, 3358m0bgd1
936M0m 9bgbol 3g@omTo godmgmgbogr  Loobo®mmgsb godgo@sl (Haruna et
al., 1996; Michalopoulos et al., 2007).

bowgmol Log@mm Loobo®ols aosiggobdgowsb 30-9 egl, 39ds@mJlognob-
9mbobom dgwgdoa JobBm@myoy® Sbomamgdby s@obodbgdmes I@sgammdomo
bogarol  ©9JHamgdol  FgIGgomo  poBeOMMgdgm@o  30GHYm@o  HA>JHgdo.
dOogogo yddyes osgergbes 3mboGoy@mdsls DPPIV dodsdm.

M3oe @0 YXMJgoo msgosbmo dgbodegda@mmdgdom  gzgmobg sbarmbss
mgodgols mgAmgeb Yx@gogdmsb. DAMP b9dmdgwgds o@yyboglh mgomy@
Yx 9096l (Petersenet al., 1997). gobsosb  mgomydo  gxOgogdo  ©o
Joesbyomzodgdo BgbmBodg@em daogl g@mdsbyml, oo sgrdsmmbdom DAMP
domnbgi 02039 bgdmdgogdsl osbpgbl. DAMP bg9dmJdgogdols dgdwgy DPPIV-
3mbodoyg@o ©ydd g gdol Goigbgol 33390@0 DO d3oxome Joymomgdl, G™I
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obobo  Fo®dm0ddbgdosb 39358mE0dgdolasb (3bmdogmos, @M Jg3s@mE0dgoo
@9bobEgb@yeos DAMP dods®m) (Michalopoulos et al., 2007).
5Jgob godmdwobodyg aoggmes ©olgghs, @md  bowgeol Logdom Lowobs®ols
3o53356dg0ls ‘dgdeyma 3OME079MH0M oo 9] gdols bofoao
39353 ™M 30HJo0©sb smdmzgbogds.

5dolbmobsagyg, s@ss bohggbgdo, @md dbmeme bosmgmols LogBmm Loswobs@ol
M gegbools OO (DAMP-om bgdmJdgogdols oM gdg) bgomogls
39353 ™M30Hgo0l A@sblroggagbiosos domoyg®d g3omgaeom0@gdsw.

>3 Bodol ggarggol  Igegpgdo 360dgbgarmgobos @godmol @gpgbydogoygmo
domamaoobomgol.

dohbgyaos, GM3 3OmEGM o - bsmgaol bsgdoem bspobGol gowsy556d35
+ DAMP, @5d0gboedyg 3o PH(X)+AAF 30m@mgmel, dmdgmoi 3odmoygbgds
bofoboo@dwgye dodo>@m g gd0m 3obbO@Eogagdg@o  ggEomgdgools
0byJioobomgol, o6y JoesbyomEodgdol 3g3s@dmEodgdoe yo@esddbolsmngols
(mgog®o Yx®gegdbols “LEswool” yoganom) (Michalopoulos et al., 2007).

ngm@agds, M3 ©g@mgobo  gxdgegdo  Lbokodmgdol  dgdmbgggedo
22003 9bwbgh  3935HmEoHYOL b Jmmobyomzodgdl, X9  jorgy oG SO0l
Jagaeo sJlomds. sdsbmobogyg, wWosb@YMgdbymos, @™ osOSLFSbsOHYo
09296905300l 300Mdgddo 39353 m30Bgdo s Joasbyomzodgdo Fo®dmowagbls
RO AOGYOH ©gemgeb  gxdgegdl  gomdsbgmobomgol.  dg@obyol  s@bo
Foddmoey bl dg3sHmEo@Hgoobomgol  gogampodg@o  @g@mgsbo  gxOgegdol
Fgommb. 3g@obyol o@bo olggg To®dmoagbl JmersbyomEodgdol sgsbyodol,
Oemdmgdo  dkoOm  3537d0@To  0dgmgzgds  3935HME0RA oMb s 0d®gods
Jogsgol Low®dgdo (Crawford, 2002;  Theise et al., 1999). 3935 mE0dgdlsg ofgl
9bs@o  godmogmobml  gogyuGo@dg®o  mg@mgsbo  gx®gogdols  mgolgdgdo
Joesbyomzodgdobomgol.  sligmo  3g3o@dm@Eodgdo  gmgsmobgdbymmo  s@0sb
39M03mOF e  dosdmdo, mydgs oM o@ol  godm@oabymo, @M  5dogg
030lg690L  ogamgbogl  Lbgs, (omozdo 9xuom @ds  @mjzomobgdygao
39353 m@30dgdo (Michalopoulos et al., 2007).

mgodgool  35MgbJodoll  wowo  dobol  “@sgodyggolsl”  @oi  dgodangds
aodmg99eo ogml PH(X)-0m 56 CCL4-000 godm§ggyeo ©obosbgdom, @godenols
09296905305  d0dpobs@gmols  dgpedgdom  ©gBgAdobodgdya  Yx@gEms
3OME 07 9O S(3000: 39353 ™30 gd0 Fo®dmJdbols 39350 ™30H oL ©
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Jomsbpomzodgdbo — Jomsbpomiodgdl s 5.9.  (Michalopoulos et al.,, 1997).
09396905300 3@mEgLbol  olsbdyal  brpgds  ©@godeol  dobiol  seEygbs.
dopa®od, 0d  dgdmnbggzgddo, GOmEalbsg  39353m3E0H Yool 3OMmE 0y as30Eo
5JB0gmds womdabymos (dop., AAF, GgdOm@bobols s o. 9. godmygbgdolsl),
39603mO @@ dJopsdmdo hbpgds mgsmyg@do YN Mg gdo, OMI@9doz MsbEsmsb
0099096300 909ds  39358™mE0Agdsw.  yggmms gl goJBdo  dogmomgdl, @™3
Mgom @0 YxMgegdo  Fomdmodbgds bomgmmol gbgdosb. 39@dmg:

1. 33odg 39350™mE0d oo  3o®s]dbsdeg mgsmydo  gx®gogdo 53 gbls
9Jb3GgLbosl dogmoy® JoMgg®gdby (Yin et al., 2002).

2. PH(x) + AAF  3Jb3g6odgbfgee  doegmdo  bswgmol  ©9lHgmgdodo
ARG bpgds 39353 m30H oMb sbmEo®gdygao B®sblLgMmo3ioygemo
BoJHmM®gdols wmbols do@gds (Nagy et al., 1994).

3. PH(x) + AAF dg93ppam3d 340ligg dogogdo GmJlbobols DAMP -0l gsdmygbgds,
3odm@obogl mgoey®o Yxdgogdbol s@Lgdmdsl (Petersen et al.,1997).

bogodomme  ®hgds  mgomy@o  gx®gegdol  obsdm@dgroo  gxdgogdols
bgbBo  @mgomobsizool  Logombo  bowgaols  aodmdBob  LE®YJBYGgodo
(396060l s@bo /b 3mOE Yo ©Y]d e gdo). 3OMdegdsls Jdbol olboz, ™I
3gM0bgol  o®bo o  0bG@S3mAGY@o  bswgmols  yddygms  aoboboangds
OMamO 3 9gOmdsbgmolash  goblbgoggdygmo, gJlgegboygdo  sean@g@bs@oggoo
(Nagy et al., 1994; Hixson et al., 1997; Yang et al., 1993; Faktor, Radaeva, 1992;
Theise, Saxena, 1999).

o@bodbyeo  3Omdegdols godm,  goblogygm@gdom g0 ©9JBYeg®
0 95J3oobmsb  dods@mgdom, d60dgbgemgobos  [gdomo  gomod®ol  bowgaols
3bgdol — s@bgdols o yJHymgdol — gansbogogoioobs s Fg@dobmamaools
Lbogombols aobboangs >®bgoyao Lbog@mosdm@oliem 3mbLgbLyblols
aomgoaolfobgdom.

Lbogddg  085Tos, @md  bowgemol  abgdol  olomyg@do  gobdm@gdgdo
3000055 25bLobgdyo: bowgmol Logdmm Lowobs®o {o®dmodbgds @godanols
dodxggbs o dodibgbs  Lowobs@gdol dggomgdom. obobo, mogol dbdog,
Fo@3moddbgds ULgadgb@ydo Lowobos®gdolasb, gl 930bslgbganbo g0 @obodsdls
09l Modmegbody Lg3dy®o Lowobo®gdol dgaTydom. Lgd@dydo Lowobs®gdo o
doomgds  dOsgomo  0bFgdhemdymydo  Loswobs®gdol dggemgdomn (Ludwig et
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al.,1998). @bmdogmos, @m3d gl 0bFgOemdgaydo Lowobodgdo [os®@Imodggds
Jo@sbyomzohgdom  odmggbomo  ggdm  dgody  bedolb  dogmgobo
LAOYJHOgoolasb,  OmIgmms  bobsmydoz,  mogol  dbdog,  aoowols
39353 ™30Hgd0m dobobwg®yeo bomgaols 3o30@s®gools bobosmy®@do.
3s5bmobsgyg, Bg®mdobgdo, OmImgdoi  3sdmoygbgds o8 ¢dizodglo, yggesby
36O Jbodsgydo boganols 0B gdols s@bobodbogog, nbmgaemdls
obylEgodols o 9bogoiEo®mgdsl.

LAOYJAOs,  GmIgemoi 3bmdogros d96obgoll  s@bol  Lobgaom,
3003go,  0YPdae  o@mobOygmagsbmgbs,  se{goglh  0d  dz3awgge®gods,
Omdmgdoz  049690©0bgb  Lbgowslbgs dygdydfmgdgdols dognmgeb Lol@gdgddo
Lomgdogol  obogdaool  dgommel.  g3sd©  39@obads 1867 (gl  dgdenobols
@g@xob  9JugOggool  IgabFogmamo  gJb3g@odgbHol  Fgrgygddo  sfg@s
3983000 39353 m30d g0l jobosgrogymyg@ LolbGgdobs (d9dwymddo ol gfmes
“mgodanols 3o30@s®gbdo”) o bomgaols Lowobodl dm@ol (Hering, 1867). o9
39603530590 dob homm bowgaol s@bgdol LA YJA YO0l oylE@szos,
Omdgemoi  3odmggboao oym bsFommddog 3g3s@mEodgoom ©s bofommddog
Joesbgomzodgdom. gl LEAOJHgGs  gOdgmegdbmes  s@bTdo,  GmIgero
dJogosbo  Jomsbyomiodgdbom  ogm  sdmggbogno.  dgdpgmddo,  momdol
Loygubgbobggdols  asbdsgenmdsdo,  dgwgdgol  Lbgoolbgs  dgmmegdom
©odydoggdgmo s Lobosmaols dog@mlgmion sofg@omo 53 LEOYIGHYOgo0l
Lobger{mwgdgdo bdodoe o@gegdomes (Letulle, 1915;  Mclndoe, 1928;  Clara,
1930; Elias, 1949). 3domo o@dmhgbowsb @osbemmgdom sbo {enols dgdwgy 3o,
Fg®omo go@oddol bomgamol bopobos®gdols s 3g3s@m@Eodgdol godoms@yyano
LobBgdol dgbgdol  dowsdml gangdB@mbyao dog@mlbimdon s@fg@dol (Daems,
1961; Jezequel, 1962; Albot, Jezequel, 1962; Steiner et al., 1965) gogyoe dJmbos
d90ga0  ©gdbymgdol  GmEIYmo@mgds:  Lbogmol  jodogsdols  pooligans
bowgamols  Loobo®@@o  begds  3m@Fygmo  Fasgdol  doxbsbg. gl m@o
LA JB 9O gOmdsbgol gzo3dodwgds 3g@obpaols s@bom, GmIgols Lobmbodgdos
Jooesbgomans, 3odome@ym-9gd@gmyg®o  jogdodo, dgdsgtmgdgemo Loswobo®o,
Fgomoeg®o bypdgbdo.

