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RQIIBINRIO0 ®JSICO0L SO KRS 333060H3ISN
6oR3R0L LOIAMO) LIROESHOL dORS3356330R56
ORMIINR 35R3I3HI 300105333380

‘FILO3OR0

OJBIJORIHMdS

@godmol  Ogy9bg@sios  gOm-gomo  yzgmsby  Fodome  dgbfogarseo
30m@3gbos. sy gbomos,  OmI  @godeolls  Yx@gogdol  godaogdgdygero
30090530000 J0dobsdg 53 3OME9LL olodsdl odaggl mgodaol oo
dolol  gOmdsTo  ogoMygs ob  @obosbgds,  dspomome  3o®Eoyeo
39350 9ddmdos  (wgodarols  Ggbgdios), godol  ggbol gomo ob @odmwgbody
Jommgsbo Am@ol gos39H3d CClsg-om dm§sdgams s Lbgs (Bowen et al., 1996;
Michalopoulos, DeFrances, 1997; Fausto, Campbell, 2003; Mitsuta et al., 2004).

oA YMIoYmos, GMI 3odEoymo 3935@9]Bmdos begds 3g3sGmEoGms
ddgnog@o  Jodmbyg@o  3Ommogg@saool  obogosGmeo,  @ol  Igogyowsa

063 90396(00©sb  1-2 33000l mogbyg  @godgo  3@s5]Rogymo  LOYo©
smoEagbls mogols dsbsl (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.)

s g60mos, M Jodmbgdol asTg93s bgds sEGgm@o 3sbabols 396930l
(032) oJBogoool dgwgaew dmygosbgdbomo 3sbgbol ggbgdol hodmgom™ ( 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). dobbgyeros, ®md gl 3OmEgbo gg®
bodGgogmegds  bOol  FoJHm@gdol  go®gdy.  bOol  FoJBm@dgdobs s
SO o 3sbigbol 296gd0L 5JBogoEool YOmogOmsdmowgdyagdols bsGogo
d9dob0bdgo0  dmemdpg o6  sMol  owpygbogo, ®ydas  domo  m@ogglo
bgaogegbs doBmbgdol Gogwol 0beyJiooby woEslGy®gdygaos (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@omm boobs®ol mgeygboom (bLLm) aodm§ggymo 3Fgs39
JowabHabog  obggg  oVgash  @godaol  Jlmgomdo  3Gm@oggGsEogw
30m39bgdl  (Yoshioka et al., 2005; Rubin et al., 1995). 3@sgoeo bodOmIomss
oA YD gdgmo Joegl@obol 300mdgddo boswgmols Lowobs®gdol godmdygbo
9300 g@om30dgo0bs s mgom o3 Loobs®gdol 3OmM@ogg@szos, @53 mogh
ohgbl  bowgmol Logdmm  Loobos®ol mgamyboowsb ¢339 89-2-3 el ©o
20dg@Egds MsdmEgbodyg 33000l asbdogmmdsdo.  (Alpini etal.,, 1988; Alpini et
al.,1998; Mukaddes Esrefoglu et al., 2005; Padilloa Francisco et al., 2004; Gaudio et
al., 1996; Yoshiya Ito etal.,, 2003; Murakami etal., 2001; Paku etal., 2001; Karsten
Thomas et al., 1998; Margaritis et al., 2005; Masayuki Ohtsuka et al., 2000).
Joesbaomzodgdol 3Om@ong@scos s@obodbgds dlbgogo jogod@ol bowgeols
boobo®gdPo 99-2-3 ogl, bomm 3306 gomod@ols Lowob®gddo 99-5 gl
(Alpini et al., 1998; LeSage, 2001; Glasser et al., 2009; Glasser et al., 2010). dogoy®o
930mg@om30dgdobs s Lowobs@®gdol 3OmEogg@siool dMoggdsw dohbgyaos
dogmog®o 30390 @ gbbos (Azmaifarashvili et al., 2009, Kordzaia, 2009, Glasser et al.,
2010). 6Llm-00 356306035 mmo Jomabisbo sbggg 0395l 3GO@mORgGSEOH@O
dgwosmmgdols  B@sblg@odogmo  oJ@ogmdol doBgdsl, @olsxz mob Lpggl
39353 m3E0H o0l d3390M0 3OMmEoxgg@sizosi dogom d9-4 wgls (Dzidziguri et al.,
2004; Kordzaia, 2009).

mgodgdo  3OmM@oxg@szoygmo  30m3glgool  gOm-ghmo,  sdolmobogy
bdodsw godmgmobgdoo gm@dss ]y ydo @gsdiosi (ductular reaction). ol
05b sbogl sesdosbol @godewdo dodwobsdyg d@sgoen I(g039 o JO™bo gy
©o5350gdsl o JeObymgdol  @godamols I@sgomag@mgeb  9Jldg@m0dgbd e
sb0sbgdg3Ls.

09]Bgg®o A 95J@3os JIOBOE@ M09 > sobobgds mgodgools
dobBmmmaon®  sbosmagddo bowgmol  Lowobsdgdol 3OmPomgdol do@gdom,
Aoboi obaoglh bgo@d@mgomy@o @gozm30@gooms ©s Jmbmbyzm gmicodgdbom
Jbmgoarol 0bgom@E®szos s dbodo Qoddmbo (Desmet, 1987; Gerber et
al.,1983; Mac Sween, Burt 1989; Uchida, Peters, 1983 ).



2odmyma3gb Lodo Godol B y® @godiost: “Godyal”, “sdodoy@dl” ©o
“0gomydo  gx®gegdol 3Gm@moggasiosl” (Nakanuma, Ohta, 1986; Rubin et

al.,1965; Tavoloni, 1987; Yamada et al., 1987; Farber , 1956; Fausto, 1994; Opie,
1944).

Ho3gOo  addawagdo  Ggodgos  sedmggbrgds 375059 dogogdo
moLEOYgJgool  @AmML  (ssdosbgddo) o  bomgmmol  Loswob®ols  mgeygbools
300md95do (9db3gmodgb@ddo) (Tavoloni , 1987; Yamada et al., 1987; Gall, Bhathal,
1990; Goldfarb et al., 1962; Slott et al., 1990; James et al., 1989; Nakanuma, Ohta,
1986; Siricaetal.,1992; Siricaetal.,, 1990; Van Eyken, Desmet, 1992).

>®0309®M0 9@ gmg®o  @gsjios gmobpgds  JOmbogymo, dsm  dm@ols
JOmbogymmo Joagb@obydo posgewgdgdol w@dml (Desmet, 1972; Desmet, 1985;
Desmet, 1986; Desmet, 1987; Gerber et al., 1983; Uchida, Peters, 1983).

@53 dggbgds mgo@my@o x@gegdol 3GMmmoggdsiosl, ol Fo®dmowygbls
s@odoygdo 9B ggdo  @godgool  Jgglobgmdsl, @mdgeoi do@omsow
se{gdoaos do@wbgan 96do mgodgools Lbgo@olibgs 3ommamyools
dmgao®gdobsls >  bobosmpgds olgmo 09]Bgegdols Jo®dmJdboom,
GmIgePoi  dmbsFomgmdsl  omgdl  mgemu@o  gxGgegdo (5.7,  @godmols

“F0bsdm@dgoo” 9x g gdo).
sdsbmobogg,  o@  o@ol  godm@oigbymo  Lbgoolbbgs  dgdobobdgdols

LobJ@mbyano b sbobj@Ombyeo  mobbggods  Lbgoolbgs  3smmenmgools
3obg0mo@gdol  Lbgowolbbgs  gHo3by, @o3  w©odmgowgdygemos  obosbgdols
Qm®dsoby, bodolbby ©o dogygemdsby, YNXNOJOOMS  3OME0RGJOS(309eD
5JBogmdols s domo bOwol goJBmmgdol dododomn LgbloGoymmdsby ( Desmet,
1986).

OEOaM@3  o@obodbs,  ssdosbgddo  Fodyg@o B gmygdo  GgsjEos
gomoMEgds 373039 dogog@o mdlEegdaool w@ml (James etal., 1989; Nakanuma,
Ohta, 1986; Rubin et al., 1965; Sirica etal., 1992; Sirica etal., 1990; Slott et al.,
1990; Tavoloni, 1987; Van Eyken, Desmet , 1992; Yamada et al., 1987), beogeom
doOmbgawgddo  dobo  2odmfggge  bogds  bowgmol  Log®omm  Lowobs@ols
M3@9bo0m,  doMoMOSE,  gos335bdgom.  goMmopaggdbdo o mopggddo gl
dgomeo  [omdmopagbll  Fodmme  seos®gdye  3Gm@mymenls  (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 etal.,
2005; Isayama, Hines, 2006; Abe et al., 2004; Georgiev et al., 2007).

G0390o  ©yJdwydo  Ggodiool  dgdmbgggedo  sbemsw  Fo®dmJdbogro
©09]Bgegdo bobosmpgds djoxome asdmbo@yeo Lobsnyg®omn, gm@do®gdyeo
doboga@o  9930@sbom.  olobo  asbmoagdumos  3mGHRm@  HGsddgdTo.
dohbgyeos, md  oSbmosw  [Fo@ImJdboamo 9@y gdo  Fo@mdmowagbl 9339
s®OLgdyeo  bomgmol  Loobo®gdol  2obBmEgdgdl ©s  0dgm@gol  dom
LAO 9B 909 ©s g9bjiog® doboslbosmgodemgdls (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).

>mbodbyero dmbob@gdol aodm Godyd ©yJdyg®o @godiosl, bmaxg®
Loobo®gdol aoddsgangdsls (bile duct proliferation) ¢fmegdgh. Lowobs@gdols
sbodbyeo  3OmM@oxgdsos,  odzgodgdgmo  dgbgogmgdol  mobsbdow,
Po@mamagbl 500 250085960 4300gmonEodgdol 3GmmongGoGool dgoaab.

dOogo@mo  sgBmao  doygmomgdl, @md sbogro B ymgdol  mgoabshobm
35690> o@0b0d6gds bllm-sb 353 EEgl, Gog ©sggB0M d @S doEonHo
g30mgeoydols Jodmbygdo 5JBogmdols do@gdsbmsb (Slott et al., 1990; Yoshioka et
al., 2005). gl 9609g6gmmaabo  JnGHm@@aogho  Bgbmdgho  @olbogds CK
56@olbggmols  0d96mgdbidgloomn. CK 3mbodogmo bspgmol  bopobstgdols
@oabgol o3 gds goJbodegds bLLM-sh Jgmeg EEoEshE ©s mobmssmnmdon
do@geeemdl dg-14 eeidey.

doa®od hggbl Hogm  bobggbgdo 0fbs, GmI  EIHY@AG0  3GMGomgdls
3o go> >00b0dbgds bLLm-sb 9339 6 Losmol dgdwpge (Azmaifarashvili et al.,
2009). o@bodby@  gosby 3gMmo3mOE e  dowsdmdo ggbgwgds Lowobsmgdols
3Omgomol  LEOY]By®gdo, @mImol  FomImd]dbgamo  g3omgmomizodgdo
Vo@dmea gboanos @os gg@ol Go@m3gsbdom. sdsbmobsgg, bobasbdon ¢bws
>@0bodbml, Gm3 O3 gOo 53 LEHOYJAYOsTo FoBmbol Royu®gdo S5O oym
swdmhgbogno. s@bodbyamo  SEsLEYMOL, @m3 bowgmols Log@mm Lowobs®do
76930b 35(9d> 9339 30039m0gg boosmwgddo ofgg3L eaddama® @gsJgosl™.
535bmobsagyg, dogbgosgom 0dols, my @s 0go@MoyEgds sbgmo ,,bgmeydd e gdols
Fo@dmJdbols dobgbow, 9339 oOLgdygmo  Joesbyomaodgdol  my @g@mgsbo
(mgoy®o) gxcmgogdol (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 ybpss, Lbgo X G g gdols)
3OM@0RgOS(305/©0R A gb05(300, bgdolidog® ‘dgdmnbgggsdo Sboblbgaos
dodmby@o Foguydgdol sOsOLgdmdols gsJ@o.