3gMobgol  s@bo  goggds Ambobmgdg  godgodol  (limiting  plate)
39353 mE0Hgdols s dogogdo gx@gegdolasb.  3gmobyols s@bol Losbosmydo
mEbsg  gotmgs  gowdg  bowgmol  godogs@o.  bmyxg®, dgodargds GO
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3g®M0bgyol doans3do Modmegbody bowgaol jodoao®o hog@omml (Kordzaia, 1990;
Murakami et al.; Motta et al). 3g35@3m@Eodgdols  ©s  Josbyomazodgdols
dogOmbomgdo  ok@gds  dob  Lobsmy® do. 39350™M30Hgd0 s bowmgmol
0B gdols YR O JO o0 9O Isbgols 93°8300©gd056 d9dogMmgdgeo
(junctional) 3md3egJlgdom. dogoyg@o YxMgegdo IJobsbwgOymos dobosgry®o
393605600  (dobogry®o  godgods) ( Phillips et al., 1987). gl se{g@ommds
sOLGYmos.  o3dmAms  bofomo  godoymdl, @md  s@bgdo, @mIagdoi
5353d0MgdL  0bBgOemdyamy®d boswgmoli yd@gmsl o godogs@mgdl,  gbgds
mgodgool  30M9bJodols - Jmbosbwgmg Godgodol (Elias, 1949; Daems, 1961;
Takahashi-Iwanaga, Fujita, 1991), b 39358 m@Eo@gol Fomosgzol Low®dg'do (Mclndoe,
1928; Clara, 1930; Takahashi-Iwanaga, Fujita, 1991; Ekataksin, Wake , 1997; Elias,
1949; Buyssens,1962).

5335050, ‘dgodangds aobolibgomb 9] e gdo, eI gdo3

3obmoglgdygaos dbm@me  3m@Fe  ggado  ©o ]G agegdo, GmIemgdos
dmoizogh  3m@F Y@ ©s  0bG@ommdymyd  LgadgbHgol. 0bGH@sgmoyay@o

09dBaegdo  dgdmgedamagmos  dgbgbJodygdo  3md3mbgbBoll wbgemo  d@om,
hggnegd®og, dsbsany®o  dgddb@sbomn s Jog@mbolbado®mggdbom, meyd3o

bobpobob ggbggds 330y GomEgbmdomn  Jmasygbols dmdzmgdoi  (Mclndoe,
1928; Ekataksin, Wake, 1997; Gouw et al., 2001).

dg@obaol  s@bo,  OmImols  jgoegdoz  dgddboaos  bsFoermddog
3935H0™30(H 000, bofommd@og jo  JomobyomEo@gdom, oggmads (35G0G)db)
Log®dgdo.  ¢35boL3bgemo 33ang30l dgogygoo, Gmdgaoi gyOEbmds bowgaols
3bgdol  0dybmdol@mdodoyg®d  dgwgdgel o  bm@dygao  @godeol  Lg®oyeno
obosmegdol Lodgobbmdogngdosh @g3mbld®yJcosl, dgogome @bswdymal, ™I
3g®@0bgol s@bo bdodop o0 [yogds 3m@OGymo  FasGol 3g3sGHmEodgdom
‘dgdembobeg® g Jmbobg®hg BoOgodsbmsb, s@sdge ogo gOEgmgds Fogszol
‘dogbomn @5 535390090l Fomsgdows  boswgmols  godogs@yga  Lol@gadsl,
30O BOs]Bdo aobmoglgdyer yByegdmsb (Saxena et al., 1999; Theise et
al.,1999). bomgeol abgdols 9bs@ogglo LEHOYJHYMgool Bgmdobmamaos dg@ow
(335 gdoEmdl s bdoMoe godomol dJobgbo bpgds.

sdsbmobogy, 0@256bmdogngdosb sbomsgndo 0396m30LE M Jodoyco
FYegdgomn dogoygo o6 3909d0L  gJbd@gbosl sgangbls omgggmo b 3306y
30™M3gd0L Lobom Vomdmea gbogno Joasbyomzodgdo, Amda gdo3
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35bmoglgdgmos 3m@Fgmo GAsJBowsb Lbgopolbgs @ol@obzosby. doa®sd gl
PX 90960 bdodow Jdbol Lobsmymgdl, @mdmmgdox (o®dmowygbl dogoydo
bol yggersbg (gdogo aobdBmgdol gobog d@oagdl. 0dybmeggbm@Godo®mgdols
dgomEds 30©gg 9ROM 2obsd@goas gl Jmbob@gds (Van Den Heuvel et al., 2001;
Roskams et al., 2003). sdsgo@mygmosw, by 9x6m 0@dsgegds obFgaglo o7,
9gOmo dgbgogom obmmodgdygmo Px@gegool dododm, @OmImgdog Ydaodglo
0@ 05O 0 3596(™MEgogd0ol  dgdowagbgell Fo®dmowagbl, s @mdagdos,
Lbgowolbbgs sg3@3m@ol sb@om go0y03909@os @godgols wg@mgeb x®gogdbmsb
(Theise et al., 1999; Roskams et al., 2003; Sell,1998; Baumannet al., 1999).

40392039 bgdmnJdgmo s@sbH Y@l obgmo  Hyddobmwmpoyg@o  Lo@gdol
‘d999doggool oyEomgdamdsl, @mdgmoi gOmo JbMog, Sg33o@ YO, boam
dgmdg  IbMog, yggmolbomgol oboggdoe osbobogl  Lodgabogtm  33angggdols
ERICHEHISLS

23HOGms  ©oEds  xygPds,  @mdgaog  L3ggosmygdoe  dgodbs
Log@mosdm@olem  3mblgblylol  dolbow{ggem, goomgoolfobs @s  bowgeols
Loobodgdols  ¢fgdomgbo  LEOYJHOgdol  momdoby  ygges  msbodgo®mgy

‘dgbgoyagds ©s domo dgdopagbgmo bofomgdol s@lsbodbogoe godmygbgdege

4ggems  Bgadobo, dmofmes dgmobbdgdygao, 9.f. gmblgblyl geosbogogsios
(Roskams, et al., 2004):

e 39Mobgol  o@bo sl sObo, @mdgani godmggbogros  bsFoamddog
3935@m30Hgo0mn s bofommddog Joasbyomzodgdom. ol Fo®dmowygbls
Sbo@mdoyg® o gobomgmaoy®  3o3dodlL  0bFGommdygamy®  bowgaols
3o30@o®@yga  Lolb@gdols o bowgmols Loswobo®gdl dm@ol. 9y ®gegdo,
Omd@ oo INOGMEMA0YA0 ©> 039b6mggbmEodyg@o  dsbosbosmgdegdols
dobgpgom  0goggdl  Fgomgeygd  sEyoml  dgdoHmEo@gobs  ©o
Joaobyom3ohgdl  Bodol  (Fob@g@dgrogmoe”  (Igomoryg@o) YxGLegdo”),
boo@dyen  Jlmgogdo o@ geobpgds. sdolmsbsogy, dg35Gm@E0dgool dogoy®
930mgeom30d gddo  assbgmol  (3g3o@mEgE e ®-dogoy@o  jog3do®gdo)
saomo  dgodangds  dgds@gmdgl  sGs “dmlobrmgdy godgoReby”,
OOamO3E s©Mg 0y dohbgymo, s@dgE 3MOF Yo GOSJBosb Jmdm@gdom,
3g®Mobgol  s@boll  Gooseydo  aopa®dgmgdol  os®gdo; o3 oMggdols
3009J30900 godlggansgobgdydo gm®dol LbEOYJA@st  Jdbol 3m@Fyero
B®oJBgool odygaog.
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e 39M0obgol  o@bl  opa@dgangdl @y yo  fmegdbymo  s@bo, @mdgaoi
dbogme  Joamsbpomzodgdomss  ysdmggboao. 9@ agegdds  dgodangds
3o053390mb  Jobsbwg®g RoORoRs o oI3godo ©sogml Mm@ JoGmdom
Lgadgb@ow: 0bG@sMmd g @ ©s 0bG@S3MmOF Y Lgydgbdgdsw.

© wydoagoo oogol  dbdog  ggogdodrgde  gdgodyl  0bHytmmdygey®
bomgeol Lowobo®gdl.

e )@ ymsdo3 ©o 0bFghmmdygmmy@ds  bowgmols  Loobo®doi  dgodengds
3oboEoml gobBm@gs msgosbmo gmbEoboydol bgdolidogd bsfoendo.
3obomgoaolifobydgaros, @M Jomobyomaohgdo gx@grms 3gHg0mygbgmo
xaga0s (Alpini et al., 2002), Gmdgmoi sbOgegdl Lbgoslbgs LE®YJB YO
>  gobomemmaoyg®  gybjaosl:  godmeggbl  bowgmols  gsdmdBob  Lolidgdsl
(Saxena et al., 1999; Ros et al., 2003), sLobmgbgdl /o6 2odmygmal boswgaols
3M33mbgb@gdl o 3gmol bswgeol 3mblLobEgbiosbs ws ©obgdsl (Ros et al,
2003), Fo®m3moagbl 0bF@om@aobymo Boz9@BoGYO0 ©@gamgsbo gx®gogool
©g93mb (Theise et al., 1999; Roskams et al., 2003; Sell, 1998; Baumann et al., 1999),
dmbofomgmdl ds@@oJlbol LEsdogryg@o 3mblE®yjaool dgbos@hybgdsdo, sbggg
Q0dMma 9b9bdo (Roskams et al., 1996; Kiss et al., 2001; Hytiroglou et al., 1998).
dgbodarms  Jomobyomzodgdl  pookbeglh  bbgs  ggbjgogdos, G®mydoa
Xg® ob LOgmoee @bmdoamo 5@ s@ob. odobmobsgy, 2o9M33939800s, Modwgbo
39b6Jiob ‘dgbegan gds ‘dygdgos Jooansbaomzodgdls 9O 0 OO 90 > (.
b3goseobo@®gdyao 3320 93900m (039bm3olEmJodoydo dg@gdgo >b
90 9B mbymo  JogOmlgmdos)  Bodyg®o  Lobjolb (6 dogdmbby  bsgangdo)
sbomangbddo swdmbgbogn 9300 gE0m30RA M 939Bglmds Jomdmo@agbls

9]Bgmgdol aobogzggmols dgdowygbgenls, meydzs, 0dgosmoe obobo gaobwgds
3o 3990,  “obpogou®o”  gxdgegdol, domo  Jgodg  a®mggdol b
»390moEy®o  d0dgdol”  Loboo. ‘dgodangds  gogo®ogmm, ®md  bmgo o3
YXOgomsysbo @godedo bgogds Lobbgols bsgomseb ghmow (bdodoe gl ¢bos
brgdmEgl @opobe-0933Gm®ol b3gaogogao gomog@ndgegsols 3gdsbobdom).
dop®od, d5doboi go, Gm@Es olobo @godedo dgdmeols go®gesb, 35063 Idod ™
3°83d00Tdos  @godanol Fogosgol s@OLgdye  LEHOYJHYOgomsb. sdolbmobsgg, o3
303mmgdyco  LEHOYJHYO0L  gOmosbo, Lsdyobbmdoangdosbo  gmblE®ydiools

©gBoydo Igbfogmols dgogagdo x9® 3bmdogro @ s@0b.
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QOO MM 2530390 go Y00 G gedobegomyoom “09]®9ey6o
3OM@0PJOS(305”7 9V mwgds 350 MY0YE damds@gmdgdols OAML

3odMoga gbdoo  gdomgmy@o YO g gdol 3m3gamsiosl, Gmdgmoi s@obodbgds
3935@mE0Ggdobs s 3mOGY@o ggmgdol doxbobyg. sdolbmobsgg Lodygoms gl

‘d9V9g0e@gds gmggemgol o©gg339H9®@o gga sboboglh gomo®gosl, Gopasbsg
3OM@0xg@e3oygmo  Mgejaos  dgodergds  smdmgbgl  s®s  dbmemo 9339

>Obgdyamo bowgmols Loobsdgdol 9x@gegdol, osOsdge gosdBoggdygero  ©o
00959096300 dso gMmgabo YxOgEgdol, o6 03 Yx®gegdbol Jmbsfomgmdom,

Omdmgdo3  @godedo  sedmbbobgb  o@gyg@sizool  gbom s asboEswgl
00959096300 9ds @godmol Yx®grgodse (Petersen et al.,1999; Theise et al., 2000).
03305050,  3HO@oFIH0G dgmo  YxOgegoo  godmgds  Foddmoeygbegl
39353 ™M30Hgo0l dogos@ygao dg@odmsbool dgegal (Desmet et al., 1995).
1957 §. Popper o mobosg@mems dogd (Popper et al., 1957) 3g3s@mammyoy®

0B g@oRy@sdo  dgdm@oboano  odbs  Fg@dobo  “ydBymygdo  @gsod3os”. ol
39obbdmdl  Ggodaosl Y yg®o  ggbm@odom, dglsdanm, dopa@sd oMo

>930gomoE  YJHIRYIO0  dabgbom.  gb  Foddmowggbl  mobsdgrdmgy
mbgmemy0sdo ©sdg3000 9090 3OsJBog0l sbogmmal (Gmglsi bgmdansbools
Lobgano  osbobogl  dob  ggbm@odl, beoaem  Lodbogbol yYx®goymo a969%o
gymggomgol  3bmdogro o os@ol). @mgm®dE 9339  owobodbs,  @godando
9B gmmgao  @gojool  gdomgmyg@o  3md3mbgb@ol  Fyodm  bdodse
b ylRgdgmos: ol dgbodanms oymlb  bowgeols Lowobo®gdol 4fg@oeglo
25b6A™mAgdgd0, ob  Godgymsigool  gbom  Ygdmlygmo  gx@gegdo  (momdol
d0gaeogol  dgaols  Bgobosb) b Jg3o@hmEoHgdol  domoygdo  g@Hosdmobos.
0g0m “®95]305” 3o dmoiegl g3omgmyg@o ggbm@odol gx@gegdol, Sbmgdols
YXOgegdoll s LHO™Iol  3md3mbgbdgdol 03  jmI3egdly®d (330 gdgdl,
OmIgeoi @god@do gomo®Egds Lbgopslbgs dsmmamyoy@o dpamdsdgmdgdols
OO ©s g5dmobodgds Yy JoblE®ydcogdol Gomegbmdols Jos@gdom.

>@bobodbogos, Gmd Jodggmsr Lim@ge ©9ldamgto @Ggejgool @nl
3odmg@obes g3omgmydo 3md3mbgb@ol gxdgoms Jbgoglgds oM Eobmygbgbdo
dmbofomyg @by gdol “mgomu®d gxdgogdmsb” (Farber, 1956; Gerber, Thung,
1992; Gerber, Thung, 1993;  Roskams et al., 1998). sboagmpog@op, ULbgopslbgs
3ommeEmyooll 300mbg6do  ssdosbol wgodeol  Jlmgoeols 3geggol @AMLSG
bdo@s 9> obgmo  Fg@dobgdols  aodmygbgdol  Lokodmgds, Gmam@doEss
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“Mgo@y@0 YN Mg gdo” ob “mgsmy@oldlpysgbo gxdggdo” ©s dJobo (Roskams,
et al., 2004).

do@momos, s@Olgdmdl Ibgoglgds swsdosbol o Je@O®bgmgdol mgodeols
©gOHMZgob PXOgegdl ‘do@ols, dop®5d doOmbgagbdols Lbbgowosbbgo
9Jb39®M0396F Yo Jmegamgdo bylEoe g9® obobogl sesdosbols m@asb0bddo
dodpobodg 30m3glgdl, @ol aodmi  g@mopsodsgg Bgmdobgdol  asdmygbgds
gymggmgol  aodo@mmgdygao  o@  s@ol.  dogomomobomgol, dp@@bgangdols
©godeol ©obosbgbolisl mgomy@do  Yx®gegdbol godmgggmomo  mgolgdss a-
Q9HM3OMEgobol  3OmEyJaos,  35dob  OmEglbsi swsdosbols  @godendo
9B gmmygao  @godgool  @AmL o8 dodgg@ol  gJLb3dgbos  womdol  o@
>®0b0dbgds. 3M03oGgddo 3oMoyeo 39353 9Jd™3ools Jmwgmols ggaggs sbiggy
sobAY@gol  ybesdgbGydo  2oblbgoggdgdol  o@lLgdmdsl  swodosbols o
doOebgamgbdols Bgy9b690s5300L gbmdgbgdl dm@ols (Gaglio et al., 2002). sdwgbog,
ssdosbol  @godanol  dodo®m  Jobobdgfmboamo 5@ s@ol  dohbgyaoo
B9M30bgdol:  “mgo@ydo YO Yegdo”  ©s  “mgomy®oldlyoglo  gxdgogdo”
aodmygbgde.

osdosbgddo 53 YxMgegdl  gdxmdglbos  gfmeml  Fyomgoydo
(063 gMdgeoyao) 3g3s@mdooyg@o YxMgEgoo. dsmo ©osdgddo smgdoGgds 6
dogembl oby  d9Mobyols sGbols beo@dogny@o gxGgeol,  (Igomy
Josbagomzodol)  Lodygoemm  bmdsl s bogangdos 40 dogdmbby -
39353 m30Hgo0l  Bodyd bmdobg. Lbgs dobsboosmgdangdo olggg dm{dmdl dom
@3doy 39bgdol (Omam®3 39353 m30d o0l, sbggg Jmesbyomio@gdols Ibgogll).
gl 93039 gl ymgeolbs gymolbbdmdl domoy@o (CK 19 ©s 7, OV-6) ©o
3g935@m@odgdol  (HepPar I, oandygdobo,  a-1-s6Go@®odlobo,  dogos@yano
2 03m30mAF g0bo-1,  Gmdgmoi  geobpgds  3meogemmby®o 56 0-CEA-0ls
gobosgoggay®o  dgmgdgom,  0dgosmee  A-ggH™m3IOmBgobo)  SbF0y9bgdols
gOnamye 943G gLosb.

sdsbmobogy, Gg®dob “mgomyco YNG9 gdols” 2odmygbgds
dobobdgfoboaoss  dohbgyeo @by gddo  @godaols  dJm@ORmeEmyoy®o
3393900l @AM,  JpOEbyegdol  mgomydo  YxOgEgdo  ©s  ssdosbols
063 gMdgeoygeo 3g35Gmboos®yYo XMoo 0YPdiEe IMOROEMY0YAS®  ©
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53530MMYo©,  S©sdosbgddo  Px@gegdol o3 mgolgdgbol  ©gdmbLE®S30
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Fo@dmodgs o©sdoobgddo gJbB®adgds@yeo ©s 0bG®odgds@yeo Jowgl@obol
dobGmemyoyg@o  ©0xgmgbiosiooll Igpgmmdol  bogydggewby (Rubin et al,
1965). dohbgyenos, G®I Godydo yddgws Fo®dmoddbgds 9339 >OLgdyeo

9dB ol 3Gmmogg@sgool  dgogyoe  ©o  aoohbos  3ydydo  Yx®gegdbom
sdmggboano d3og0m Lobsmy®o (Jogomomo@, goMmspggddo bowgamol Log@mem
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©godgwol s bomgmol abgdol gobysmobsizool Jgmmegdol ©obggfsd
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©9]O@gd0l  dodwgdstg dodGodbol, IgBobaols s@Gbgdol s  E]HH@RG@0

095J3ool dglobgd.  dmermdeg 35dmyYz3ergzgeos, YR gdol g3omgay@o
3Md3mbgb@ol, 3g3s@m@Eodgdol, wgdmgsbo s bbgs 9x®gogdols s sbmgdols

YOM0gOn Jdgegdol dgdsbobdgdo (Crawford, Boyer, 1998; Lamireau et al., 1999; Gouw
et al., 2001 ; Desmet, 2011);

44



AILORS RS JINMRKRIS(O

ddt3d®@03I6BHIR( IMRIKIS0

L. bopgmol  Log@omm  Losobs®ol  mimygboon  bopgmol  dgadgdols
JmEgmodgds

bo@gamol Log@omm bowobs®ols po@sygebdgs aobbm@Ezogmes 20 33060l
sbogol Fisher-ol 3086 godmopggdby. m3gdozosdpg 1 ggodol gobdsgenmdsdo
Y3905 30Omoygs 034mMmBJomEs  JmbBOMm@mo®mgdo 30M™dgddo, Us3390mob ©o
Fgommob LEsbps@@yemo ©sdggdom.