Logkgms, @md sbgmo s@gymo 9@ ygto @g5]3os, 3ob30®mdgdyeo
0gol  gxOgems  3Gm@oggahszoom, o0dbgdbs gl 9g39 o>OLgdbymo  dogoydo
g3omgeoygdol  dodmbydo  osJBogmds - dobwsb  sbmgodgdygmo  bswgmols
Loobo@gdols 3OME0xg @300, MY ®Mgo@y@o xOgegdol 3OMm@ogg@s3zo..
bowgamol Lowobs@®gdol 3Ommogg@siool “dobi@mgds” dbgemosm  Logo®oygoms
bLLm-ob o@s m9y 6 LoomTo, s@sdge 48 Loosmodeg @mol 0bGgegoa o
(JoBmbol  ogerolsmgol Lokodm ©@mol aomgoeolifobgdom). mydas bmyo
d33eggo®o  doygmomgol, GmId  bLLm-ol  30Omdgddo  bpgds  boswgaols
Loobo®gdols NuN SGMBZom, NORGATY oM dgen gdo-©s Jans 3gbom
3OME@0RIAS(300 (Slottet  al., 1990); >0bodbyanols aomgsgolfobgdom,
Lboggod®godgaos, @M 9@y g®o  ggbm@odol  FsGo@gdgmo  Ggodios
‘dgbodenmos ENCIGICINE! 0gml 9B geydo 2969%bob. 093
bgmeyddgmmaygbgbols  Tyodml  obggg dgbodemms  @md  Fo@mdmowygbogl
©gOHmgobo gxdgogdo - seaommmd@ogo (Xin Wang et al., 2003) b dmEo® 3gesioy
(59 935boLgbgarols Fgodm, Gmam@ig (gbo, dgarol @gobos [Petersen et al., 1999;
Ying Zhang et al., 2003]), b 3g35@m@Eodgdol @ geo Ig@edemsbos (Sirica and
Williams, 1992; Michalopoulos et al., 2005).

oM s@ol  aodm@oigbymo,  @®m3d  blLm-sb  3odggmogg  Losmgddo
aodmgagboen  “bgme B mygbgbdo”  dmbsfomgmdegl  Lbgowslbbgs  Hodol
YXOJogoo  ©s  dgdobobdgdo, @mImgdor  FoBmme  o@ol  FodImbgboano
dOogoao  dggaggodol dJogd s Eglsg 0b@gblogdom dgolfogagds. oly,
dopomoms,  @godgols  3ob3gMmygbgbol  3gaggol  dobbom  ho@odgdeyge

dgoodgoom  dggm  9JL3g@odgbd e j3mmgggool  dgEgagool  Logygdggmm by
bogo®oygdo  ogm,  @OmI  3g35HMEgmYg@o  go@Eobmds  Fo®dmodmds

39353 m3E0HJo0Esb b mgomygdo  PxOgogdoesb (Desmet, 1963). dgdoamdds
0396m30LE M Jodoy@ds 339093903 9hg9bo, OIOL) 3935 Mm@ g Y @0
3oM30bmdgdol  ossbarmgdomn  50% ogemgbl  gJl3@glosl  odM gMs@0bgdols
dododm, @53  bogo®oygoml  bpol, ®@md obobo [o®dmodmds  bdognoydo
g30mgeoygdol  ggbm@odol  dJmby  xOgegdolbasb, gg®dme - Mgo@ @0
AX OIS0l gdgosomgbGHgdoliysb.



bbgs ggargggdo, GOmdagdoi  hosGodgdygeo  oym  swsdosbols  @godanby
bbgoolbgs 3smmammpool ©@ml, Gga9bg@siEool s@dgya Bobodo Fomdmahgbls

0bmmo®goye, dJgodg bmdol ygx®gegdl dFodo EFoGm3@msbIom, @mIagdocs
o8 gbl  9Jb3@glosls chromogranin A-ols ©s CK19-0L dododim, @o3 ©owo
S d5mmMdom  Jogmomgdl @ghmgebo Px@ggdol aoo]B0ggdoby.  sdolmsbogy,
bohggbgdos,  @md  Mgygbgdszooll  agosh  gobgdbdo  @goJsoymo  bowgeol
©9JHALIo0L PXOILIO0 ©> 39O03MOHYo  FY3>HME0HIS0L Xy YBIoo Sl
ogmgbgb  9JLb3mglosls chromogranin A-Ls s CKI19-l dods®o (Roskams et al.,
1991).

B-3g3s@0@ol godyglmsb sbm@odgdymo 3gd3s@mEgegey®o  3o®3obmdom
50850 gd@  353096Ggool  s@obgm3@msboyg®d  Jlmgoendo  Hsia-d s
0565533 Jdds s@dmsohobgl mgo@my@o Godol ¢xdgegdo, Gmdmgdoi sgergbos
0d9bm@gojgoygermdsl  CK19-bL  dododo  (09dpygygto  ggbm@odo) o
393 90m3 969 mdsls S BS-B9BAM3IOMEJobobs © S d9dobols dododm
(39350 mE g gmg®o g9bm@odo) (Hsiaetal., 1992; Hsia etal., 1994).

mgodaols  3smme@maogdoll OML, 3g@dme 3o dogoydo mdLEHGYJ3ool

3060m393F0  s@ImEgbgdgmo  EaddamaGo  Ggedgool  g96gbTdo  @godaols
Lbgoolbgs gx®goyemo 3m3ygmsizogdol 3Gmamogg@siool, @oggagbiosiools
s PGbLogg@gbcosool  goddgdo  (Desmet, 2011), bswos,  beEol
©ddaato  Ggodgool  @yhomgdo  ygargggdol  3boIghgmmdol.  sbgmo

3393900l dgogagdl oo d60dgbgamds  gbodgds s@s  do@FM  @godgols
obosbgdols bo@olibols LY m@oE dgguobgdobs O 3OMabmbols

3obbobwg@olbomgol, o@sdge @godeols bgm3asbogdols 3smmygbgbol dgdogmdo

3320 g3900Lmgolisg.
o8 gmbby  oJ@yomyy@mdols  0dgbl  hggbl  dog®  BLLM-sh  S@ gy

35090b939 s@{gMomo gy gdo 3Gmgomgdol doGgdol d9ddo@oBo s@Lols
s d9Jobobdgdol asdm jgemggs.

80%560
>@bodbyyemo  33enggol dJobobl [o@Imoa bl godmogyggddo bowgmols Logdom

Loobos@ols  po@soggobdgol  dgdpagmd  se@gyemo @ gmydo  @gediools
Vo@dmdoganmdbols s s@Lol podmgganggs.
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RdG30HI 353MLOBS60 RISIRIdIS0):
bLLlm-ol  Jgdpamd sSE@EgyE  gogdbby (3-24  Lossmdo)  aobgoms®gdyemo

eddaato  Ggodaos  Foddmowpgbl  sdbgdgamo  gigdomgbo  bowgmol
Lo@ob®gdol  LobBgdol dogroy®o 30390FJ6bools  aodm  gopobog@gdols o
Lobsmgrol dog@mbgmsdo domo “godmgmobgdol” ©s 5Gs 3OME0RJASG0YEO

>J@ogmdols dgogal.

3935¢™m30Hgd0l  FOsblogghgbizosios W@ ymag®o  g3omgmomizodgdols
dodomygengdbom 0fygds bLLm-ol dgdpamd sedgye gogdbyg (12-24 Losmo) ©o
sobobgds 39358 m@30d ool 390eGobygmo  3Gmgogmol  3geoegdbom  (CK-
3mboBoyg@mbom).

bLbm dgdpamdo  ©uJAYgto  Ggojaos  FoMmdmowagbl  mobsmsbmdom
3obg00m0Mgdo s IPY@E0gmd3mbgb@ya  ¢gbmdghl, @mIgols  LEY@ o
dgabmdolomgols  Lokodms  3Omiglgdol  9Fyggdo  w@obsdogom  aodmggemggs
bowganol dgaydgdol wofygdobmsbsgy.
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3. ELZA AZMAIPARASHVILI, EKATERINE BERISHVILI, MIKHEIL
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ROBIASBGID0L 303M60R3S

OMamO@3 5©sdosbgddo @godmol Lbgowolbbgs ©osgomgdgdol @M, olggy
JoOpbymgddo  mgodarols  3smmeomagool  J@sgo@yg@mgeb  gJl3g®odgb@ e
dmgemgddo ogodlodgdygeos bowgemol 9@y gdol 3Omgoamgdols do@gds.
35bmobsgg, gl do@gds mogEedoMggmoe o@0bodbgds 3m@F Yo FMs]Ggdol
390089M05bg,  Igdpamddo  jo  Foaosgzgdol  dogbomon. @ yeygdo

LAOYJHDgool  do@gdsl  mob  Lpggh bgod@mxzomydo  obgom@@sEos  ©s
39M03mAO G @0 305OMDbols 3obgoms@gde. >@bodbyyen (33009696l

“9ddgmygto Ggsj3os” gfmegds (Desmet, 1987; Desmet, 1992; Gerber et al., 1983;
MacSween, Burt 1989; Uchida, Peters, 1983).

58 Jobpomemyonto 1gbmdghol Jomggmep seTgGol 99wge  (Waldeyer,
1868) aobbmG0gmeEs  d@sgemo  dgpgmmds  dobo  gBom3smmaghybol s
Jommaobonmmaongdo  860Tgbgmmdol  ©oloagbo.  ggobolighgm  babgddo
906036930 2oG 33910 3GMaGgbo 9@ gE@aG0 GgsdGool JobEmegbgbols ©s
A 95J3ogeo bowgmol boobdgdol ygxdgogdol 3Om@ogghsioygmo sj@ogmdols
3odm3ganggol dodo@mn g gdom, mydEs 39300 @od Logodsmnm @hgds.

OOam@3  bgdmm 9339 o@0bodbs, 2odmygmayzgh Lsdo Godol B g®
A go]@osl: “Bo3y@al”, “s@odoyg@l” ©> “mgomy@o YN Ogegdols
3GmEm0n G300l

Ho3g@0  EgHamaco  Ggodgos  s@dmigbrgds  Fgegy  domogdo
mdLROygJgool  @OML  (ssdosbgddo) o  bowgmol  Logdoem  Lowobo®ol
@gmabool  ob  sEee-bog@omobmmoniosbogom  (ANIT)  0bgmdlogsiools
300md95do (9db3gM0dgb@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).

o5®03099M0 YA gGo  @goos  opsedosbgddo  gaobwgds  JOmbogyeo
Joegb@obydo  ©sogogdgbol  AOML, ®@godaol  byddsboyg®o  bgg@mbols
‘dgdamdo g 96g@siool, @wgodaols seojmdmemag@o osgogdol s QMo y@o
bowygmydo 303g@3asbool wdml (Desmet, 1985; Desmet, 1986; Desmet, 1987;
Gerber et al., 1983; Uchida, Peters, 1983).
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bowgmol Loobo®gdols s@odoygdo @gsjios, Gmdgemoi ©s303d0gdgaos
Mgomyg®do  gxOgegdol  3Om@oxg@szoslmsb,  doGomspse s gdomos
doOwbyamgddo,  Jodoyg®mo  boghmgdom  (D-goemsJ@Bmbedobo s bsbdodols
B9dOsJemmdopo) godmfggymo 3omgbodygmo obosbgdols dgdwamd ( Lemire et
al., 1991; Sirica, Williams, 1992; Tournier et al., 1988).

dohbgyemos, @Om3 @@y g®o @godios dgbodemms gobgoms@egl  Lsdo
Lbgosolbgs 3gdobobdom:

1) 9339 >®bgdyao Lobsmgarg Lowobo®gdol 9x®gogdol 3GmM@oxgg@hsE00m
(Goldfarb et al., 1962; Gall, Bhathal, 1990; Slott et al., 1990; Desmet, 2011).

2) 39353mE0d o0l @ gmygmo dgBedmsboom  (James et al., 1989; Van
Eyken etal., 1989; Van Eyken et al., 1988; Sirica and Williams, 1992; Michalopoulos et
al., 2005, Desmet, 2011).

3) mgodeols “@gdmgobo Yxdggdol” b g.(. “Fobsdm@dgwo” yxdgogdols
5JB035300m, 3GME@ogghsGooms s ©oRgagbzo®gdom (Aterman, 1992, Desmet,
2011).

sdsbmobogg,  o®  s@ol  aodm@ogbymo  Lbgoeslbgs  d9dobobdgdols
JONEAMYms©  sOlgdmds, ®mEmbo @AMl  bbgoolbgs dmbsyzggmbg dsmo
3obbbgoggdamo 0b@gbbogogozoom (JOmbmegmyoyg®do sbodgd ool 3G0b3odon),

@53 ©oIMGoEIoPos  smmmmposby  (5Jl3g@0dgbdH g Iowyaby) s o3
OOl obogodgdgmo  PgxOgegmo  ©>  domaggmg@o  GgojGgogdol
YON0gOnbgyogagbobyg (Desmet, 2011).

“0396007  ©9]d9@aG0  3Gmm@mongGo3ool AL shmoePs®amJdbomo
©dOamgdo  bobosopgds  goByor  yegm@dgdgmo  bHoYHgG0m  ©d
bsbom B0 ©s  FgdsBymdl  JnGHMmo  G@HsdBol  9dmsmm  Loshmmagl.
©oEobHYOoYEoEss  dobbgygaro, O®I  Hodygdo weIHmIto OgoJEos 9430
s@lgdamo  bopgmol  Lopobo@gdol  3o0Gogmadols  Fgogaos.  swboBbaem
dobob@gdol  odgodgdl ol godBo,  @®mI  go@mopaggdol  Jmwgagddo
sbans(o®dmJdboano  Lowobsdgdo  0bo®bybgdl  mogosbmo  bo@dogyy@do
J0bodm@mdgrogdol 0dybmdolbGmjodoy® (Sirica et al.,, 1990; Slott et al., 1990;
Goldfarb et al.,, 1962; Alpini et al.,, 1989; Gall, Bhathal, 1990),
Yo BOoLEH® B gG9e ( Alpini et al., 1989;  Sirica et al., 1985; Schaffner, Popper,
1961) o ¢9bJaon® dsbsbosmgdengdls (Alpini et al., 1989;  Alpini et al., 1988).
©oEslHY@gdgasess dohbgyemo, @md Ggojaogmo @G amgdo FoOdmoey bl
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mgodendows  bowgeols  abgdol  ¢gfg@oglo  GmEgool  TooFm@gomo”
3Om@oxg@sizool dgogal. 53 Godol @3By yg®o @gsjios gomsdgds 373539
Joegl@obol @Ml (9JbH®sdg3s@yeo  bomgaol  Lowobs®@(gd)ol ¥ 3039
mdLEAOYJ30s  sEsdosbgddo o bomgamol LogBhmm  Loob@ol  mjeygbos ob
sgo-boggBomobmmomizosbsdo  (ANIT)  obdmdlbogsgos  9Jb39G0dg6d e
3bmggergddo — doengddo, 3oBgddo o Io@Ebymgddo) (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).