boganol bog@omm Lbo@obos@ols o5 335bdgs 3obbm®oga s
LEobpod@ygmop, Lee —ol  dgommpol oswpég sefgdomo  dmeogogzsEoomn
(Kordzaia, 1990), gog®ol bo@gmbol  godmygbgdom.  bmpswo  bodgmbol
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OomEgbmds LEASA0LE049M0 dmbo39dgdol sgdzod o aosboamobgdobomgols.

d0LBO@ma0s ©s 0d9bmdol@mJodos
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0dgbemdoliGmodoydo dgomegdom, Jagdon > g@oo 3OOHOO@ol
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0399bm3olEmJodoydo 3odmggaggobogols 3°dmygbgdege 0dbs 3
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Cytokeratin, prediluted (abcam(ab961)), OV-6 (R&D Systems; Catalog Number:
MAB2020) s Ki-67 (abcam(ab16667)).
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dmbodbogl Fgoges o ¥udg 0HMIINoB0bgdl.  0go  asdmoyggbgds  momJdols
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dgm@o 5bBolbgymmsb (Rabbit Serum (abcam)) 0bjgydsios 1 Lm, 1:600.
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2. aoyobyao daemygdo 0kGgdmes 5 H3-ol Lobjol obomagdowe -140 C
}9339058Mobg o RBoJloMPdmEs FgmoGobom osRs@Y M@0l bodk@gdby.
bobdm gy Fgbobgolomgol demmzgd0 moglwgdmws  -20° C dgd3g@sdmesby.
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3odmogagbls  OV-6  obBopagbl  @gdmgsbo  gxdgogbowsb  [o®dmJdbogr
9bRmEyGIgaE JxOgegdby

Ig 3eosbo: mouse IgGl.

0396m3olFmJodoydo @Ggsodiool dgommeogs
OV-6 5b@olbggmo 35@550bol sbsmegdby:

1. 36G550bol danmizol ©g3s@oxgobobsios s @gdo@s@ozos.

2. g0Jboos 4%-006 3oMogmmdomegdoedo 10 o.

3. 90093bgs PBS + 0,1 % -0s560 BSA.

4. 5059bmy 9690 390 mJlosbols dgrmzo PBS + 5 %-05b0 obol d@s@o, 0,1
%-0560 FAGoRmb X-100 s 1 %-0560 BSA 45 (o-oli gobdogermdsdo, mmsbol
®9339O50 M by.

5.35M93bgs PBS + 0,1 %-0560 BSA.

6. 30039 SbRolbgymmsb (OV-6 (R&D Systems; Catalog Number: MAB2020)
063905305 dmgao @sdol 25635g3amdsTo 40 C Bgd3g@sdn@sby 1:10.

7. 35093 bgs PBS +0,1 %-0560 BSA.

8.d9m@o0  obGobbgymmsb (Goat Serum (ab7481)) obgygdsigos 60 Fo-olbs
3063530 mbdsTo mmobol F9d3g@sdydsby, Lodbgangdo.

9. 35Mgbgs PBS + 0,1 %-0560 BSA.

10. o5bBogygb-obBolbyymol  dggogdodgdol  gobysegobszos  DAB
JOmImagbom (005dobmdgbbowobom).

11. 3bROsG o dgwgdgs Harris 39ds@mJbogobom 30 (.

12. dobmobyo.

OV-6 5b@olbgygao (god4obsg sbomangdbyg):
l. godbogos 4 %-00b 3o@osgmmddsengdoedo 10 .
2. aoM93bgs PBS S5 (o.
3. 0b39do30s mbols d@s@do 30 (o
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4. 30Gggmom 56B0lbgnmmsh 0bgndszos 18 Lm. 49 C {gd3g@s@damsby OV-6
(R&D Systems; Catalog Number: MAB2020) 1:10.
5. aoGgibgs 3X5¢m, PBS-9o.
. 3ge@sE SbEolbgygmmsb (Goat Serum (ab7481)) 0bggodsios 1 Lo, 1:600

. ©09300OSBS(300.

6
7. ao®gibgs PBS-Jo.
8
9. 3599bmabyo.

Ki67 antibody [SP6] - 3®m@moggmsEools 3s@3gho (abl6667).

90 9356@YOmds: Ki-67 o5bGoggbo gx®gool (og@msb ©s3sg3do@gdeygano
d0OMgyE0 3m@gobols 33 ME 0300, Omdgeno(3 943G gLboMgols
dm3OME0g9Mo309 X OJJodo Pxdgool gogmol gzges gsbsdo: Gl, S, G2 o
M. dmlggbgdyee 9xdgrgddo (GO0) Ki-67 obBogygbo o6 gawobpgds. Ki-67
sb@olbgyero 2odm0ygbgdo Lodbogby® 36m39Lgddo YX g gdols
3OM@0xgOo309mo  5JBogmdol  wobswygbow. Lodbogby®d Jlmgoagddo Ki-67
0bgdlbo  3Omybmbymsw  YHmemegds  modowobon  dmbodgbol  0bpgLl.
>OLgdmbls d3o3®o 30O JE (300 obSE Ki-67 0bgJLls ©
dob@m3smmmmpoyg@se Low Grade LodlLogbggdl dem@ol. Ki-67 @9g@obyens
3>3004gbgds gxOgEol Gogmobs s 3Gm@ogg@szool bgodmbym @ jg@s.

9Jb3Ggbools aodmgengbs: doGmgyeo.

3obboggde:  0dybmiolmdodos  3o@oxgobols  Sbosmengdbg ITHC-P:  1/100.
aodgobog sbomergdbg IHC-Fr: 1/1000.

03996m3ol@mJodoydo Ggsdzool dgmmeogs:
Ki-67 56@0lbggemo (35058060l 5650 gdby):
1. 35G59g0bol dgnmjol ©g3s@ox0b0obsi30s s Mgdo@s@ozoo.
2. godlboigos 4%-05b 3o@ogm@dsamegdowdo 10 (o.
3. 2oMy3bgs PBS + §@o@mbo.
4. 5&ogbpmygby@o 3g@mJbosbsl dmmyzo 2 Lm-ol gobdsgermdsdo 229 C
G9939058m5bg 5 %-006 BSA-mob.
5. aoMgibgs PBS + do@mbo.
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6. 300g9mo© SbAolbgymmsb (Ki-67 abl6667)0bgydsios, PBS-T + 1% BSA,
18 bom-0ol gobdsgarmdsdo 49 C 39d3g@o@pmodby, 1:500

7. ao693bgs PBS + @@o@mbo.

8. dgmdo obBolbgyemsb (Rabbit Serum (abcam)) objgydsigos 1 Lm-ob
3563530 mbd5To mmobol Fgd3gao@ydotby.

9. aoMg93bgs> PBS + f@o@mbo.

10. 5bB0y9b-5b@olbgyeols ‘d93°3d0@gdols 30bygoa@m0bo300 DAB
JOmdmagbom (005d0bmdgb6bowobom). 3MbROSLE Yo dgmgdgs Harris
3g3s@mJLognobom 30 (3.

11. 3sy9bmobyo.

Ki-67 5s6@obbgyeo (3390653 sbomengdbyg):
I. godlogos 4 %-05b 3o@ogm@dsagdodo 10 (o.
2. 3oM93bgs PBS, 5 (o.
3. 0bgygdo300 g@eeeols d@s@do, 30 (o.
4. 3oGggmom 56@0Lbygmmsb (Ki-67 ab16667; 1:500) 0634905300 18 Loy, 49C
}9d39oHaby.
5. godgibgs 3X5 o PBS-To.
6. 3gm@oE SbGobbgyammsb (Rabbit Serum (abcam)) 0bjydosios 1 Lo, 1:600
7. aomgibgs PBS-9o.
8. wgdo@®s@ooo.
9. 3599bmabyo.

3°4obygeo  mgodawol  bodydgdol  Sbomengdo  dmIbops  3OoMLEGHSG
dog@m@Amdbg (Leica 800 Cryostat Microtome CMI1800). aobbm@Eogees
3935@mJbognobom. Ki67, OV6 s pan-Cytokeratin 3mbo@og@mdols @omwgbmd®ogo
‘dggobgds dogroy@o g3omgeoygdols s 3935GmE0@gdobomgol aobbm@ogees
(GO~ 39 00MYYEro bodydoEsb psmgamog obs dobodyd 500 Igds@mEo@o.

dogroyg@o  g3omgeoydol osmgms aobbm@ogmes Ibmanme 9] aegdols
356033390 96%byg (cross-sectional profiles).
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bowgmol  ©7dd Y gdol  Gompgbmdol  dgbogelgdmsw  gowgdwom  dom
Lodgoerm  Oompgbmdsl  mommgymo  bodydol 20 ggedo, 3gM03mOE Y@ O©

(BoOmm s 330079 3OFHY@o GMo]Bgodo) s 0bFBsEMbyYm @M.

950 9]BO0gmagbo ©s 039bmdem@abao
bLLm-sb 24 bo-ol dgdpamd domgdyemo @godenol  Jlmgoenol bodydgdo

35940bga 0dbs mbggo sHBmEdo s LY®sgsw d3mdmygbobws 20 mM Tris-HCI1 (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-ols ‘999339
30mAFgobs 0bdodoGm@gdols gmHgomdo s o3 bRMoRnyys 1000 3&9bbg - 10
Famol gobdoganmdsdo.

‘dgdeamdo sbagnobolomgols 3odmygbgdege 0dbs bg3g@boBob@o
(d0AOmggdolash mogolygsmmo dmdmygbs@o).

Lbodmanmm  5%-05bo 3mb3gb@d®o@ool dobowgdo 3dmdmygbs@dol g@siosh
©o9doBo bo®®oydol msaom Lbymas@ol (SDS) 3mbigbd®o®gdbyamo blbs@o.
g4ggo  gdsdizosdo ool 3mb3gbd®oEos  3obolsbwgdgdbmes Gmam®;
dgmmnbgeo - micro bicinchoninic acid protein assay kit (Pierce) gamoyenebiT. 30 ¢
ool 999339800 s@ogm@Bgdo asdmygbgdym odbs agemsb dodo®mgdodoc.
SDS-age0 gang O mazm@dgbo s Western blotting {o®odsdms bgdmm sefgdoao
dgomEogol  yodmyggbgdom.  Gogol  HGbLygdol dgdegy boGOmEwgmmbol
d93d@sboby bpgdmes dgddbdsbgdols dgwgdgs Ponceau S solution dgdggmdom,
3ogols A®sbbggmols © ageols 9bmym®dygao oB3g0Mmgols
oboslRyhgdamsw. dgdpamd dgdd@msbgbo 0dgibgdms gmbgs@dy®o d9xn9@ol
blbsmoomn + 0.05% Tween 20, d9dpymd bogdmes o0bgygdszos bsdol d@s@ols
sandmdobdo s 0wgdgdbmes 356-30HM3gMoB0b96bg Mouse monoclonal [AE1+AE3]
(dilution 1:100 Abcam, ab961). >mbodbyao osbGolbgyemo Fo®dmowagbl dgogs o
B399 GoHMIO>H0bgdol gmJ@Hgoab.

L oboo®@ o 0d9bmJodoydo 2odm 33 93950 dodobs®gmdbs
3900 JLosbo-dmbodbymo dgm@swo o0bBolbgyagdols ©s SuperSignal West Pico
Chemiluminescent substrate (Pierce) godmygbgdom. danm@gdo gops@sbogn  0dbs
Loabognoll  oseJdol  golbod@mog@gdans  (obslfo®  Sensitize  (Amersham)
obboggdyger G963 3960l Bo@gdby. 30RMIYOsG0bgdol Loghmm gmdsjiools ©s
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obggg  Gom3gumo 03 M3gtedobgdol  g@sJ3ogdol  dgbodsdolbo  xodggdols
M3Gogyco  Lodyzgmogg gobmdogr ogbs LabWorks 4.0 (UVP) aodmygbgdom.
SYBMOSOMAMSR0 Y0 3O06MS(300 bogdmes M 0MM YD 90 do

bogmbd@mamm  xagnol  godmspaggdol @godaols 3mdmygbs@ols ‘d9d(33900
mnbo  LEsbs®@Gol hodmgom. mommgyeo  LEsbpes®@o dgoeges  Gomols

Logtmm  Gompgbmdols 15-60 o@-L. ®m3Gogygdo Lodggdogg aobolobmgdgdmws
HOGo@ Y@ gogol  ©s  Gomgggo  GoH™IOGobydol  Aomegbmdol
30m3m@ogms© (ob. bydsmo Ne26). gm@mbg [os@dmeagbogos dmbszgdgdo,
Omdmgdoz domgdgeos gdl3gmodgb@geo bodydol GmEomydo 3OmGgobols b
3o 3990 (0bpogoy®o) 0B MggOsBobgdols ®m3Gogy®o  Lodzgmogol
F9Bo0gd00n  (Logobhomme — ob  gJb3g@odgbhgmo  xagaol  godmoygol)
3304960 b0d33M039bmsb, @mIgaoE 03539 SYHMASOMaASRbY go@odbBo3z00m
LA obpod@ygmom dgglodsdgdmes Gm@omy®o 30m@Egobols 30 a®-L.

53agoMm0  dgmmeomn  Jowgdygamo  dmbszgdgdo  Fo®dmowagbl  Hm@owmy®o
3BOO™M39OoB0bgdols ob (382 3900 (0bpogo©y®o) 30H™M3gOoR0bgools
“d9BoMgdomn MsmEgbmdsl” (ob. dgogagdo). d9dpamd bgdbmes gom@@gdol
oM (3580 393900 ©S 36 Fgobols 0©gb@ycdo om©gbmdom ‘dggligds
obBdEgdbmes 39dd@sbol  oj@obomn dgmgdgom (antibodies from Santa Crus
Biotechnology Inc).

LEs@ob@oggdo sbsgnobo
9000 3oOmsagol wgodeosb Tbspgdmes gOhmo bodydo. bodydol bemds

99950 93mEs se@gm 94390396390

©IH I 30mGoagdol  (35b0gg3gmgdol)  LoBgsmm  @omEgbmdols
oM@y brgdmes monmgymo bodydol 20 Ibgrggmmdol ggmTo: jo@ol ggbol
306m3005© ©oEo (> 50 um) Es d30Mg gomod@ols BmEgdol (< 50 um/) Yglbedsdols
QoOMM s 33009 30OFH e g9 gddo, sbiggg 0bGH@o@mbyeY@sw.

GOO™M3IOoR0b960L  Log@mm  @omegbmdols dgxnslgds bpgdmes one-way
ANOVA-390m@00.

IGO0 3OOgogydol  GomEgbmdol,  GoH™gIGGHobgdol  Log@om
GomEgbmdol, obggg obpogoysmy@o  oHMgg@oBobgdols  Gomgbmdmdogo
Vgpotgds  bogdmwps  t-A9bEol 399390300,  GoH®gGsG0bgdol  Loghom
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Aomgbmdol  LEsGobEogy®o  sbogobo bm@EogmEgdms Mm@ gs@mdosbo
(two tailed) t-@gL@oom.

30650056 943940396300 ‘dgdama 333900050 3o0bs@ s
039bm3ob@mjodoygdo  dgonmwon  30HMIINsG0bgdom  dmbodbyemo  Yx@gegdol
@ogbgo, olggg GOeamag  boghom  30dmggts@Gobgdol  @smgbmds  (ob.
39002900), 0brogogom @0 30HMJgA>(H0bgdol glogebydmae godmygbydyge
0d6s gBmg@o305bo  t-GglBo (one-tailed t-test).
aboggmms  aobsfogmgds  ™m3g@oigogdols s 3gaggol  gowgdol  dobgrogom
dmEgdgeos Nel gb@oando

9Jb39@0d9bGH g0 “GeY”
990 @0 6LLem
RIR ©M39M5(300
9JL3g@0dy § (Lo gge 930
3OS bogmb@®maem
X5980)
X0980)
bLlm-ob 3g-3 Lo 6 2
bLlm-ob 3g-6 Lo 6 2
bLLlm-sb 3g-12 Lo 6 2
bLlm-sb dg-24 Lom 6 6

Gb@ogro Nel
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‘ddR3IBIBO

dobAmemaos

S 039b6m30LEMmJ0dos

bLLm 0f393b 9B g®o 30mPomgdols Homeybmbdols MMDY ©SIM o gdyen
do®gool. 39Mdm, FsOMM 3MOFAYwo  ggergdobomgols - F3,23=182.94, P=0.00001;

daodg 30Oy ggergdobomgols - F3,23=5.60, P=0.006; bogm o0b@®ogmdyayg@o
Lbog®d39900Lomgols - F3,23=48.78, P=0.0001.

GO9I bom3ghsiongd 3bmggegddo LEs@olbEogg®o sbogrobom  ©y]@yeyg®o

30 mgoggbols
(gb®ogno Ne2).

doBgoo

o0 2odmgmobs

5O

Aol

©abobga gogen

>Mgdo.

ROOMM 33 d3odyg 33 0bB® o md Y y@o
6LLM Lo 3mbG®menm 6LLM Lo gmb@®me 6LLM™ Lo 3mb@G®manm
(M £SD) (M £SD) (M £SD) o (M £SD) (M £SD) (M £SD)
3 Losomo | 4.931# 2.70* +0.07 240% +0.17 1.38* +0.04 1.47 ti# 0.18* +0.04
+0.23 +0.18
6 6.525# 2.68* 250# +0.20 | 1.53* +0.04 2.628 0.18* #0.04
bosmo +0.16 +0.04 +0.22
12 6.635# 2.60* +0.07 258# +0.15 | 1.53* +0.04 2.658 0.08* +0.04
oSO +0.13 +0.25
24 6.975t% 2.64* +0.23 2765t +0.09 | 1.61* +0.17 | 2.798 0.25* #0.08
bosmo +0.13 +0.20
M - Lodygo@m

SD -3 sbpst@uamo gosb®s

* - 3609369emgobo goblbgoggds Vglsdsdolo xo950b 0dsgg dmbsigdgomsb (p<0.05)
§ - 3609369 mgo60 2o6Lbgsggds 3 Losmols gdpgmd dmbs3gdgdmsb (p<005)

T - 8609569 mgobo 56lLbgoggds 6 Lssmol Vgdwamd dmboigdgdmsb (p<0.05)

- d60d3bgemgobo 2oblbgoggos 12 Losmols Jgdpamd Imbs39dgdmasb (p<0.05)

# d60dgbgarmgobo 2oblbgoggos 24 Lossmols dgdpamd dmbs3gdgdmasb (p<0.05)

Gbooaro N2, wajdmargdol Gom@gbmds yodol 5960l 0@ mdomsw oo
(> 50 um) s dio@y Jomod@mol G0@Egd30b (< 50 um/) dolbsdsdol qoGme s 00y
JOEG g g9erg do, obggg 0bG G P Q.
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Go@ogMo  §30mgEon30H oo s GgoJhogmo  PIHImgdol  YX@IRIS0
33390Go0 3mbodog®o ogm CK-ols s OV-6-0l dododon 3gerggol yggers gowsby,
3935¢™m30d Yool 0dybmiolbGmdodoyg@o  3GmRoeo 3o 0EgegdmEs, 39O dme:
39350™m30dgd0  CK-bgyodoy®o  oym  bm@dymem  ©s bllm-psb dg-3 s 3g-6
Loomgdbg. Bog@sd bllLm-ob 99-12 ©s 24-g Losmgdbyg dgds@mEodgdols bosfogro
ogemgbs CK-ol gJlsdglosl. sdobmsbogg 393s@mEodgdo 33eggol yggems gowoby
OV-bgao@oygdo ogm. Ki-67 —om dgwgdged 3960 a03mogemobs 33O m@oggdsioy
PG 9g00. (GbGogo Ne3).

do® 390 CK Ki-67 OV-6
c [} =]
£ S < ® c S cih. | o S ca .
S | D §Sc| & |2 TN = D &2
D) c o 0 ) c o c D) c o c
£ 15) £ 5) £S5 | S 5) 758
| Su¥l 5| g Szl 2 £ | 2UZ
) c L) = = c D) > ):‘[ 1) C o g
D) Q o ‘@‘8 = < ™ §2 D < n §9 2
£ £ <
6@ do + - - - +
bLLm-sb _ + + _ _ _ _ + +
d9-3 Loomby
61)1)(‘7-5{)06 _ + + _ _ _ _ + +
d9-6 Losmby
bLLm-©ob +/- + + - - - - + +
d9-12 Losmn by
bLlim-sb +/- + + - - - - + +
24-9 Loson'by

Ggboogro N3 odybmiobBmgodoymo  do@yg@gd0b  glbsbgbos  bbgowsbbgs
DX OIQ 0 I3 S30930b dog@m — p9arg50b go@gdolb dobywgom