03 Jobob@gdols, OmI Fodyto ©3Jdyeg®o @godios 9339 >OLgodyeo
bowgamol  Loobs@gdols asd®ogangdol dgogaos, odys@dgdl ol gsj@o, @md
shano(o®dmdbogro  Lopobodgdo  0bo®bhybgdls 0o305bmo beov@dognydo
{065dm@ 900930l 0dygbmdolEmdodoy@ (Sirica et al., 1990; Slott et al., 1990;
Goldfarb et al., 1962, Alpini et al.,, 1989; Gall, Bhathal, 1990),
Yo AOsLEH®YJB GO (Alpini et al., 1989;  Sirica et al., 1985; Schaffner, Popper,
1961) s 9bdaog® dsbslbosmgdegdls (Alpini et al.,, 1989;  Alpini et al., 1988).
339093930, GImgdoi 999G g3mos 00dowobom JmboPgbol, sbggy sEsliGn@gdl
9339 >MLgdgmo ©uHmgdol 3Gmmogg@siosl (Grisham et al.,, 1964, Masuko
et al., 1964; Alpini etal., 1989; Alpini et al., 1988; Gall, Bhathal, 1990; Slott et
al., 1990). Y99ppmd J3e9393T0  bobggbgdos, @M  F0GMoa393T0  dogow@o
mdLEOygJiool dgdpgy  dodobodyg d03g@3esbos dmozsgl  9g3g o®Lgdyeo
bomgmol boEobs®gdol bogboaolgdan® ©ea@dgmgdsl. 58 3GmEbol ©sfygdsls
30 35b3300mdgdl  bogmoyy®o  30390Bgbbos.  sdslbmobsgg,  dohbgymos, G®3
B039®0 9By gto @godiool @™, odobps Joybgoggew, oy @GS Godom
d0d0bo®Mgmol  Loobos@gdol 3GOMmEo0Rg@s3Eos, o® bEgds osbogo “bsmgaols
3o30@s@@- B g g@o 3ogdodgdol” (o®dmJdbs (kordzaia, 1990; Slott et al.,
1990; Shibayama, 1990).

Alpini -bs s mobosg@m@gdols (Alpini et al., 1988; Alpini et al., 1989) dog®
oEsbHNGIoamos, G@d ANIT-0m 0bdmdbogoGool o6 Bspgmols Lowobs@ols
mggbool  9gdpgy  IM3OmM@oxg@s3og  bomgmol  Lowobo®gdo  sp@dgengdls
b9g@gGome 5JB0gmdol. 03039 $96m3g60 wssbEYMgdmo o3l Kordzaia -bsg
(1990)  dowamol  bo@gmol  Lowobo@gdol  35dmddGomo 3G g3sGo@gdols
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dolgobo@gdgemo 980 9JBOmbyeno dogembgm3omn 2odm 3ga 930l ‘dg gy,
3gbmggagdols bowgmols Log@omm Loobs®oli mgeygboowsb @odmgbody ol

‘49900 99- 5dobmobogy, bohggbgdos, OIOL:) Jooansbgomzodgdo ‘dgo{mgl
Jooegl@obols  godm  3g3odmEodgddo  s3ydygmodgdya  bswgmols  dgoggdl
(Buscher etal., 1989), dol dgogas 99bos goobosdoml Jmangdgds@ydo dabgss
(Desmet,1992).

s5dobmobogg, o@bobodbogos, @M  yggews  hsdmmgmomo  mogobgdbydgods
s g@omos dodomosse  bsmgmol  Lsg®om  Loswobs®ol  mgmygboowsb 1-4
33000l 3g@omedo.

bmgaoghmo  sgdm@ol  dog®  (James et al, 1989) o>od00bgddo
9JLBMS3g35G o dogoyg@o mdLEO Yool O™ bohggbgdos, Gm®I @mymAs
35M9bJodyao, sbiggg bowgmol Lowobo®ol odmdygbo gdomgaoydo yx®gogdo
LoFgol  gBo3bg 0bo®hyybgol o@Mgg@s@0bgdol gJlddgbool dobmgol hggeyen
("bm@dygan”)  3Omgowl.  0ydzs,  bswgmol  Loobos®gbol  mdLE@YJ3ools
bobp@demogmdols bOolmsb  gomse  @godaols  s3obylol I bmbol
39350™30HJO0 0mobsmsob 0dgbl 0@ M3gOeB0b T-ol gJldmglools 9bo@l, @og
sdobollosmgdgmos boswgmol boobs®gdols gx@gogdolsmgols (Van Eyken et al.,
1987).  Logodogome, gl goJ@o  Igbsdamms ©ogogd0mgdgemo  ogmbs
3935¢™30H o0l w9y g®o  dg@odmmsbools oFygdsbmasb. gl 3o, mogols
dbGog @ godm@oibogl  Godygdo  yddgmg@o  @gediool  3o@om gaa@o
5®030900  ©y]Bgg@o  Mgodzool  0bogosEool  sEbsmmdsl.  Logo@sygwml

beol @odydo ©ydgeg@o @GgojEool ds@omgmy@o®, 5G030900 YR Ye 9@ o
95300l 0boEosioslsg.

>B03099@0 B gmygdo @Ggojiaos Foddmwagboamos bomgamol Lowobsdgdols
9F3®omglbo 3Omgomgdbom, Gmdagdoi gobmoglbgdymos Fomosgzol 35@gbjodsdo
(39do©,  3mOFgmo  FAs]Bol  Losbermggl). obsmegdbyg  bmgxg®  obobo
306 gdo dmobslRAmdmby Q0OR0HJo0b Loboo, oo aobo@hgge
bHO9JHaGgd0  gaer  ©oggtgbgodgdgmo  bobsoygdom,  @mdgarog
3odmggbogmos  IFodo  o@m3gsbdol  Jmby  gxOgEgdbom.  ©YJBYgodo
dggbododgds  aodd@ygemgdyer  (flattened)  Gogobp®gdl,  boeem  dsmo
bodaobbmdogrgdosbo obo@mdoyg@o LEAOYJHYOS dogrosh 3gogl 3935GmEoRgdols
RoORxoBgol  (Jorgensen, 1973, Desmet, 2011). 5303096 ©ydy@y® @godEosh
sEpoo o fgh  JOmboggmg@o  JomgbHobgdo  ©ssgagdol  (OmymdoEes
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30M3g@oo dogog@o 3000b0), JoMggmmswo Limgdmbyamo Jowmmsbyodgdols ob
boba@danogo  gJlH@sdg3s@ydo  domoyg®o moLGH®YJ3ool wAML, byddsboy®o
693@mbol  dgdpamdo  @godamols  @gagbg@oEoolsl, @godegol  saojmdmenyg@o
©553509d0L s Gmygsmydo boeymay@o 3039M3@msbool w@mL (Gerber et al.,
1983; Uchida, Peters, 1983; Desmet, 1985; Desmet, 1987; Desmet, 2011).
doogoamo  gJb3g@odgb@ymo  dmegmon  oESLEAYMYIYmos  @godendo
©gHmgsbo  PxMgegboll s@OLgdbmds. IgHoE, ©@osLEYMYdYmos I @gMmgsbo
PNOJogool  gJgogo@gbBgdol  s@OLgdmds  swsdosbol  @wgodewdo  (wgHmgsbo
PxOgogdol  aobmoglgdols  spomoe  dohbgymos  gfgdomglo  bsmgemols
0gddammgdo - Jomsbyomegdo, dg@obaol dognszgdo) (De Vos, Desmet, 1992;
Gerber et al., 1983; Hsia et al., 1992; Roskams et al., 1991; Roskams et al., 2003).
©gamgobo  YxMgegdboll s@OLYdMmdol WosLEYMYdsd osbosgno dodpo dolizs

©adH @90 Ggodaool ggbmdgbol jgeggels.
Jo@ebgan gddo s@030gdo Loobo®gdol bgsoglo LEHMYJBYOgdo, G®Igaog

sbm@zodgdygamos mgomy®o  gxOgegdol  3OMEogg@siEosbmsb,  gmobogds
Jodondo  defsdgmgdol  (dsy.,  D-pomsddmbodobom s bobdomols
A9OOoJmm@opom) dgdwge (Lemire et al., 1991;  Sirica, Williams, 1992;  Tournier
et al., 1988).

G03960 0B g®o M 95J00bogsb 3obbbgoggdom, Lowoz
Im3GO@0g 30  IXOJ0Gd0  0bsGhnbgdl  bo@dsmad  dsbslosmgdagdls,
>B030ygMo  ©YJd Y g®o  Ggojaool @M d@sgomo  3ganggol  dgegy goom

obBYOEgds HMobboBmOYmo (go®adogogmo) oby dygomgoydo O gegdol
oM ligdmds, Omdagdoi >3 gbls OIOPNRIGTE! 39358™mE0dgdob, sbigg9

Josbyomzodgool ggbm@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 smgyo (aools Fob Wegmann -ds 0obsog@m®gdbmsb gomosw
(Wegmann et al., 1965) ¢9®3d9b@geo 3dobEmJodool asdmygbgdomn dgol{ogams
s@o3oygdo Y@yt @god3os  bbgoswslbbgs  gHomamaools  sesdosbols
3oOmbyg  mgodendo.  dom  s@dmshobgl  Jm@Fm@mpog@o 335G mME0d o0l
dbyoglo  gxdgogdo, Gmdmgdox  dobGmodogdo  omgdgdmes  bowgmols
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Lbo@obo@gdol gx@gogdbol Ibgogbo o bowgamol  bowobs®oll  gx®gogdo,
Omdmgdoz  39350mEoRgoobmgol  wsdsbosbosmgdgar  JobGmJodoy®  dgmgdgsls
>3 gbs g3 bo-6-3mlgs@oboby.

dm03mpgbby o pa@ggmbo-6-golgsGaboby  SJHogmds  podmgmobes
d030mMm@09g9M5309 YOI gddoi @wgodemols sen3mdm@ydo Essg5gdol WML
Uchida da Peters-ols dog® (Uchida, Peters, 1983). ®sdmpgbodg jgenggodo
bohggbgdos, @md  sodosbol  @godaols  osgegdgdolsl  aobgoms®gdyeno
>B0309M0 @@y g®o gojaool @AMl s3obylol I bmbol 3g3s@mEodgdo
5396l 9db3@gbosl  Godmegbody obge  sbBoagbby, GmImgdo bm®ISTo
9JU3@gloGgdl  Bopgmol  Lowobstgdol  gxégegdol  dogd.  olgmgdos:
Jbemgogydo 3meodgdBoeymo sb@opgbo (Burt etal., 1987; Desmet, Callea ,1990 ),
S 100 proteini (Vanstapel et al., 1986; Vanstapel et al., 1984), Lolbeools xgyyxol Le
(a) wo Le (b) 5630396900 (Nakanuma, Sasaki, 1989), VLA 2,3,6 0b@ga®obgdo (Volpes
et al.,, 1990; Volpes et al, 1991), 413 5b®oggbo, GmIganlsi 3Jgos 17-1A Ag (ol
obggg 94b3dglboMgol s@sdosbols bofaogol go®E0bmdol yYx®gogddo (Sansonno,
Dammacco, 1993), ¢ibmdo dogoydo sbFoygbo, GmMIammols 0@gb@ogogoiGos bogds

gembo 5 dmbmgammbyg®  obHolbgymmsb s aanogme@obyd  gg@dghd
96m@sbol Y-bygdgOmgymmsb @gsjioom (Fukudaetal., 1989).

aoboba®denoggd o Joagl@sbol Ol >30bylol 1 bmbols
39358™30H o0, OmImgdoi  0dymaggds  bomgaols  Lowobs®ol  gx@gogomsb
979390 33906030, msbpomsb 0dgbl 0dybm@gsJioygemdsl CK 7 s 19-Bg (Van
Eyken et al., 1989; Van Eyken et al., 1989; James et al., 1989), ®mdagdog
bo@doTo gJl3dglbodpgds Fbmmme bomgmol Loobodgdol yxdgegdols dog®
(Van Eyken et al., 1987). s©od805698Td0 JOmbogygmo Jomglgsbyto ©osgswgdols
AL Yo A@sLEOYJHYOgssi  0dbs  bobsbo  Iygomgog®o  Px@gegdo
39353mE0HgoLs o bowgmol abgdol gx@gogdls dm@mols ( Nagore et al., 1989;
Roskams et al., 1990).

3oModogomo  YxMgegboll  sOLgdMos  sdge@mgdl  3mbigxEoslt,  ®mI
3935330 oL goshbosm bowgaol boobo®ol 9x@gegdse H®sblym®m@dodgdols
ob  “B®oblpoggagbzomgdol”  gbsto. os@bodbym  Jodmmgbol  Sbiggy
dmoblgbogdgh “39353mE0Hgool @9 g® dgBodmsbose”. o3 gmbEggEool
bobotpygdaoe  d96Hg3g@dl 333900 bodpobbmdogysosbo  Gg3mbGagicool
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dgommeol asdmygbgdom ( Buyssens, 1962; Nagore et al., 1989; Yamada et al., 1987).
39303, 300moy 300 bowganols Lboobs@ols M3 gbools 30Mmdgddo,
0bmgodgdbymo  3g350H™ME0Hgool gangbmoTdo  HESbL3msbBoool  dgegyo
bohggbgdos o3 m@asbmdo  bomgemol  Lswobsmgdol  dbgoglo LE®YI@ycgdols
aobgomadgds (Hillan et al., 1989). sbgmo dg@edgmobos, bogs®oygomeo, 39dm@geo
9290530000 5@l gob3do@mdgdygamo.  mydEs,  Pbws  o@obodbml, @O®3
dgomgog®o 5by AOsbboBmO Yo Yx@gegdol s@Lgdmds dglsdems soblbsl
bbgs dobgbomsi, dop.,  oswsdosboll @godegols “@gdmgsbo  yYx@gogdol”  ob
?F0bsdm@dgoo  YxMgegbol”  ©oxgdgbioszoom - b “3g35GmEo@gool”  ob
“dognog®o  g3omgeomzodgool” — Jods@mygagdom. odobmsebsgyg, Ebowos, ™3
sbgmo  ©oggmgbioszooll  bodmmmm  olb®ymgdsdeg  dmEgdygmo YN @ 9o
0600h99bg0L “LoFoboo@dpgam” dodsdmyga gdols Y@ gool dobsbosmgdan gdlsgs.
XJO  owgg ©sbosl@y®gdganos, ogemagbl  my oMo 5B 0309960

9B gdols 3odmdggbo YN 90 9d0 bom@dogny@o Joesbyomzodgdol
0g0Lgdgdl. g gdBOmbye-dog@mbgmigmmo  dgb§sgmmomn Logo®ogoms domo

dmbsFoamgmds  G9odbmm@diosdo. @)@y g® Yxdgegddo dogmodydobols s
@03mg39bicobols oGOl gdmds dJogmomgdls bowganols 063900963 gd0L
0953LmAmd305bg s, 0bggy, OmamOE H03Ycho ©YJHY@YO0 Gg53ool O™,
mgodeols  35MgbJodols  gx@gegdol 53  gbom  bowgmol  dgoggool  ks@do
omEgbmdolash asb@goMmmgol dgbsda gdamdsbg (Desmet, 1992, Glaser et al., 2009,
2010).

RYJOIwIt0  Ggadgos Sbygy  dmogegh  gIbHOsGm Yo Joh@odbol
do@gdol, @oboig mob  Leggl 39M03m@@gmo  goddmbgdol  gobgoms@dgds.
do@3@0Jlbol do@d 3OmEyJ3ool gobsdodmmdgdl wydd o YxGgogdols dJog®
dobogna@o  3gdd@sbols  3mA3mbgbdgdol (IV  Godo  gmesygbol, @osdobobols)
bgg®g@os ©s dgbgbJodydo  gx@gEgdol  gosd@oggds. o53obylol 1T bmbsTo
bpgods 39389000 PXOgegdol 3OME0RJOS(300 ©> dmbmio@dgool
dmdoeobsios. sdsbmsb ghmowp, Ggsjaogmo bomgmol ©ydgegdol sbeml
s  o530bylol I bmbsdo goJlodwgds o0fdm  Px@gegool FOSbLRm@IsiE0s
domgod@mdasl@gdse (Callea, Desmet, 1985; Callea et al., 1982).
039bm g0 9B Mbyedog@Hmlimidygmo  ©s in Situ JodGopobsEogmo  33e93900m
ol ydgds, @®md  ds@GoJbymo  3OmEFgobgdo  dodomope  Lfm@ g
HbLFOGIodgdgmo  0Gm  PYxOIRd0Sb  podmogm@s.  oHm PR ORgdl
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3OO0 gOs305L,  FAObLRMA@Is3zosl  JomBodOmomslFgdboe s dom  dog®
dos@®oJlols 36O YJcosh S3MbAOMa gdls 30A™3obgdo, 396Jdmo,
A®oblgm®dgmo  bOol  goBmmo  dgBo. wowagbogos, @md  bomgaols
Loobo®gdol xdgegdo 53e0gbgb 9Jlddglosl G@obbgm®dye OOl RoJBm®
d9Bo-2 —oli dodsde (Milani et al., 1991) 0dM0a50, boswgmols Loobs®ols
YxO9géo  dohbgygmos  God@mDbol  gobgoms@dgdol  “3golidgogg®godee”,  @o
Lodmgmme 0{3935 GoGmbol aobgoms@gdels (doy.  30@ggeswo dogos@yao
3oOmbols s Jodggamso Ly gambymo Jowsbyodgdol o@mml) (Desmet, 1987,
2011). s3sbmobogy, Joensbpomzodgdol, 3gbgbJody@o 9x®gogdol, dodwgdsdy
do@3®0dlbol o bAPOL GoJBm@gdol YOmogHmJdgogdols dgdsbobdgdo  x 9@
30093 ©olobylEgdganos (Glaser etal., 2010).

3003900 @godmol  Ggpgbg@ogool  ggamoby o3BG 9o Yo
dmgeos 3sG oo (2/3) 39350 9dB™dos. 0dol aodm, @™ go@mspagols wgodeo
Jogmgobo spgdygemgdolos (dgoagds gOmdsbgmolisgsb 3GsJBogymom O Y s
3ob3om 3939090 6 Fogoolopsb), 3do@@oygeo 39358 gdB™adool (3-4  Foanols
dm@goangdol)  dgdwpgy wodbhgboano  mgodarols  bofogo 3@ ]@ogyeooe
06@oJBMos.  m3gdoioowsbh  1-2 330600l mogbyg  @godmo 3G ]J@ogyeow

LOgms smoEagbls mogol dobol s gl smagbs 2obdo@mdbdgdymos @godaols
35M9bJodymo s bowgmol Loobs®gdol ¢xdgogdol do3g@3amsboom (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). s3sLmobogy,
YX M9 g0l ddansgdo (Gogrwoligd®o) @gdanogooom dodwoboyg o3 3GmEgLdo
0B gao Ggodcos wogoJlodgdymo 5@ s@olb.

39353 ™m30dHgool  Mg3eogo3os  ssdosbols  @godeTdo  y4zgersbg  bdodow
30moMEgbds @godaols Jodoyg®o o6 godyglymo @sbosbgdol ob osbmJlools @MU,
>sdosbol  mgodamol  ©@sbosbgdol  3obamdygey@o  ob I Eomdym @ o

6930mbomn msb Leggl sGodoydo wyddgmygdo Ggedios, Gmdgmon geobogds
bgg@mbaymo  Fomoggdol 396059G0sbg. 58 Bodol @GgedEonm  ©9ldgmgdl
aVoegds  gbggeebsobsdgdo,  bymjnmsbyommado  ©s  wyddamgdo by
dogmog®o 3g3s@maodgoo (Phillips, Poucell, 1981, Desmet, 2011). olggg Gmym®g
JoOmbogymo  Joagb@obydo osgsgdol @amL  gobgomsdmgdyamo  sGodog®o
©adBawdo,  @godwol  (byo)dsbogdo  byg@mbol  Igdwaemd  Fo@dmJdbogro
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©9JHIL9G0 bHHPJH0gd0G Fgepgos 066 rogmo gxGIEgoolysh. obobo
508 gbl 0d9bm@goJaoygmmdsl Gmymeai Lyimgaoygmwo  md3mbgb@ols (Delacroix
et al., 1984), jo®30bmgdddombymo sbGopgbols (Gerber et al., 1983) >
3oBM3gMs@Bobgdols (Van Eyken et al., 1987), sliggg 39358™mEodgol do@zgmols —
seoggo-1-0bGoB®oldbobols  dododm  (Gerber et al, 1983). gegJ@d@mbyeo

dog@mbgmsogmo  3gargggoomoE  ©OLHYORYSS, G®I  Ogsjeogmo  ©JHImdo
‘dgoEoglh Igomgea® xOgegdl — aodEsdogom gm®@Igdl dgd3s@miEo@gdbs s
Josbyomzodgol dm@ols (Gerber et al., 1983; Roskams et al., 1991).

S3M050,  YXOJOms  @g3aogsioom  Jodwobsdg  3GmEgbl  dgodengds
shangl o6 5@ obeegl YAy g®o Ggsdios. gl ©s330M390s ©@sIsGHgdom
LEB0dgal Jdbol yddageg@o @godcool s@Lobs s dgdobobdgdol wsds@gdomo
33erggolbomgols.

AMmO3 9339 >00603bs, 06@9Odgoogmo YxMgegbo dgbodams Lomoggl
0goRl  Jg@obyol  wydOamgddo  yobmoygdymo  oggmboHPHo  @ytmgebo
PXOJOgoologsh. (byd)dsbogdo bgz@mboll dgdpamdo @gagbgdscool yggasby
SO gy Bsbsdo,  @mEglbo  xgO®  gowgg oM dgobodbgds  dgoxgome
aodmbs@ymo 0By g@o Ggs5j3os, 3mOFYmo BMs]Ggdol 39M0g9Mosby s
6930mbgdol 30dgdeoMge s@0bodbgds o igymo dzodg bmdol Px@gegdol
3ohgbs, @mdgamoi odgm mgomydo dodmgo s Ifodo FoFm3esbds. olobo
ogm bl 0d9bmeagsogmmdols  bowgmol  Lowobo®gdol  CK19-ols o
chromogranin = A-  d0do®on s dgogogl  bgodmgbomgmobya  a@sbyagol.
dgbodgoms,  os@bodbymo  Yx®gogdo  3sdmodydeggowgl bogmog®gdgdl,
OmIgemoi SO gdl 360dgbgarmgeb Gmel ®wgodmol gx@gegdol bOwsls ©s
©00ggMgbizodgdsdo (Roskams et al., 1991). @gag9bgdoiool dgdwamd  gsboTo

[ i o Yo [ [ A 95J@3os dgog0mas 3odmbo@gao 05 OIOPNRIGTE!
Jogsbaom@odgdo,  obggg  39M0xggdogmo  3g35GmEodgool  gasbiBgdgdo
3mbodoymos CK19-ols o chromogranin A-L 30ds@m. dmgengbosms  o3335M0
JOmbmamaog@o  0obdodwgg@mds Logo@oyme ©sjogdodgdbymo gbos oymb
“d3009 XM Jgool” b, Omam®aE dom glmegdbgb — “dgomdg 3g3s@mEo@gdol”
00590 96G0530sbmsb  ™mAogg  dodsGmygamgdbom:  JomsbpomiEo@gdo  ©s
3935@dmEodgosoe  (Roskams et al., 1991). olbggg GOmameag  JOmbogygmo

Joegl@eby@o ©oogogdobals, dm™ga9b9M o309 mgodaols A 95Jaoyeo
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9]dgegdoz  dgoasglh  PTHIP, @s3 o0  o@obodbgds bo@dyge  bswgaols
Lo@obomgdol g3omgmomzodgddo (Roskams et al.,1993). PTHIP Lbgo@olbbgs @odol
JxO9gogddo, EGF -olbs s TGF -0l oobbangdoon sLFodymomgdl  ©bd-ob
Lobmgbl o o3 abom Jmbsfoggmdl bOOL GoJBmamgdol Iy BogsJBm@ g
dodmJiga>do (Centrella et al., 1989; Insogna et al., 1989 ).

mgodgrol M9y96905i305do  asblsgymmgdomn 3bodgbganmgsbos @sdmwgbody
bOol gsJ@m@o (Michalopoulos, 1990): 3esbdol goBm@gdo, Gmam@o@Ess
EGF o HGF, dmgm@ 3 3935@3m3E0dgodo, sbggg Jomsbyomzodgodo 0§93l ©b3-
ol Lobmgbl (Joplin et al., 1992). go®msoyggodo 3s@@Eosmyg@o 39353 9JB®dools
d9damd  @godaols Mgy 9bg@szool  3oMggero  obpogo@m@os  3anobdsdo
39353mE0Hgool  bAOol  goJmeol  d3ggmdmo  doRgds. gl ggobsligbgano
Fo@dmopygbl dmgangboms gobgowols 2539390 dgdobobdl, @o3 yumolbbdmdl
SO gm0 396900l 9Jb3Mgloslt o 3g35G™mE0Hgd0l s 0™ PYxGgegdols Jogm
Lbgoslbgs bOoL goJBmdgdol gJb3ddgbosl (3g3s@mEodgddo — TGF-a ©o
5300 BodOMdmslBgdol bOwols goJdm@o (aFGF); odm gx®gegddo - TGF-B
s HGF). 33903, 30®moyggodo Gmam@ai bosmgmol Loobs®ol gy gogdo,
obggg ©9JdHU@g®0 PxOgegdo gsdmodydoggol TGF-a -, (Burr et al.,, 1993;
Collier et al., 1993; Hsia et al., 1994) @Go3 Logydggeel ygodenggl gogo@oygmm,
0md gl gxOgegoo dgbsdamms Fo@dmoagbegl TGF-4 -l ©g3ml, @mdgaoi
9o 9bggergmal  dol  godmmogolynmegdsls  3oMgbJodol  3g@odm@ @Gy
bmbgddo (Burr et al., 1993). dlgoglboe sdobs, @@ yto gx®gegool dog
2odmdydoggdygmo  PTHIP  Logos@ogome  bodmgamo  9bps  ogml  boOwol
QoJBm®gdols  3md3egJldo o Igbodsdolbo dmbsFoagmdsl 9bws o0wgdogl
©godeols osbosbgdom godmfggae Mgy9bg@siosdo (Roskams etal., 1993).