B9 ge0  3Omgomagdol  AsmEgbmdol  Lo®@(dybem  dmds@gdsl  yggeoo
3odmygm g 5Mgdo seaomo 3Jmbos blLm-sb ¢339 Lsdo Losmols dgdwoymd, 24
Lbosomols dgdwgy 3o, domo @oibgo doflbodogy®dl om{gges. sdobmobsogg, Bo®mnm
30@HYL  3ggd o ©o 0bHAS@MbYmYGhor ©YIHYLIool Gomrbmds djggm@ae
do@yemods  3o@ggeo  Lodo  Losmols  gobdogermdsdo, 35Tob  Gmweglsi  digoty
300G ggegddo gl doGgos mobposmsbmdom bmdGogmegdbmes (by®. Ne3).
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Bo®0)(M 33

7.5 6.97
70 6.63

3.0 =
2.5 = = u
2.0 2.7 2.68 2.6 2.64

-3 Lo 6 Lo 12 Lo 24 Lo

— fllm —m (367 ™3

3B0®mJ 33
g-0 2.76
2.8 258
2.6 2.4
2.4
2.2
2.0
1.8
1.6 T —{1
1.4 - 1.53 1.53 161
1.2 1.38
1.0
-3 bo 6 Lo 12 Lo 24 Lo
—& 6LLm = 3OY ™3
06B3®ORMPINRIOH0 o™
3.0 2.79
89 2.65
2.6
2.4
%% /.s.:__*/“
e
1.4 L 4
1.2
1.0
0.8
o5
0.0 N1 n19 0.25
-3 bo 6 Lo 12 Lo 24 Lo

—4 bllm —= 367 ™3

boy@. N3, o b aerabo 3G0%0a930l Gosm@gbmdol dsBgdol wobsdojol §Gs90,50
bogganggo o@g9930b @ 976390089650 go@ydolb Jobgwgom
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shogno gy gdo 3Gmgomgdo  dgobodbgomes  yggms bmdol  3m@Fyero
A®oJHgool Josdmgddo — goBmmesb dzodgledeg (by®. Ne5,6).

Ti‘l‘t';-h“" ¥ ol
e RS
. . b

o
o
'

bym.  Ned,5,6. 4 - bsdyyombs  ob@gdom  Jobodbydmaros @b o a@o
SOmR0agé0  bbgowsbbgs  bmdol SmGEaa  g9argddo  6bbm-psb 6 bosmol
d9dwgs. CK, X250; 5 - bodypyombs ob@gdom  Jobodbydaaros @b o amo
SOMmRoargé0 bsdynsarer bmdolb so@EBaa ggardo bbbm-psb 6 Losmol dgdoys.
CK, X400; 6 - @ujdaeado 3Gmaqoagdo diody bmdol 3mdEaamo  gg9aob
dodwygdodge bLbe-psb 6 bssmol dgdogs, HEE, X400.

Qomm o Ladgogrm  bmdol  3m@FyPe FOoBgddo  ©yBYegools
d60dgbgemmgobo  @omEgbmds  ysbmoglgdygemo  ogm  doGomspo  bamgenols
Lboobo®ols dmdo@esdodyg dbodglh — dglsdsdolo  go@ol  ggbol  Lobsmy@ols
39M0dgBGol aob§g@og (byd. Ne7,8).

59



boym. Ne7.8. @adbaemgdo gobaroggdaaos gomol 3960l 39G0d95@ by (bowgarol
bopobsmol bofobso@dwogsm dbs@mygl, X250; 6LLm-psb 6 bosmol dydwgs. X400,

H&E.
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A gmyto  @godEos  odmgmobs  0bF@o@mboymydswsi, dmbsbwghy
RoORoHobs o 39bGH@s@ Y@ ggbsl dm@ol - 3m@Fymo FOs]Howsb (bswgmols
Loobo®opsb)  @odmpgbodyg  oslgyao  dog@mbol  sdm@gdom. smbodbyano
A gmmgdo  @mgsmobgdgmo  ogm  obgl  LogdEggddo.  Loob@g@gbms
5m0b0dbml, @md o3 “bygmeydByegool”  dodwpgdsdyg  Lobybmowgdo Y@@ M
35609M0 094m, go®g 03539 dJowsdml Lbgs Lobylbmowgdo (by®@. Ne9,10,11,12,13,14).
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by, N9, 0. 9 - obGom dmbodbycmos 0bB@sarmdaaamo oS aars; bbbm-
@b 6 boswolb dgdwygs. CK, X400; 10 - ob@oor Jmbodbyaros 0bd@sanmdmar gmo
@aJSaes; bbbm-psb 6 bosmolb dydwys, X400, HEE.

bym. NellL12. 11 - ob@Goow dmbodbayaros obB@sarmdaaydo a6 agems wolbyb
bogiigdo;  6Lbbm-wsb 6 bosmol  dydwogs. X400, H&KE; 2 - obogdom
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dmbo dbaganos 0bB@msarmdagaydo @ daegdo wobyl bogdeiggd do; 6bbm-wpsb 6
bosmol dgdwgs, OV-6, X400.

bym. Nei3,14 13 - obdgdomn dmbodbaaros 0bd@Esgrmdaaa@mo @b aargdo
wobyl  bLogiiygdo; @obyl  bog@ig §ogobogmgdaaros;  bLbm-wpsb 6 bosmolb
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d9dogs, X400, H&E; 4 - ob@mgdoom Imbodbyaros  0bBGsgrm3ye g@mo

@aJB gergdo wobyl bog@igdo; wobyl bogdig 085609093 gaos; bbbo-psb 12
bosmol dgdwgs. CK, X400.

bgmydBdaegdol  godmdggbo  gx®gegdo  3g3sGmEodgdby  dzodg  bmdoboo,
dopa®od  (gdoamo  bowgamol  Loobs®gdol  aodmdggh  Jomesbyomiodgdby
@5dgbodg  owo. boslosmgds mgs@my@do, bmaxgd® momob@o®s Gm@dol
bomgmo dodmggdomn s Ifodo oGm3esbdon (Ly@. Ne 15,16,17,18).
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boym. Ne 15,16. 15 — bygoreaddaaydo Foarsgyob bowmdydo (wobyl bLogdeigdo),
bbbeo-psb 6 bossmolb J9dwgs. X400, H&E; 16 — bymwyidacrs Imbs bmydy

200206506 Jodwgds@gw, bbbm-wsb 6 bssmolb dgdogs, X400, H&E;
bmyxg® obobo Jdbol m®Td@0sb, LobEzoGoydol dbasogh Yx®gegdbol 3aslGgdl

(b, Ne 17)
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bym. N 17,18 17 — obmgdoo dobodbydmaros bym@anddaemgdo Jmbs bogdmy
206550080 Jodpydsdgwe, bbbo-wsb 6 bosmol dydogs, X400, HRE; 18 -
ob@gdom  Jobodbydyaos  bgmwyddaargdo  Foarsyol  bowmdydo bbbo-psb 12
bosmol dgdwgs. X400, H&E;

sbodbyeo  Px@gegdo  0dgbmbgas@oyg@os  IOmEogg@sEogmo  oJ@ogmdbols
dod3g®@ol, Ki-67 dododrm, mydEs mobsd@o@ o3egbl 3mbo@oyd gJlddglosl
356-30H™M3gOsBH0bgdoll s OV-6 dodsdom (Ly®. Ne19,20,21,22)
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bym. Nel9,20. 19 — obdgdoomr Jobodbydyaros CK-30boBommo @oddaargdo
bbbm-ob 12 bosmol  dgdogs, X400; 20 -  ob@gdoor dobodbydmaros OV-6—
s bodoa@mo @adaagdo bbbm-wsb 12 bssmol dgdwogs, X400;
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boym. Ne21,22. 21 — obGoom Jobodbydyaros CK-30boBoymo @ajdaers 6bbm-
wob 24 bosmol dpdwgs, X400; 22 - obGoo Jobodbydyceros OV-6-30 boBogdo
@3B gers 6bbe-psb 24 bssmolb dgdeys, X400;

bLLm-ob dgdpamd 3g-3 s dg-6 Losmby 3g35@3mE0d o0 530 gbwbgb bgys@oy®
930 gLosl gggems bgdmm s@bodbygmo oM 3g@ol dodsdm, Jop®sd dg-12 o 24-
9 Losmbg 3935@m3o@gool 360dgbgarmgsbo Gomgbmds wowgdomn gJlddglosl
53 gbli 35b-303™M3g@s@0bgdol Jododm (Lyy@smo Ne 23,24,25).
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bym. Ne23.24. 23 — obdGoow dobodbydmaros CK-30boBon@mo @6 gergdo
I (5 o@v g do, bodymor bgwogdom dobo dbydyaros CK-3mboBon@mo
393506930,  blbbo-sb 12 bosmol  dgdwogs. X250; 24 - obGom
Jobo dbgdyaros CK-3mbodogmo  39358mG0od0, bbbm-wpsb 12 bssmolb  dgdwogs.
X400;

Adw .l

‘ k» rf"n ‘q f:
\‘ %

by, Ne25. bodymmbgwogdom dobodbydaaros CK-30boBon@mo 3935503005950,
bbbm-wsb 24 bosmol dgdwgs, X250.

HMmM@9b0 ©> 0d9bmderm@abao

bLLm-sb 24 Losmol  dgdpgy godmogggdol  @godenols  3mdmagbs@ols
RMoJ30900L Western blot sy m@s@oma®eigdbyg (ob. dgmmegdo) wosdgdo dgowgds
0opg0l  dmbemjammby@o  [AEI+AE3] ob@o pan Cytokeratin—geno (Abcam, ab961)
5b@olbgyegdom. bmengdols Jmaosbo ™3Gogyg®o Lodzg®ogol ©sdmowgdomgdsl
hoBgodmygeo o gdoll  MomEgbmdslmsb  bobmgobo  odmgogdymgds  3Jmbos
(obogogo gog0d@siools dOgoo (Ly®@. Ne26).

0ommgyeo  boao  dowgdgmo  ogm  gOHomo  bodydowsb.  bemangdo  1-5
Fomdmoagbls bLlLm-sb 24 Losmols dgdwgy swgdyen  bodydgdl, bmengdo 6-10 —
GO bom3gMo30gd0  goMmoag9d0sb  swgdye  bodydgdl.  bmengdo  11-14
Fo@dmoa bl Logmb@dmamm  go®mopggbol wgodeols gdo®mgm 3mdmygbs@oliogsb
dowgoyan 4 LEobps®@ e  bmanl  hs@godmymmo  oggdols  dgdpgao
GomEgbmdgdom: 15, 30, 45 s 60 pg - dgbodsdobop. ageols dodxggbs dbodgl

69



ob®gdom  bohggbgdos  Imengiaey@o  Fmbol  LEsbps®@gdo. agmol  dodibgbs
dbo@gl ob@gdom bohggbgdos 0d 0HM3gAGH0bgdols 3mboigos s Imengsyemy@o
dobs, MMIgems MomEgbmdsdsi bo@Fdybme dmods@s (*) (Lyd. Ne27).

dbm e mby®o obBolbgyegdols 3™ JBgogo dgogo ©> 23999
GOAM3gOsB0bgdols dodos®on dgygzo3900©s m@0gg Xa9RoL (Logmb@@mamm  ©o
bLbm-sb 24 Lm-ol dgdegy) dgdwgao Jmaggygeg@o dobol IJmby 3OMEgoby®
xokggol: 66-68 y3emg@o, 65, 64, 56, 50, 44 ©s 40 KDa  @y3amg@o. m9dao,
bowgeols  gaydgdol  IJmbg  godmopaggddo  godmgmobps  jopgy 9O mo
©sdoGgoomo 61 KDa dmaggyeg@o dobol 3OmEgobo. dmbodbymo xokggdol
doggggeg@o  dobs  dggbodsdgds  300™M3g0sB0bgdol  dobsbosmgdangdls.
G0AMIgN5B 0690l Loghmm @smEgbmdol m3Bozyg®o Lodggdogg 3OmMIMA G0
04m 9Jdb39®0dgb@ol Jgegyoe dogdbymo 3MMmEJobgdols Gomwgbmdbobe.