>sdosbols mgodendo 3g3sBmEgegmg@o bgi@mbom Jodwobstyg sOEgO®o
9L dpamdsdgmds gJl3gm0dgb@ g dmgerdo LAymo LobylRom ggd solsbgds,
093> bogrgm gbmggegddo dGsgomo byg@mpygbygmo @S 5M5bg30my9bgemo
Jodoyg@o  bogmogdgdgdbom  aodm{gggmo  @godeols  @obosbgdol  gdgmd
wogodbodgdygaos @godaols @gpgbgdoGos ©o ©gHImg@o Ggodgos. gggmaby
bdoGoe aodmygbgdymo bgzdmygbymmo oy396@gdos bobTo@ol Bgd®edem@owo

O D-goasd@mbedobo. 3o5M (3090 39353 9B ™dools Jogaolipsb
3obbbgoggdom, dsbog®o Jodoydo ©obosbgdol dgdpamd 3g35GmE0GHId0 ggme®
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9bOYbggegmal Lsgdo®ol @gagbgdoioslt, bogos®oygomo o0dol aodm, Gmd dsmo
0E0 M5MEIbmbds 035Mygds, b AmJlogy®o @sbosbgds xg® jowgg dememdwy
359033939800 3gdobobdom s0bdodo®gdl dom @g3anogsiosl. oslgm LodysiEosdo
5JBoudgds  “Ladgbgdgm”  gxdgegdo. gl dodmmgbs  gJL3g@modgb@ by
EsyMEbmdomn  Jodggmom asdmmdzgl Wilson oo Leduc-ds 1958 (geol. dom
9h3969L, @™3  mogg96do  Logggdom ddodg dmFsdgerol  Jgdpamd sy gbols

Bobsdo bomgmol yBywgdo (Jomsbpomangdo) Fo®dmJdbol dg3sGmEo@gol.

533 m®gdds  godmmdggl dmbobmgds, GmI boswgmol ©yJByergdol Yx®gogdo
Fo@3dmJdbols Lomgbgmgm ©g3ml, @mdgmlsi dggdeos googo@mmgml s@gseno

s [oddmJdbsl  3g3s@m@Eodgdo  @godeol  3dodg  ©obosbgdol, dog@®sd os@s

3oMogmo 39358 gddmdool  dgdwama. 930mgeny@o  YxOgegéoll  3mOE Yo

3039005305 (3obgopggdgero 0bhGo- o gIbHsdntHym  ©gdHamddo o
39M0bgols  dogns39ddo),  GmIgmoiE 3OmM@oxgAHodgdl  @godeol  Jodoydo

obosbgdol dgdoamd, ofmegds mgomy®  gxOgegdboe; SHIMYIL  dmama3
39350m30Hgd0l, slggg domogdo g30mgmomnzodgdol mgolgdgdls (Inaoka, 1967;
Lemire etal., 1991; Lenzietal., 1992; Novikoff et al., 1991; Petropoulos et al., 1983;
Sell, 1978; Evarts et al., 1987). dsm dgydmos ©ogxggbzodgds Gmames
bo@doemy®, sbggg wgod@ol bgm3msboy®d gxdgogdse (Evarts et al., 1987).
M3E@YO0 PR OJRIO0  00gagds  FogI@mBHoHYM0  @JOMgebo  PYx@grgool
Jomsdmdsgem gdse ( Desmet , 1963; Evarts et al., 1987; Fausto, 1990; Grisham, 1980;
Marceau et al., 1989; Sell, 1990). “gss9@@Bo@dgdo @gOmgsbo gx®gegdol” J399

0agolbdgds  gx@gegdol  3m3ymsios, @mdgmoi  Jlmgoaols  dmbggbgdean
damdo®gmdsdo sbdymgdl o3 Jlmgomol ©obodbyagdolmob sbmEomgdyan

139308096 B9bJEosl, Jog@sd odsgo@mymas, o3l bbgs Godol gx®gogdoe
B®obboxggagbiosizool 9bs®o s, dgbodsdobo, owoygbl o3 Lbgs Fodol
YX M9 gools 3m3ymsiosl, mygzo ol mgoms@eygbols ¥bs@o ©sgoGyymo o3l
(Falkowski et al., 2003). gogg@@Bo@dyto @gemgsbo Yx®gogdo o, msgol dbdog,
003@gés 3 g@odmGgbH @ gxOgrgdoR,  @Gmdmgdos  yogmgol  Igdwgy
Fo0dmgdbol m® Fgomgym gx@geb. gOmo Jgomygmo gxOgeo Fgbm@odg@se
@hgds 0gAMgeb x@gooE, dgmemg go 25blbgoggoyge #gbm@Go3l Fo@mdmowygbls
(Michalopoulos et al., 2007)..
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dgedogo  aobobagdo  Lolb@gdgddo, GmgmdoEss  gobo,  bosfaogols
g30mgeoygdo s 3gdm3dmgbydo dgamols @gobo, 3GMmygboGm@o o5by w@gdmgsbo
AXOgo0  AVy3adeR  ogmgs s Foddmgdbol  G@sbbodgm  gxOgrgdl,
OmImgdo3 ©0xgA b3l Lodmemmm gHedby godyogl 3Om@oxgg@szoyeo
5JBogmdols gybsdl (Hall, 1992). bo@dygen dpamdo®gmdsTo @mg@mgsbo 9x®gogdo
hoobozgemgol  ©odg®gdye  xMgEgdl, boaem  bbgowslbgs ©osgomgdgdols
OOl s@sagbl sbosbgdbye Jumgoels (Sell, 1990).

0godeo BHOSEo3Egms© aobobomgds 300mdomse aobosbangbow Lol@gdo.
boo@dygan  Jppamdodgmdsdo  xdgegdol  aoddogagdols  ybos®o  @sdsgnos,
©ob05bgd5bg  Ladslybme 3o momdol LEsdogydmo 3dg3s@mEodgdo 0fygogb
LYoy aod@ogagdsl.  dohbgymo  oym, GmI  3o@mdomse  asobsbangdowo
LobBgdgdo o@ Tgozoggh ®gdmgeb gxdgrgdl  (Hall, 1992). ow¢das, gl
93903963 90 FGoOMME SOl @godando W gAmgsbo o6 3G MY gbo@m@o
YX M990l s@Lgdmdsl. dspomoms, YxOgE@o 3@ gool  3geg3gdom
s@dmhbs, @md  Jodoydo 3g35GmgobEgimygbgbols o6  Jodogdo obosbgdols
d9damd  mgodeol  G9a9bg@sigool @AMl dgodg  bmdol  g3omgeygdo
YX 090960l 3gO03MOEF Ym0 33 Y5300 3OME0BJAS30mdL 3935 ™M30E oMb

s 0obldo o6 dom poddogagdedpyg. LYm@ge o3 9gx®gogdl 9fmegl mgsmag®o
JxOgogdo  domo  gm@dol  godm  (Opie, 1944; Farber, 1956). w@gobomgols

dohbgyyemos,  Omd  mgomy@o  Yx Mg gdo  ©o353d0Mgdygmos B g@dobsan g
bowgeol  Loobo®gdmsb, g.f. 3g@obyol  o@bgdbmsb. obobo  Fo@dmowagbls
5Mo35MgbJodygamo  Yx®gegbol  3gHgdmagbya  3m3gmsigosl,  @mdgmms
3533990 bofomo o53agbl Gmpgma i 9dfogeodo 3g3sGmEodgool 3s@ 396900
(OMMEA0(3ESS SEBS-BgBH™M3MMmEJobo), sbggg bowgmol Lowobs®ol gy ®gogdols
g9bm@o3l (Dabeva et al., 1993; Dabeva, Shafritz, 1993;  Dunsford et al., 1989;
Dunsford, Sell, 1989; Germain et al., 1985; Hixson, Allison, 1985).

Mmgo@Y@o Yx0gegdol bya dgomg bofomo ds0bz 3Ey@o3m@EgbGy@os o
aoohbos  3g3s@m@Eodgool,  Joesbyomiodgdol, 3obgdgolol s bofansgols
g30mgaogdols dodo® oy gdbom ©00xgmgbzosi3ools 9bs@o, sbig39,
39350 MG YEYao 5b Josbpomagegamyg@o godiEobmdol Fo®dmdbol gbodo
(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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SEMIYE  93dMombye  3gMomedo  @godao  dgepgds  3GOMygboRm@o
YX 09 go0lash  (3g3o@mbesl@gboliasb), @mdagdoiz  Fo®dmJdbols  dFogg
39353™30HgOL s bowgmol Lowobs@ol 9x®grgdol. gobgymmydo Logmiggool
(dbO ool wgodanols 3m@Fymo FAsJBgool gdzogomgbBo) sbanml dwgdomy
3935@mdemslidgdo [omdmJdbosb 3@odoBoga Loobdmgsb LE®Y]@yagdl, g.§.
“boobs®mgob  go®xodgdl”  (ductal plates). “Lowobosdmgsbo  go®go@gdo”
396mBH03YOoE MmgsmYMo YxMgegool gzogomgbBos ©o o3agbl gJb3@glosl
OOmO3 39350™M30Hgo0L (s gs-ggBm3Om@gobo s  semdydobo),  sliggg
bowgamol bLowobo®gdol yx@gogdol do®zgmgdol (Godmgg@sdobo 7 ©s 19)
dodo®o (Fausto et al., 1992; Shiokiri et al., 1991; Van Eyken et al., 1988; Desmet, 2011).
Lbogo@oggems, MM 3Gmygbodmmo gxegegdol dzoMg Gomgbmds sy®dge gdls
>Olgdmbdol dmbOwogols ©godaendoiz ©s obobo, GmamOE 9339 ow@0bodby,

e gomobgdbymos  bowgamol  abgool  ¢fgMomgl  gomgyegddo, 3M@OF Yo
B®oJBols s 3oMgbJodol doxbsby.

3B Y090bg ho@o®gdbymds 33agg96ds  ©ossLEYMS, MMI bm@Iogny®
3935¢™m30AgOL o goshbos  gembol  Fo®dmJdbol  ¢gbsdo s  @godenols
930mg@ @0  YxOgogdo, GMImmgdoi N VILNo sgemgbl 3g3s@mEodgdol dlyogl
396J3090L, Logo@osygome @gdmgobo 9x@gegdosbh ¢bps omgdegl Lomoggl
(Grisham, 1980; Tsao et al., 1984). dgEo, Grisham -3s (o@dmopaobs jmbig3ios,
Omd wgod@oll WgAmgebo Yx M9 gdo “@o39@BoB @07 olbobo sJBoydEgds s
3OM@0xgAs30mdl  dbmegme  3590b, GmEgbsi  dg3s@m@odgdol  ddody s
boba®demog ©ob0obgooll mob gOmgols domo @g3gogoiools obdodomgds. Wilson
s Leduc-ol 33emgggdoi gomsbbdgds “gogugmBedoyg®o mgmmgsbo Yx®gogdols”
0905l 03 dop9d0m, GMI WgAMgobo YxMJgoo ©s35gdoMgdymos bomgeols
9] gdbmsb. Lemire -3 ©s moboog@mmgods  H-thymidine —om  3mbodgbom

©9dHALIO0  gx OIS0l gHodmmobIol  Fglfogarol  Ygpgase  Fgdwglh
ogEa0bsm o3 gx®gegdol  ALasglgds mgomyd  PxOJEgomsb ©s d3oGg
39350 ™M30HJOmsb. bomgemol Logdomm Loobs@ols aoszgobdgols s bobdo@ols
B9BOsJm@owon bgdmJdgogdol 3mddobsios ob @goderol  ddodg osbosbgds
QYA5bom, 3@ gbls Joasbpomegdol s lgdmdsl, MmImgdoi dgoiEogl Gmama 3

bowgamol  Loobodmgob  gdomgayg®  gx@gegdl,  obggg ©9ddamad
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3935¢™m30dgolb. gl Jmgemgbs  9hggbgol  wydH o PxOgegoolasb
39353m3E0H ool TomdmJdbols dgbodengdenmdsls (Sirica, Williams, 1992).

mgodgol  AoJlogdo ©sbosbgdol dgdogy ©3ddugdo GO gegdosb
3935¢™m30d ool [omdmJdbs ol y@egds o@s  dos@FMm  @godendo, sMSIg
35b3@goldoi, @o3 o3 ¢gbmdghl yx®Mm 9boggdlLogy@ol Lobgl odanggl: 8-9

33000L  2obdogemdodo  go@mopaggdl  8dymygdebgb  Ig@Gomr-ogR0E0RY®
©ogBoby, @3 ofg930s  gabmg@obymo 35630 golols  3dodg  @sbosbgdsl.

3gbmggegdols bo@dyan 339609 gowoygebol dgdwgy Jlmgogndo dgdm@bgbogno
Lbo@obos@mgsbo LE®Y]dudgdo Fo®dmdbows ¢gbmEodyg@so ©s dom@myoyg®o
030Lg69500 3935@™ME0EHJO0L, s oM 35bz@goliol 530byMo Yx®gregdols Ibgogl
YX 09 96L. 530by®o LEHOYJAYOgdol dgoodgbom Abydbydo obosbgdol WAML
30, 3935@m@EoRg ool Fomdmdbols bosiggmsw, sEobydo LEAOY]HYGOgdo 0fygdos
093969053006 > M@Ysbml seEagbsl.  sdMopoE, 35biMgolol s @godanols
Lbo@obos®mgobo  Lo®gdgdo, @Omdgammsi  aoohbos  Logdmm  gdddompygby®o
(o®dmdogenmds, 0bo@hybgdl 3g3s@m@odgdol (o®dmJdbols ¢bs@ls (Rao et al.,
1988; Raoetal.,, 1989; Reddy et al., 1984; Reddy et al., 1991).

003000600 dmbodgbom ho@ ot gdeyan 94b39®0d963 90do
SYOHMOSOOMYASR0YE 3309390y oyMEbmdom, Zajicek-3 s mobssgBmmgdds
(odmoyggbgl “go8pobomyg @godenols” (streaming liver) gmbiggaos (Zajicek et al.,
1985). dom  0go®oygl, M bo@Iyge  Jpgmdsdgmdsdoiz  go  IyYodogow
d0d@obs@gmdl  3gMobgol  s®bdo  @mgsmobgoymo  Ifoxgesmo  wgdmgsbo
YX M990l bgao 3GME0BIAs30s s 0RIAgbiosi3os Mo 3F0xgg wgdmgsbo
PxOgeol - 3g3s@m@Eodolbs o bowgmol abgdol  g3omganydo gxdgool -
dodo@mygan gdom. 39M03mA F a0 39353 ™30 gd0 OISO OO
39bH®omydo  ggbol dods@mymgdomn (o530bylbol 39M0xg@oolsggh). dom mob

dobegsgl  gJuHOsEggmy@o  osG@odbo s sMa3o@gbJodyymo YO gEgdo.
39603969  dowsdmTdo  olobo  goboEosh  o3m3BMBL.  ofgosb  aodmdpobody,
mgodano  dgodengds  aobgobogmm  dygwdogo  bgms  aobosbangdo Lol gdsg,
Oemdgols ,,obsgasbOygmmo” bofoamo aobensygdymos 39M03m@ R s, boanm
»0389@ gd o — 39b@@smy@o ggbgdols Jowsdmdo.

[3

Sigal-obs ©@s 0obs5gB™MMgdol sbMom @godemo “@gdmgsbo gxMgogdol ©s

domo  dmodmdogangdol Lol gdss” bodo bofomom: 1) @gdmgsbo gx®gogdols
bofogmo, @mdgandoig 9xOgegdo 509l FgHomyd ¢gbm@odl, YxOgoymo
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3ogeo  bgews  30dEobs®mgmol s obosbgdsl bgans  3olgbmdl; 2) dgmég
bofomo  godmogdgdygmo  gygbjioom  (amplification compartment) @mdanols
YXOJegdo3  SAoMgol  0bFg®Mdgoygm  #gbmEedl o  ggdm  L{OsgowE
3obygbmdgh  @sbosbgdol o  3)  Gg@dobogydo  ©oxgdgbiosiool  bsfogro
L{®ogem  ©0g9Mgbodgdoo Mg gdom, OMIGEmsE  ©o3oMAgEo  oJgm
3o9mgol  gbs®o.  mommgyeo o3 ULsdo  bofogol  yx®gogdol  ggbm@Eosdo
930053 gbow 3obolbobmgmgds  domo  sSbosgom.  dodpgdoty do@®oJlols
d9doygbermds  9bogm@dgmo 5@  osMol, mydze PYxGgoobs s dsG@odlol
YOM0gO0 Jdgegdsd dglsdemms 0059 9b30Mmgdol 33056 9B390bg3 dggomml
g9bm@odo (Sigal etal., 1992).

©gOmgobo  Px@gogdol  sgGogogool  bylGo  dgdobobdgdo  x9®  gowgg
a0bogds. AMAMOE 9339 ©3©0bodbgm, ssdosbol  @godando ®9gOH™Mgsbo
PxOgogdoll  @emgomobsigos  doohbggs 3gO03mOGHYo @ gyombo. sesdosbols
boo@dygan  9ddGombya mgoderdo  3m@Fymo  ggbol  gobd@mgdgdol o
Lboobs@ols QoOGoAL dowsdmdo 0396m30lEmJodoydsw ge00bgdo

YXOJOY0 3039530900, OMIgdoz  Fgbm@Go3@o  0dgm@ ol Amam@ 3
39358™30dgo0l, sbggg bowgmol  Loobs®ol gx@grgdol  dobolosmgdargdls.

5©530560L gY@ o bgmbs@omy® wgodado Loswobs@mgsbo Qo@Rodgdo
(ductal plates) s 0b3m@3m@0@gdgmo bswgmols Lboobo®gdo o3 gbls wswgdom
9Jb3aglosls PTHIP —ol 0ds@m. 4-5 (eool sbsgobmgol PTHIP gJld@glos Jogds
o  dmbOomols  ©@godedo o8 Jodggdol  gJl3dglos  s@o®  gaobpgds.
095 0B gmgddo PTHIP bgmsbsemo  gb3dglos  sdgodgdls  mgodenols
©gmHmgobo YxOgegools bomgmol Y@ gddo (3g@obaoll s@bgddo) (Roskams et
al.,1993) selgdmdol gmbEgdgosl: @godmols Lbgoslbgs Lobol  @obosbgdols
aml  bel-2 30m@m-mbimgygbols  3@mEgobol  asdmgengbs  begds  sodosbols
broo@dygen o 3OM@oBIOoMgooE bomgmol 9By gddo s dEodg bmdol
Loobo®gddo (Charlotte etal., 1994).

@godmols J@mboggao  JomaliGaby@o wosgorgdol OOl gl amg®o
095J300L ge@@slagd@dgagemo dgbfsgmon swdmbhgbogno 0dbs sbogo Godols
dgody  bdmdol  gdomgmygGo  PxGIro,  (Qgemgebo  gx@gro),  GmIgmoa
009890 9bG0MOw ds 3oMgbJodye o6 bomgemol Lswobo®mgsb yx®gosm (De Vos,
Desmet, 1992).
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bo@gaol Lowobosdgdol ¢{g@Momgl 2o6dBHmgdgddo @gdmgsbo gx®gegdols
s®Olgdbmdol  I@ogogmds  gJldMmgMmodgb@yeds  oEslEYMgdsd  sbogno  dydo
dmdgobs @3B gto  Ggodaool  Rgbmdghl. ®godado  Lbgowslbgs  Lobol
YX M 90960, dom ‘deordols 3003 9b@ o ©gamgsbo YN 9090,
©00xgMgbzosi300l ©OAOML >3 9bls d60dgbgamgob 3R ogydmdsl.
39350™M30Hgdo  ogegbll  bowgaol  Loobs@ols  gdomgey®d YO gogodoE
“BEsblpogg®gbiosgool” 9bs®dl s doMoom, bmpogOmo Godol bswgmols
g30mg@ o PgxOgeo  ogargbl  gbsdl  Ygoggoel  ©oggdgbgosizool
dodomygangds s [o®mImJdbols 3g3s@mEodo.

ogolbsmngol 99bm@0dydo ©oxgMgbizosool  “gos@mgol” dgdobobdgdo

XgO 3oegy ggerggols o obyLlR ool dJmombmgl. sbggg ©olabyb@Ggdgeros
g mgsbo x@gegdol 3g35GmE0dgdsE, bswgmols 3bgdols g3omgmomizodgdow
00990 9b3osEool  dodgaymodgdgamo  RoJdm@gdbo s  domom  s@d@ Yo
d9do60Bdgo0lL L hoGmgol® gogdo o 3oMmdgdo.  LOYPmymPogmsw  s@ols
3odmboggerggo  @godaol  ©obosbgdol  dgdwamd  @gdmgsbo  gx@gogdols
3O 0g9@ o300l 3>ddg960 dgdobobdo. dos@mognos, >d 360 m3gLdo
3obLobwgd o @meno  sgolGosm  3m@IMbgdl s 3ewobdyd  bOwol
Qo JBm®gdl,  dop@sd 539  Ybwos  o@0bodbml, @md  ®godaols  Foansjgddo
eddaato  Ggafaos  gmobpgds  oGs  agbg@omobgdygmon, SO
Lbgowolbbgs dm@Egammdom, @s3  godmdoabogl  dm@odgygesigog  3eosbdyg@o
BoJBm® 9ol gosdfygg® 360dgbganmdsls (Desmet, 2011).

sbans  aobgobogmm  3g3s@m@Eodgdol  wudHuyyg®o  3Gma@ogg@hsiool
Lo gombolisdo dodmgbogoo 3320939500 bma0gdmo ‘d9090, (ONYE!

aolsmgomolifobgdgaos hggbo 33er939d0l dgogagdol 0b@gm3@gdeioolsmgols.
3935¢™m30dgd0  ©s  domoy®o  gdomgmoydol  xGgegdo  JobOEomols
wgodendo  [o®dmowagbl dToggg 9x®gogdol m@ Fodl. olobo 93d@omygbgbols
390omedo  [omdmoddbgds  3g3o@mdamsliBgdosb.  3mb@Gbos@omud  3g@omedo
mgodenols obosbgds, Omdgeo ‘dg @ gdygenos 3935@™30G o0l
3OM@0xgAs300l oo M 3g5Lmasb, 0§ 393l “mgou®o YX O g gdols”
3OO@oggahogosl  (Aedebymgdby  Jowgmodgdyga  Jsmmmmyogddo); gl
935b60L3bgabo  aoMs0ddbgds  3g3o@MEoR oo s s@oEygbl  mgodemols
300 96J0dol ooy yen bofoenls (Alison et al., 1997; Evarts et al., 1987, 1989, 1996;
Golding et al ., 1995; Lazaro et al, 1998). opodosbols @osgs@gdoms
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dobGm3smmemaosdo o3 xegegdl gfmogds “@uddygeag®o 3g3sGmEodgoo”
(Fiel et al., 1997, Haque et al., 1996; Haruna et al., 1996). s@b0dbyeo x®gogodo
>80 gbls AymO3 39353 ™M30HJomsb, sliggg o oY® YN Mg gomsb
sbmzodgdygmo 296960l gJl3dglosl s godmgmobegds IMsgogo osgswgdol
el - d73539 39353 0Boesb 30@ggeso  domos@ygmo  30@mDbol homgeom
(Vandersteenhoven et al.,1990; Crosby et al., 1998; Crosby, Hubscher, 1998).

@by gdbyg ho@omgdygamo dGogomo gJl3gMmodgbBom wossb@y®gdyeos,
(M3 mgomyg®o YxMgegdo Foddmoldbgds dogoyg@o gdomgmoydol mgolgdgdol
dJmby @wgmmgobo YxMgogdowsb ( Paku et al.,, 2001; Paku et al., 2004). mgsgoy®o
Px@gegdoll  Fobosdm®dgogdol aobmoglgdol swaomsee  dohbgyeos 39@obyols
sMbgdo. gl odbgdo  [o@Imowagbls  3g35@mE0dgddo  sbae{e®mdm Jdbogno
bogmol godhodo ©ydhawa@o bob@Hgdol sodggee LHAYIH 9O 9O geb,
dogroy®o  gdomgmoygdon  ysdmggbogr  dzodg ©yJdYegol,  OmIagdog
5353do® 9oL bo@genols 303080 5@ gdls 3mOG Y0 A®sJBob doE 0@
E9]dNm@admsh.  sdpgbsm,  dg®obaoli  s@Gbgdo  Jhow@m  gogBodTos
3935H™E0HId0s6. dnbgdbs dg@obaol s@bgdol Log@dol ©s 35GodgE®gd0l
3obLobgds o oEyobs, @md gl oMbgdo ok@gdosh Foanosgzol Low®mdgdo
(Crawford,. 2002; Falkowski et al., 2003; Saxena et al., 2004; Hytiroglou et al., 2004).

Mgo@Y®o  YXMgegool  3Om@oxgg@sgool  aodm{ggzol  swos®gdyao

dmgao 29eolbdmdls 35M (30 39350 9dB™dosls N-2-539B0%0-
sd0bmgm @ gbom (AAF - N-2-acetyl-aminofluorene) aodm{ g9

0b@dmJbogogosbomsb  g@moe (Evarts et al, 1987). 3s@@ogeo 39358 9J®™dos
(PH(X)) sLEodygmomgdl 393s@m@Eodgdol 3Ommoggiszoslt, Gsg (omdmowygbls
©30d@ols  G9296905300L  bow@ds@mado  3Gmaglol  ghm-gh0  Fgdopy by
bofol. AAF ofg95L 39358mE0dH 0l 30m@ogg@szool 0bdodogosl. PH(X) -ol
d99amad 3-5 ol 3obdogamdsdo mgodaol Fomszol 39M03m@@F e dowsdmdo
3520bEgds  mgomyg@o  PgxOgRIdo.  §3mggdds, @mdmydoy  gydbmdmes 53
G030l gdl3gMm0dgb@ e  dmpgel, godmogmobs, @md  3g@obyol  s@bgdols
3>303g960 gx@gRgool godrs 306GHYm@o bowgaol ©giHymgsol g3omgmy@o

YX M990 dgbodgrms sbggg Foddmowagbogl mgsmy@o gx@grgool (yodmb.
AAF + PH(X) -0l d9doamd, 1-2 ©eol gobdsgenmdsdo 3m@@ymo 9@y gdols

do@os@ygeo g3omgeoygdol do®Mmnggddo brpgds 3g35@™MmE0HJomsb sbmEodgdyemo
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B®oblgMo3zogmo  GodBmmgdol  godmgagbs, ®o@3  Logs@syome  mgs@y@o
YX 09960l Fobodm@dgo  gxOgegdoe  oJBogdo  HOsbloxggdgbiosiEoom
soblbgds (Nagy etal., 1994).

oEsbGYMgoygmos, Gmd  dgmoagbh  @osbogrobom  (DAMP)  dogroydo
g30mgaoygdol  Fobol{o®o  ©obosbgds, 50b30do®gdl  mgomy®do  Yx@gogdols
(o®dmJdbosls AAF + PH(X) dg9dppamd (Petersen et al., 1997). 53 ©o330039d053
ooEslRYaS, OIOL:) Mg @0 YN 9 §bo0 Fo®3dmodbgds do@o@o
F0bodm@dgogdoliasb. mgomyd 9x®gegdbs ©s dowoy® g3omgmoydl do@ol
ddo@dm 3539000  @slByYdgds  Lbgs  d@sgoamo  podmgygerggomsa. ol
dogomomo, Strain —ol s  msobssgdm®gools 3gegggoom  bobggbgdos, @m3
Mgo@yY@o  YxOgegdo  sSsdosbol  mgodanol  bom3GeBgddo  dogmos@yao
o390 9d0l, Bel-2 -obs @ws bgo@mbyeo sedgboydo dmergggeol dodsdm (neural
adhesion molecules) sgengbls 30md3@gJlyd gJl3@glosls (Strain et al., 2003).