5000 1
4000 -
3000
2000 H

1000 -

Optical density (arb. units)

1
relative amount of protein

N
[e)}




bygd. Ne26,27 (s gdogmds oboeng @gJl@do, ag. 69-70)
303 0M39605806940L Loghonm Asm©gbmds
939039630l ‘dg0 9o 3BOO™M39OsB0bgdols Log@mem OomEgbmds
d60dgbgamgbo o3gegdmes (F1,9=6.05, P=0.039). Loggergg x990 (bLLm-wosb
24 Losomol dgdpgmd) LogOom  30Rmgg@s@dobgdol Lodygogm  dggs@egdomo
doggemds  37%-0m  s@gdsBgdbmws  Logmbddmemm  xaggol  godmoyggools
dohggbgdgels  (t=2.46, P=0.044) (Lym. Ne28).

P=0.044

2,5 1

2,0 1

1,5 1

1,0 1

0,5 1

0,0 -

28

by Ne28. 24 Loosmosbo g/b39G0d9660 2 gm0l goGmoggolb mgodarolb doarosbo
356030(509,905(506930L b dnoarer  go@emdomo  Gom@gbmds  (0b.  dgomogdo).
Gomdogrgdol bsbgdo odmbsBoglh bs dnoarmydol bBsbos@d e omdogrgdsl: 1 —

boggemgg x8a990b 300058593 d0. 2 — Ea© b5m39H5(3093 20005839300 x8 293 do.
x990 do@olb 3obbgoggds bos@fdnbms m@m-pa@osbo  t-test -oo (P=0.044).

3o 3990 (0bpogoeymo) 3odm3zgas@obgdo
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SDS  ga0gd@®mam@gbols aodmygbgdom ULoggmgg ©s Logmb@®mamem xa9agdl
do@ol  Jgos@Es  @omyaggmo  0EMggOs@obgdols dohggbgdagdoi.  gobsowsb

ogoJlodes CK  -3mbodoygdo  w®godaols  gxdgegdol  @ogbgol  ©o
G0AMIgN5B 0690l Loghmm @omgbmdols 360dgbgenmgsbo 5@ gds, 0bogowey®o
GoH®™3IO>G0bgdol  glogobgdaoe  odmgoggbge  gonGsJHo@osbo  H-HabGo
(one-tailed t-test). bowgenol  Jgaygdgdol  dJmbg goOmopaggddo wosgoJlodEs
GOA™M3INoB0bgdols  yggms  gdsdgool  Lodygomm  @smegbmdol bO©s
Lo gmb@@manem N3 9BNS6 dgodgdom, 653 bmyso dJogmomgdls
GOAMIgOsE0bgdols Gomgbmd@og do@Bgdoby bLLm-1 30Mmdgddo.
3obboggm@gdom 3b0dgbgermgsbo 5@ gos wogoJlbods dgdogao dmengiyeg@o
dobols 30dmggdodobgdolomgol: 61 KDa (t=2.15, p=0.042); 56 KDa (t=2.20, p=0.038)
©s 40 KDa (t=1.99, p=0.047) (ob. by®. Ne27).
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356b0OR3S

bmgopoe dohbgymos, @md bomgmmol Lswobs@gdol (dsmo 3GMmGoegdols)
Oomgbmd®ogo doGgds dgbodammms ©s3ogdo®gdyeo oyml:

S) 9389 >OLgdygeo bomgmmol boobos@gdols 3OMeE0gg@siEosbmsb; sdsbmsb,
dm3Om@oggdoog  ©J@umgdo  0bs@hybgdgh  s@g  oMLgoym  bowgeols
Lboobo®gdmob dligoglgdsl;

d)  Lbbgs 9xdgegdbol  3Om@ogg@sgosbomsb (Joo  dmeol  @gdmgsbo
AXOIRJo0L)

a) bbgs 9gx®gegdol Jommsbyom@odgdse ob Joamsbpomzodgool dlLasgl
YN O g gdo B®5bloxngagbizoszoslmsb (dopomomog, 39350 ™m30Hgdob
30 Jdbon ©gH @Y J30mgE@onE0HIoow).

A gmygao  GgoJaool  Hodgdl - “Bodygal”’ s “sEodog@l”
3obLobgMogl  yggas  hodmmgaoano  dgdobobdo,  @OmImgdoi  Lbgswslbbgs
063 gblogmdom 30MoM©gbs mgodanols bbgowolibgo 350 MY 099A0
dpamdotgmdol @™l (Tavoloni, 1987; Yamada et al.,1987; Nakanuma, Ohta,
1986;  Rubin et al.,1965). 3d9@o0@E, bsbggbgdos @md bLlLm-ol gJl3g@modgb@yan
dmEgedoE, 350M@mA0g@0 Jamdo®Mmgmbdol aobgoms®gbol Lbgowslbbgs gowoby
bogds bgdmombodbyano Lbgoolbibgo dgdobobdgdols sbodg@®oygero
06 gbbogogoos. dspomoms, dn@wbyamgdbol mgoderdo Godydo ©Yd@ Y g®o
@95J3os mgo@bohobms bllm-sb 3-7 ol d9dwgy o uOMm 33056 3ogdbyi
(Georgiev et al.,, 2008). hggbo o@gymo Jgerggol Jgogagdoi oslRyegdl
Joesbyomzodgdol © 3935¢™30d o0l doBmbgools 3o0]B0ggdsl
Jo@gomdglol gopszgeobdgosb 399-3-4 @gl. dogy@ed odsbmsbogyg, hggbl dogm
og0Jlodgdygmo oym ©ydIegdols (Bsmo 3Hmgomgdol) Gomwgbmdols 5@ gods
bLLm-©sb 9339 @5dmgbodg  Looswmol  dgdpamd, Omegbsi @godewdo  ggo
sdmgohobgm JoRmbol gopay®dgdo. sdgodo gl oliggbs gowsdm{dgdymo obs
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3OM@oxgOs3ogmo  dodgg®ols Ki-67-0l  godmygbgdom. bLllLm-sb 24 Lssmols
3obdogemdodo hggh gg® godmgogmobgm Ki-67 -3mbodoygdo gx®gegdo. gl
BodBo  03go@mgol  Jobobmgdol, @md bomgmol 9@y gdol  @omEgbmdols
do@gds  bllm-osb  8g-3, d9-6, 3dg-12 s 24-9  Losmgddbyg, o@  o@ols
053533900 9d9gmo YxMgegdols 3Om@oxgg@sizoslmsb.

goOm-ghmo  dgbodenem  Fyodm gy gdo  3Omgoamgbol  ds@gools
‘dgodangds oyml bobowgerg em@{mgsbo xo®gygangbols (glandulae mukoze bilioze)
Lobomy@gdo, Gmdagdoi aobog@egds bLlLlm-om gsdm{gggeo dogroydo [bggols
do@gdol godm. gl gdygagds @MA YRO®M SEgoms Asbosb@gdgao yobogl,
300M.  gm@dsosl  bgdbo®mgom  dmgoGobm  @sdmgbodyg oyl ®siGosl  dobo
>®Jogoasb:
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b o@ygbB®s3E0goo  [oMdmoagbls ssdosbols s dsaol  wgodadows
bowgmol Loobo®gbol jom@mboymo 3Gg3oGoGgdol FmEAmgdl, @OmImgdbbys
300350 hobl Lobowgag anm@fmgobo xo®ggamgdols Ggoxnmgdoi (Jobodbgdyaos
ol gdom).

0933z Loggaolbdms, Gmd 3oGmspaggdl, goblbgsoggdomn swsdosbgdolisgsh,
olggg domangdol, go@gdol, Dbrgol amdgdol s Ubgs @odm@o@m@doygao
3bmggagdoliopgob, gooshbos  Lobswgang @m@fmgsbo  xod3gegdol  d3odyg
Oomgbmds. sdobmobogyg, domo 9dgHgbmds gobanopgdyaos mgod@as@gms ©o
>M>  @godgdos  bomgmol  Loob®gdby.  bmpswpow  dohbgyaos,  @md
m@{mgobo xo®3gmgboll GomEgbmds 30MEs306 3og3do®dos bowgmols d¢gdFols
5OLgdmdslmob s, dgbododobop, o3 xo0@ggagdol I9300bY@-60350dmbsG o
Lgg®gHom bowgaol d9dHowsb yodmbBmamomo 3mbigbd®odgdygamo boswgmols
BoA®>300l Loko®mgdsbmsb.

hggbl Bog® bLLm-ol dgdamd Yobamgl gowgdbg swdmbgboeno sbogno
©09]BgEg®o 30mgzgoa gdols Lobomgang @ {mgobo X060 3309500l
Lobomyg@gdmsb  googoggdsl  sbggg  bogergdoe  Lo®fIygbme  bpol  dsmo
AM3mg@og0s. hggbh gohggbgm, @md YAy gGo 3OmBoagdo aobaoygdygmos
30@F o ggbol 39M0dgBH by, bowgmol  Lowobs®gdolopsb 3dbodgbgermgsbo
o3o@gbom, bdo@sw dob  Lofobsowdegam dbodgl. odygods, bogagdow

Logo@ogoms, Omd 3@y g®o @95]3os ©ogo3d009dgamo  oymlb  Lobswmgeng
m@{mgobo xo®g3agdols Lobsmyg@ol aog560909b5Lmsb.
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Fo@dmpagbogro  Lyg@smo  hggbl dogd  wosxgoJbodgdygmos  bLlLm-psb 24
Lbosmols  d9dpgy. o9 bowgamol  Lowobos®ol  (dobodbgdyamos  mgo@do

Lodgygmbgoom) dodpgdety ©9ddyeg®o  3Gmgommgdo  (dobodbgdyamos  dogo
Lodggmbgogdom) gowegg dgodegds 250208909 0dbsl Lobowgmyg @m®{mgsb

X000 3380 90m5b, Lo@obs@osb ©odm@dgdygmo ©yddymydo 3Gmgommgdbolsngols
(d060dbgdygamos dogo ob@gdom) sligmo sdggds sOoMgo@yg@os.

T. Murakami-d msbosg@m@gdmsb goOmoe (2001) godmsoyggdol bowgerols
abgdols 3MOMDboyao 30 935G gdols doligobomgdgano 9509 ]GO mbyeo
dogOmbgmion dgbFogamolisl sefgds 3g@03m@Gymo  domos@ymo {byao
(Murakami et al., 2001). 88 {(byergddo bowgmols ©y]dyegdo  gO®mIsbgomls
93°8900©gds [gdoeo 5bslEmImbgdols dgdggmdom, @mdagdoi Jdbol g@mosb

doolidspgge®  (byal  3m@@ymo  ggbol  Fm@Egdol  oMygaog.  bomgmols

o9]dagagdol gl LobEgds Jdbol 9yx@m dbbgogr  ©yJByegdl, @GmIagdoi
3003 B@sJ@do Jdbol wgodemdows bowgeol Lowobo®gdl.




53— go@olb  g960b  Smdo  (3),  boswgarol  bowobs@olb  HmBo (@),
39H03mGG o doerondo  [byemo  (Jobodbgdyemos  Fogo  bsdymobgwogdom).
20960 JdBsboaos 3GmRYbeG dg@s5d0l bgdsdmmgoon.

3930J0mdm, LYmdge 39603m@@gamo dogos@ygemo (bymo Fo@ddmopagbl 0d

3bLEOYJiost, G edgools ‘dgdowagbgero 9] e gdols OBSONM YOS
3565300 MmdgdL 0]y @god3osl —  39@03mOGgmse  “sboano”

©3]damPB0  30MPomgdol  yodmgmabsl - bowgmol  dganogdoesbh 9439
(ﬁoamgQ{][SoBa oo do.

hggbl dog®  @sdmEgbodgxg® odbs  wogoJlomgdymo  CK-3mbo@oy®o
3bLAOYJ30s, GmIgmoi aodlL gbggmes godol ggbol Fm@gol. gxodOmdm,
L{moage sby 9bps godmoyydgdmegl os@bodbyo 3g@odm@@ygao  dogoy@o
{69900 3ob@memaon® sbsmegdby;

ob@gdom  Jobodbydyaos  CK-dmboBonmo  39@o3m@GE o doaron@o
@15 margdolb 206bBGa 30950, Geodargdon soml gbgggs go@ol g960L GmBgd b

0Ydzs, Gmymaig hggbl dogd odbs bobggbgdo, bowgmol  wud@ywgdo
bLLm-ob 6 Lssmdo gerobgds obiggg Fogsgol dopabom, 3m@dGymo GHsd@owsb

Lbogdome dmdm@dgdom. bsmgaos, Gmd 3g@03mOGYeo domoyg@o (bymo o@
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‘dgodangds oymlb ©s3o3do@gdygmo 53 LEOYJHOgoomsb. sdwgbow, obobo ¢bws
dobgobogomo 0d 9fgdomglbo boswgmol yddymmgdol, dom dm@ol, 39@0bgyols
sMbgboll  gobog- o golfgdog  d@oggdsw, Omd@gdo3,  mobobdow
Log@msdm@mobem  3mblgblylobs, aoogggml  dJmbsbwghg Godgodol s
3039 Egds Logdome do@dl, Fomsgzgdol Low®dgdo (Roskams, et al., 2004).

L=

Joomsggolb  bswgarol 3 b930L @ bogaro 3G 35GSBG0,  dsbyobomydgaro
9IS b0 Joymembymsos. BD —  bowpgerolb  bowpobs@o, DH — 39m0bgol
dogrsyo, BC — bowgarol jodoansdgdo. qmdem dmdsboaros 3G9, 30Gds50sk
bgds@mgom, Jobo JodGs@o s@Jogosb

9]Bamgdo  @gojiaool  dgdepagbgemo  3Mmgomgdo  dgbodamms  sliggy
Vo@dmopagbogls bomgeol Lowobo®gdol ¢fg@oegl sbolBmdmbgdl, @mdganog

sofgdomo o0dbs go@mopagol bowgmol abgdol  gom@mboygmo 3G 935@5F g0l
dolgobo@gdgero g gB@mbyeo dogdOmbgmion dgbfsgaolsls (Murakami et al.,
2001).

@5@MI o gaobegds hggbl dog® bLLm-sb sAgY@ gogdbby s gdoao

9dBgEgao 3Gmgomgdo LogmbG@mem xagaol goMmseyggddo?
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dohbgyeos, OMI bo@Iygms, boswgmol bom@dygeo  [bggol 3odmmdgddo
06@Go@mdgmyg@o bowgmols B gdol ©s 39Mobgols s@bgdol ©osdg@®o
0dgboe dEoMgs, GMI Lobsmgol dog@mlzmdon dsmo gobygsamobsiEos dogrosh
0dgoomo bgdbogds (Roskams, et al., 2004)

9]Bagmgdol odmbgbs 0b@Gogmdymy@e© dgbodegrms s0blibsl dogmoy@o
303908 9bboom, @o3 0f393L bowgmol Lowobo®gdol LoliGgdol aogobog®gdsls
> Fom “yodmdyoghgdsl”. sebodbygmo “bymeyglHamdo” w@mgomobydygmos
ollgl  Log®mggddo,  @o3 ool y@mgdl o3 dmbobdgdsl,  gobsowsb
39M0bobylmowy®o bog®3g 9O SO IOM0 ‘dgbodenm SA0EOY, bo@og
dgbodangdganos  bowgmols Y@ ygagdols ©s  3g@obpoll  s@bgdol, obwos
9{g@0aglo do@o@o SbaliBmdmbgdols obmoglgds. 9V g@oeglo
©9JH LYool Sdygoc0 @mgoa@obogoom ©s bapgaol dgugégool @™l domo
aoasbogdgdoms s,  Jgogasr  aodmfggnmo  Lobylbmowgdol  3m33@gloom
‘dgodangds s0blbsl hggbl dog® bgdmm s g@omo Lobybmoy®o jodogs@gdols
23035609 gds  (Goboir  ¢30dodgboe  spomo  9bps  3Jmbogl  3md3dglools
dosdmgdol 3@mJLodser @ 1gadgb@godo) (ob. Lyd. Nel3,14,19).

30mx9bm@  dogrgs  mmodobs s dobo  dmFogggdol  dogd  mgodemols
dognmgobo  LEA®YJB G gdol  LobGgdydo 3gerggol dgogyse dohbgyeos, GmI
3o®ol ggbol, bowgamol Loswobo®ols s @godgols s@O@GgO0o0l osB™mEB05bgdolsols
Vg®omo  Fm@Egool asdmygmgol  (Loswobs@ol  dgdmbgggsdo  go — ho@mgol)
3ambggéo  goblbgogadgmos.  jg@dme, @godwol  s@Ggtools s bowgmol
Lboobo®ols mgoderdows dmbsgggmgdol Fgdomo aob@Bm@gdgdo gadm dsbgoo
3amboon asdmgygmazosh ob 93ogdoMegdosh Jglodsdol FmEgol, gowdyg go®ol
3960l 25b@mGgdgdo.  sbggg Logo@oygoms (s gl 0M0do  olF YO Pgds
mgodaools dognmgobo LA YJO YD gdol 3MOmboyao 301935G 5@ gd0ls
dobgobodgdgmo  gargdHOmbygmo  dog@mbgmdomn  podmggarggolb  Igwgpgool
aoobosgmobgdom — Motta, et al.,, 1978, Kordzaia, 1990), ®@md yggesbg {gdoao
3003 gm0 g9bgdosb Lobylmowgdol aobdBmgdgdol gymbggdo goblbgogwgds
06@gO@mbdyma®  bowgmol  Loobs®gdmsb 9Vg®omgbo 9@ gdols
hodmgol gmbolipsh.

Jg93mm  Jmpgysgl hggbl dogd dgddbogno Lgds@y®o Lydomo, @mdgaoc

Vomdmopagbli s@bodbyamo ©gdyagdol o ygl@@siosl.
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ombodbyemo  LJgds  godas ¢hggbgol 0bG@ommdgmy@dsw  swdmbgbogno
9By 3O mgoa gdols 3°3dod L 06@ gAMb y@ Y@ bo@ganols
Loobo@gdmob.  sbggg  mgoglshobem  bpgds, @md  bLlLbm-ol  dgdogy
3obg0ms@gdyao b0 0YA0 3039M396%ools &odm 2o35b0g@gdyan
006G @M oY@ Y@ ©09]B e gdl (Bom do@ols, 3g®obpols dogans 390b)
“dgbodangdanmds  odgm”  dmobeobmb dodpgdety  Lobylbmowgdol gmd3ddglos
dnEgdgmo 9obgool 3G Jlodomg@se domo bobsmy@gdol gogobog@gdom.

bigds: g9 — go@ol ggbs, 6L — bswgarol bowobs@o, 1 — 39@03m@ G garo
doarom@o [bhyeo, 2 — bowgarol ©afdaarol 0bBGssmddamo bysdgbdo, 3 —

bowgaol @yddgmob obdGommdymydo bggdgbdo, 4 — dgGobgol @y s,
3 - bobbarolb bobybmowpybo jodoars@o, sssss - Jdobobogdy 0506500

bod@mygiom bobo, == - waSa@ @G0 3GmR0ar 30

s@bobodbogos, MmI bowgmol wy]Buegdol gopasbog®dgdol 3o@om gan@ow
0MSO YOS domo aodmdgggbo 9430mg@om30d 960l 303903 OMB0SE.
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“bgoegdHamadol” dgdawpgbgaro gx®orgdo bolosmwgds bomgmo, mgomydo,
boaxg® momolGeds gm@dol dodmggdom ©s dfodo Godm3asbdom. olobo
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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, ef 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, ef 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 -80°C 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 -80°C. The number of used animals was estimated to be the minimum

required for adequate statistical analysis.

Histology and immunohistochemistry

Liver sections of 5 um 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 um) branches of
portal vein; b) in portal areas surrounding small (< 50 pm/) branches of portal vein; c)

intralobulary (outside of portal areas).
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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, | 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 pg 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 pg 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 pg 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 #-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-67¢ 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 2" and 3" 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 (Roskams, et al., 2004). These finest biliary structures
which lie within the lobule and not at the limiting plate are not readily apparent on routine
histological staining (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 (Murakami, et al., 2001). They can also be 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 um of bile duct length. (Jeong,
et al., 1993, Saxena and Theise, 2004). 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 (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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