PH(X) —ol Jgdoymd 6-8 ol asbdogamdsdo  mgo@myg@do PN G gogdo
30dm039 35390l A-ggAM3MMEJobl s  aoMEs0ddbgds  sendydobols s
39350™M30Hgomsb  slmzodgdygamo  Lbgs do@y3gogdoll  dJm3dmeydiog 930ty
3935¢™@30dgooe. IJ3godg  3935GmE0Hgo0  gOmggos  Fomosgol  dobGmemyoy®
5MJ0B9dBmbogsdo s byl 9fgmol @god@mols sgodayeo dobol sy gbsl.
Jodoy@0 obosbgds, PH(X)-obogob goblbgoggdom, dmggosbgdom gobsdo 0393l
M3o@ @0 PXOJgdol BOSbLgm®mdszosl dg3sdmaodgdsw (Petersen et al., 1998).

Lbgosolbgs  gxdgogeo  d9J560%3gdols  ho@mgol  bybEo  Lgds s
SEam®0mdo X JOXJOMdom 5O sMoli oy gbomo, MYIEs oESLE YO Yo,
@md  obgm  gomo®gdsdo, GmEalsg @godaol  dobol  @sgodygol  dgdogy
3935¢™30B oL ogodamo odglh god@dsgangbol 9bs®o, dogmoy®o gx Mg gdo
B96d30mboOgol dmumOGE FogAmBHOHYO0 O™ YXOJRIo0 ©S >@oEY bl
mgodenols dobobs.

5dsbmobogg, 9bps s@obodbml, @mI bmpoghm 3geg396do bohggbgdo ogbs
5ol Lofoboswdwgam  d9Jobobdo - 3g35@mE0dgool  FOsblrogghgbiosios
do@oy@ XM gogdboe. d53d30L s JmbOomo sodosbols @goderdo dodwobod g
bowgamol  gbgdol  Zommenmagoyg®o 3o gdgdol  (3o@ggmeo  dogoy®o
3oOmbo  ob  3odggemswo Ly g@mbygmo  Jowsbrodo) ©Omlb  ©sd@ oG
mgo@y@o  gxOgegdbol  dodgg@ol - OV-6 -0l s6OLgdbmds 3g3s@mEodgddo.
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0JU39@0dgbdHgm  JoEgmyddo  pobbm@iogagdygmds g3 gs9dds,  Joarob-
09930300900 ogdols ©s/shb dogos@ygamo Gmbobol — ANIT -0l yodmygbgdols
qembbyg,  aodmogmobs 393 m@E0dHgdo,  @mdawgdoi obegbl  domos@yye
doM39M90bg gJL3@mglosl. F@sblygby® moy39dbyg asbbmdogegdye mgodarols
obosbgdol Jmegangddo osbiggg godmgeobes, @M 3g35GmE0Fods dgbsdanms
Fo@dmJdbols  mgo@mydo  gx@gegdol  mgolgdgdol  dJmbg  YxGgogdo. o3
3350939630 bohggbgdos, OIOL:) 39358™30dgd0 580 gbls 9Jb3AgLosls
Joesbaomzodgdmsb sbmEo®gdye  3o039090bg, Ao bogydggml agodanggl
30350059 mm, MM JeOwbymgdobs ©s sSEsdosbol @godando  3g3o@™m 0@ ol
5J3l bogmol abgool g3omgea® gx@gegdese FH®sbloygmgbiosigool gbsdo.

Strain -3 s  m5bosgBMmMgdds  osEsolBydgl, @Gmd  OV-6  dodzgdo,
Omdgmoi bo@dgmse  9Jl3eglbodgdl @by gdol mgs @ Yx Mg gddo,

©9Jd 90 BoORoRol PYxOgogdls s sEsdosbol  dg3sGmomsolRgodo, oliggg
9JL3AgLoMgdL  sEodosbols  3g3sBm@EoBgdol  aMmggddo  @godaols  d@sgogno

©055350960L AML, dsm dm@ol olgmgdol, Amam@oEss dogoyg@do SAGgbos, A-
1 56@0o@®03bob ©ggo3odo, 3oMmggeso dooydo EoAmMbo s 30Mggeo©o
L gOmbyamo  Jomsbaodo ( Crosby et al., 1998; Crosby et al., 1998 Strain et al.,
2003).

sliggg bohggbgdos, GmJ O5byge 39 @yt gddo ‘dgLoder gdganos
39350™3E0H ool goMesdbs domoy® Pxegogdse (Michalopoulos et al., 2007). 9
330939030 asdmygbgdyge odbs Fisher-ols godmspggdo Jodg@dyeo @godeom.
83300  @godedo 3930 m@iodgéoll  bofomo  Fo®dmJdbogmos mbm@o
©0393@ 0o 393@opsbs IV 3mbodoymo (DPPIV) Fisher-ol go®maspggdoligsb. gl
39350™E0H oo sgamgbl  gdb3@glosl  gbbods@y®d  dodggm  DPPIV -byg. gL
dodg900 o6 gJb3dglodmegds  (DPPIV)-bgyo@oyd  Fisher-ol  godmspggdols
3935¢™30dgobs s dogoy@do g3omgmoydol Px@gegddo. JodgOygamo mgodgols
JobGmemaos s{gdomgdon o0dbs segdomo Laconi —ols ©s msbosgdmmgdols
(Laconi et al.,, 1998) o Shafritz —ols @o msbssgdmmgdols (Dabeva et al., 1998; Oren
et al.,, 1999) dogd. dogoygdo gdomgeoydol yYxOgegdo, O®Imgdbo ogwgbos
30boBoygd  gJl3d@glboslt 3g3s@mEodgdol DPPIV  3o@390byg, s@dmhgbogr  odbs
Jodgoygamo  mgodgrol  m@aobym  JymBy@gddo. gl goJBo  solGy@gdls
39350™30Hgo0sh  dbomos@ymo Y@ gegdol  Fo®dmJdbol  dgloder gdanmdsls.
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dmagosbgdom, slgmogg dgbodengoemmds oslEyhos Ebmggagdby (in Vvivo)
939003963 93doi:  DPPIV-3mbo@oydo  Fisher-ols  go®mogyggddo  bowgemols
bog@mm  Lowobs®ol  aooyggebdgol  dmbogglh  dognoygdo  g3omganoygdols
YXO9ggboll  asdmog@gdygmo  3OME0xg@s3os s 3MOGY@  H®s]@godo
dOsgemmdomo B yegdol §o®mdmJdbs (Sirica et al., 1992; Polimeno et al., 1995).
dop@od, Omegbsi  dogoyg®do  gdomgmoygdol  Px@gegdol  3OM@0B OSE0S
oG gbymos  DAMP-omn  bgdmdgogdon gmobpgds oo  @Gompgbmdom
39353 m3E0Hgo0l oM dbs dogoyd xmdgogds (Michalopoulos et al., 2007).
B®obboBmeymo  3gmomgdgdo  s@o0bodbgdms  39M03mAF Yo Josdmls
39358™30Hgddo,  oblogygm@dgdomn  go  3m@FYmo  GOsdBgool  dJmdoxbogy

39350™30Hgdd0. gl gx®gegdo gJb3g@m0dgbBols dogrosb SO Y GsboTogy
o3 9bebgb 9JLddmglosls OV-6 dJodsdm — DAMP-ol a5dmygbgdowsb 24 Lssomdo.

dogos@ygeo  dos@ygdols - CK 7-0l  gJl3dglbos  jo  omobodbgdmes 33006,
bowgamol Log®om Lowobo®ol aomoizgobdgosb 3g-7 wwgl. gl 3geomgdgdogs
‘d93mogo0y @ gdmEs 39M03m® F g0 dowsdmmo. Logo@ogome, OIOL:)
39M03mO @G g@o  dosdml dgd3s@mEodgool bsfommo gobooll mobpsmsbmdom,
bofogmo 3o LF®og ao0©sJdbol. 3m@@gmo F@osegdols oGygeog  9x®gogdols
@gogools  (ring) (o®dmJdbs, @mdgmoiz GgbmGodyn@se  boboosmpgds Gmames
39358™30dgod0b, sbiggg Jogsbyomzodgdols ngoligdgdom, 3353mbgdls
993M0ma 969bol 3gMmomedo asdmgmmgboa Loobos®mgsb godgodsl (Haruna et
al., 1996; Michalopoulos et al., 2007).

bowgaol Log@mm bowobs®ols gowsjgebdgoesb 30-9 owgl, 3gds@mJlognob-
gmbobom dgmgdboan JoLEGmemaoyg® Sbom@gdby s@obodbgomes IBsgemdomo
bogmol  @gdhamadol  Igdggomo  yogsdmmgdygmo  3o@GYmo  HA>JHgdo.
dOogomo ]G gms o3 gbws 3mbo@oy@mdsls DPPIV dodsdm.

Mgo@YAo  PxOgogdbo msgosbmo dgbodamgoammdgdomn yggmodbg osbermbiss
mgodgol ©gAmgeb Y@ gogdmsb. DAMP bgdmJdgogds o@ygboglh  mgogoy®
gxegogols  (Petersenet al.,, 1997). gobsowob  mgsmydo  gxOgogéo  ©o
Jogsbaomzodgdo BgbmGodydom a3l g@mdsbgml, oo sgwdbsmmbdomn DAMP
dombgis 03039 bgdmdgogdsl obpgbl. DAMP bgdmJdgogdol dgdwgy DPPIV-
3mbo@oyg@o 3By gool Goibgol 33390000 bOs Jgogome Jogmomngdl, GmI
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olobo  Fo®dmo0ddbgdoob 39353 mE0dgoolash (bmdbdogos, @md 3g3s@mEodgdo
@9bobE 96 geos DAMP d0ds@m) (Michalopoulos et al., 2007).
50Jgob godmdEobody asggmes oligghs, MM  bsmgamols Lsg@mm Lswobs@ol

o5 3356dg0ls ‘d9dyma 3O 0R9OH0M Jo @0 9@ e gdols bofoao
39350 ™M30EHJd0sb >0Im(39bwgds.

535Lmobogg, s®os bohggbgdo, @md Fbmerme bswgmols LogBhmm Loswobs®ols
mgebools OO (DAMP-0m bgdmJdgogdols oM9d9) bogdmogls
39350 ™M30EH o0l BOSblrogg@gbizosiEos dogoy® gdomgeomodgdsm.

53 @odol ggaggol dgegagdo d60dgbganmgsbos @godeol @9y 9bg@dsioygano
domgomaoobsmgols.

Johbgyaos, M 3OMHM M@0 - bswgarol bogdmer bspobGol gowoyg06ds
+ DAMP, @odpgboedyg 3go35 PH(X)+AAF 3Om@mimal, @dmdgmoi asdmoygbgds
Lofoboosmdwgam dodo@myyan gbom 3obbm@ 309 gdyyao (3o gdgdols
0byJaoobomgol, oby  Joesbpom@odgdol 3g3s@mEo@gds gosdwsjdbolsmgol
(mgo@yg®o gxOgegool “LEswool” asgemom) (Michalopoulos et al., 2007).

ngmegds,  OmI  ©g@mgsbo  gxOgegdo  Lokodmgdol  dgdmbgggsdo
Sy 9bbgb  3g35@m30B oL o6  Joamsbpomzodgdl, xg@ gowgg o  s@ob
Jagaeo sJlomds. o35bmobsgyg, ool YMgdYos, GMI sOSLEbEsOE g0
092969053006 300™3g6To 393o@ME0R Y0 s Jumsbyomizodgdo [o@mdmowygbls
Qo3BG YO  ®gamgeb  gxdgegdl gomdsbgmobomgol.  dg@obpol  s@bo
Fo@dmopygbl  3g35@m30dgdobsmgol  gogymBedy®o  @gdmgsbo  gxdgogdols
Fgommb. 3g@obyol o@bo olggg Fo®dmowagbl JoasbpomEo@gdol ogsbysdols,
Omdmgdo  dkodm  35390@To  0dymgzgods  3g3oBmEoBgomeb s 0k@gds
Joesgol Low®dgdo (Crawford, 2002;  Theise et al., 1999). 3935@m@E0dgoboi oJal
9bo®o  godmogmobml  Foggm@GoGy®o @gdmgobo  gx®gogool  mgoligdgdo
Jomasbpomzo@gbobomgol.  sbgmo  3g35GmEodgoo  @mgosmobgdygaeo  s@0sb
39003m@@ e dowsdmTo, mydzs oM oMol godm@ogbyeo, @md  sdogy
ngobgdgdl  og@gbegl  Lbgs,  Fomogdo  ggdm  @odse  @mgomobydgmo
39358mzodgdoi (Michalopoulos et al., 2007).

mgodenol  35096Jodol oo  dosbol  “eogodygolol”  @oir  dgodangds
aodm 3990 ogml PH(X)-0m o6 CCL4-0m 253m(399eo ©sbosbgdom, mgodanols
09396905305  J0dEobs@gmdl  Ygoomgdon  ©g@g®doboMgdbym  YxOgoms
3OO@oPIH>3000:  dg3shmEoHgdo  Vo@dmddbol  dg3shmiEodgol @
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Josbyom@odgoo — Joasbyomzodgol s o.9.  (Michalopoulos et al., 1997).
09296905300 3OmEglbol  obsldyml  begds  @godanols  dsbol s gbo.
dop®@od, 03 d9dmbggggddo, OmEgbsi 3930 m@EoHg ool 3OM@0R ASE0YEo
5JBH0gmds womGaybymos (dop., AAF, G9dOm@Dboboll s o. 9. godmygbgdolisly),
39003mO @Y Josdmdo hbpgds mgsgy®o gx@gegdo, Gmd@gdox msbpsmsb
©089M96G0MgRges  d930HMEoGHIooR.  ggams gl goJho  dogmomgdl,  Gm3
Mgo@y®o YxMgegdo  FomImoJdbgds bowgamols ybgdowsb. jgMmdmeo:

1. 3300y 39353mE0dgdoE  2oMs]dbsdpg mgogu®o  PxOgegdo 53 gbls
930 glosl dogoy® dom3gmgdbyg (Yin etal., 2002).

2. PH(x) + AAF 3Jb3g®0dgb@yer dmpgmdo bowgmol 9@ gddo
(ARG bgds 39350 ™ME0RJomsb sbm@zodgdygano B®oblLgMo3ioygmo
35JBH™Mgool @mbols dsGgos (Nagy et al., 1994 ).

3. PH(X) + AAF d93ppam3d 340lgg dogoyg®o Hmbobols DAMP -0l godmygbgds,
aodm@ogbogh mgomyu®o gx@gegdol s@OLgomadsls (Petersen et al.,1997).

Logodomme  @hgds  mgoy®o  gx®gegool  [obosdm@dgroo  ¢x®gegdol
bylEo  @migomobsgool  bogombo  bowgeol  a0dmd@eb  LE®YJEymgddo
(3g®0bgyol s@bo ©s/ob 3m@OFYo G gdo). 3OMdagdsls Jabols olog, G™3
3g@obaoll  o@bo o  0bFH@S3MOF Yo bowgmol  yJHyms  goboboangds
OOamO3  9gOmdsbgmoliysh  aoblbgsoggdoyemo, gLz gboydo s g@bs@oggdo
(Nagy et al., 1994; Hixson et al., 1997; Yang et al., 1993; Faktor, Radaeva, 1992;
Theise, Saxena, 1999).

>mbodbyemo 3O mben gdols 3odm, 3obLoggm@gdbom 30 0@ n®
@ 95J3oolmsb  dods@mgdom, dbodgbgermgsbos  Fgdoao  gomodbdoli bowgeols

3bgdol — s@bgdols s wWydByegdol — gansbogogoioobs s FgOdobmamyools
Lbogombols aobbogrgs s lgdyano Log@msdm@olie 3mblLgblyblol
aomgoaolifobgdom.

Lboddg  035Tos, GAmI  bomgemol  gbgdol  olFomydo  gobBm@gdgdo
30030055 2oblobgdyeo: bowgmol LogBmm bowobos®o (o®dmoddbgds mgodarols
dodxggbs ©o doO3bgbs  Lowobsdgdol dgg@mgdbom. olbobo, omogol dbcog,
Jomdmoddbgds Lgadgbdydo Lowobo@gdolgob, gl ¢39b60L36g9@bo 3o ©olsdsdls
0096l ModmEgbodg Lg3@y®do Lowobo®gdol dgaTydom. Lg3Gy®o Lowobs®gdo o
doomgds  dBogomo  0bFgOhemmdygmy@o  Loobs®gdol dgg@mgdom (Ludwig et
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al.,1998). @bmdogos, @™ gl 0bGgBemdygaygdo  Loswobsdgdo (o®dmodggds
Jogsbgomzodgdom aodmagbogno 9RO dzoty bmdols dognmgsbo
LA YJA 9D gdobgsb, OMIgEoms Lobosmy®ogs, 0nogols db®og, oools
39350 ™30GHgd0m der o b g@ ogem bowgaols 3o30@a®gools Lbobosmy@do.
>dobmsbogg, H9gM@Iobgdo, @mIgmgdo  godmoygbgds o3 ¥dzodglo, ygzgesby
360 Jbodogy@do bowganols 9]Byegdols slobodbogor, nbmgamdls
obylEgools o 9bogoiEo®gdsh.

bLAOYJA9ds,  GmIgmoi 3bmdognos 3g@obaoll  s@bol  Lobgmom,
3003950,  0YPdze  o@olOygmasbmgbow,  os@{gogl 03 d3gerggedgdds,
Omdmgdoz  049bgdebgb  Lbgowolbgs dydydfmgmgdol  dogrmgsb  Loliggdgddo
Lomgdogol  0bogdiool  dgommel. ggode dg@obgds 1867 (el  dg@anobols
madxol  9Jlgogaool  dgalfsgegemo  gJb3g®modgbBols  Igogagddo  o@§g@s
3°3d0@0 39358 m3oBg ool gobosaogymyd  Lob@gdols (dgdpgmddo sl gfmws
“mgodeols 3odo@s®gdo”) s bomgmol Loobsdl dm@ols (Hering, 1867). o3
39beogo305do  dob hodmm bowgmol o@bgdol LEOYJH YO0l o@yl@dsgos,
Omdgemoi yodmggbomo ogm bofommddog 3g35sGmEodgdom s bsfommddog
Josbagomzodgdom. gl LEOgJHgGs  a@dgmpgdbmes  o®bdo,  @mdgeog
dJomosbo  Joesbyom@odgdom  ogm  sdmggbogro.  dgdoamddo,  momdols
Lboygnbgbobggdols  gobdoganmdsdo,  dgwgdgol  ULbgowoslbgs  dgmmegdom
©odydoggdygmo ©s Lobosmanol dog@mbgmdom sefg@omo o3 LEH®OYJdgcgdol
Lobger{megdgdo bdodsw oigegdbmes (Letulle, 1915;  Mcindoe, 1928;  Clara,
1930; Elias, 1949). domo s0dmbgbosb wssbegrmgdomn oo aol dgdogy 4o,
Vgtomo go@od®ol bomgemol Loswobo®gdols ©o 3g3o@mi30dgdol godogs@eyyamo
LobBgdol dgbgdol  Bowsdml gengJd®mbyemo dog@mbjgmiomn om{g@ol (Daems,
1961; Jezequel, 1962; Albot, Jezequel, 1962; Steiner et al., 1965) dgogaom dmbos
d99980  ©gdgmgdol  ge@dgmo@gds:  bogmol  jodomo®ols  go@sligans
bowgeol  Lowobo®do  bpgds  3m@Fygmo  Feasddol  doxbsby. gl m@o
LAOYJHOS 9g0mdsbgonl 9gzo3doMEgds 3gMobaol s@bom, Gmdaols Lobmbodgdos
Joesbgomeans, 3s3omed -y ]dgmmyg@o  jogdodo, Ygdogdmgdgemo Lswobodo,
Fgomgeg@o Lyadabdo.

39Gobaol  s@bo  Ygoagds  dmbobpwgmg  godgodol  (limiting plate)
3935¢™30dgools s dogoygdo PxOgegoolysb.  3g@Mobyol s@boli Lobsmymo
mEbsg  RoMmgs  goeg bowgmol  godogms@o.  bmyx g, dgodargds GO
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3940620l BogogBo GodmEabody bowamols gsdomomo hoghmml (Kordzaia, 1990;
Murakami et al.; Motta et al.). 3g93s8mEodgdobs  ©s  Jo@obpomzodgdol
dogOmbomgdo  ok@gds ol Lobsmy®do. 39353 ™m@30H o0 s bowgmols
09]Bamgdol  YxOgegdbo gAMbyl 9zo3dodEgdosh  Fgdog@mgdgero
(Junctional) 3m33@gJlgdom. dogoyg®o PxOgegdo JobsbrgOymos dobosgy®o
d990@sbom  (dsbogydo  godgods) ( Phillips et al., 1987). gl o@{g@ogmds
SO LOYmos.  ogdmAms  bofogo  go@oywmol, @md  s@bgdo, @mdagdog
5353900 90L  0b@gO@mdymy® bowgmol 9] ymsl s godoemo®gol, gbgds
mgodeols  30MgbJodsl - dmbobwgmg godgodol (Elias, 1949; Daems, 1961,
Takahashi-lwanaga, Fujita, 1991), 56 39358m@3E0dgol Fomsgol Low®dgdo (Mcindoe,
1928; Clara, 1930; Takahashi-lwanaga, Fujita, 1991; Ekataksin, Wake , 1997; Elias,
1949; Buyssens,1962).

532350500, ‘dgodan gds aobolbgomb 9B gdo, eI gdo(3
3obmaglgdgmos Fbowor 306HYw  ggmdo ©o  ©IHImdo, Oodmydog
dmoizogh  3m@F @  ©s  0bG@omdymyd  LgadgbGgdl. 0bG@sembymydo

©O9Jdyegdo  dgdmgedamygeos  dgbgbJodygdo  gmd3mbgb@ol  wbgeo  d@om,
hggnegd®og, dsbognydo dgddb@sbom o  dogdmbobbands®®ggdom, 0ydzs

bobpobob a3bgogds 3oy Mom@gbmdom gmesagbols dmdgmgdoi  (Mcindoe,
1928; Ekataksin, Wake, 1997; Gouw et al., 2001).

3g®obgol  o®bo,  @mImol  ggomgdoz  dgdbogos  bsFoamddog
39358™30dgo0m, bofommddog go  JomsbyomEodgdom, o@gegds (go®odgdl)
Log®dgdo.  ¢30bs5Lgbgamo g3emggol dgogagdo, GmIgmoi gydbmds bomgemols
abgdol  0dygbmdolEmodoyg®d  dgwgdgel s  bm®@Iygmo  wgodaols  Lg®oygeno
Sbomegdol Lodpobbmdoan gdosh g3mbLE®9Jcosl, dgogome 3bowdymyl, GmI
39®0bgoll s@bo bdodop o6 (yogds 3mOFIYmo  FOsJBol dg3s@dmEodgoom
‘d93mbobwgdga Jobobwgdg Bo@BoEsLmsb, s@sdge 0go gOHEgmegds Fogszol
Jopboom @ 5359390090 [ogsjzdows  bowgamol  jodogs@yger  LolL@gdsl,
300 AOoJpdo gobmoglgdym woulBgwgdmsb (Saxena et al., 1999; Theise et
al.,1999). bomgaols abgdol 9bs@dogglbo LEHOYJB YOIl Gg@dobmemaos dg@How©
(335 gdomdl s bdods 3odsmol dobgbo bpgds.

s>dsbmobogy, 0@256bmdogn gdosb sbomsgendo 039bm3olEmJodoy@o
Vg0 gdg0m dogoygdo dod3gagdol gJl3dgbosl ogemgbl o 3gyeo ob d3ody
3M™M39060L Loboom Jomdmwa gbogoo Joesbaomzodgdo, eI gdogs
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35bmoglgdgmos 3m@Fgeo GOoJHowsb Lbgswslbbgs woli@ebiosby. dop@msd gL
YX 90960 bdodow Jabol Lobosmy@gdl, @mdmgdoi [odImowygbls dognoy@o
boli ggganobyg (oo asbdGmgdol asbog d@oengdl. 0dybmygbm@Eododmgdols
d90mEds 3ogy PROM 3obsdFg03s gl Jmbobdgds (Van Den Heuvel et al., 2001,
Roskams et al., 2003). sdogo@mymop, by gu6m ©@dsgogds 0b@ghgbo o3,
9gOmo dgbgogom obmegodgdgmo gx@gegdol dJododm, @mdwgdog 9dgodglo
0@ 05O Y00 3obB™MAgdgdol  Igdowagbgarls Fo@mdmo@aygbl, s @mdagdogs,
bbgowolbbgs sg3@m@ol sb@om go0y03909@os @godgols 0gA™Mgeb x Mg gdmsb
(Theise et al., 1999; Roskams et al., 2003; Sell,1998; Baumannet al., 1999).

ymggeogg bgdmmJdgmo sl ydgdl olgmo Gg@dobmermgoyg®o Lodgdol
‘d939953900L o930 gdamdsl, @mdgeoi gOmo dbMog, 50g335GHYMSw, begom
dgmdg  dbMog, yggmolbomgol golboggooe osbobogl  Lodgabogtm  33engggdols
390290U.

S53BMOmS I X3RS, Omdgeno(3 b3g(0omyg@oE ‘dgodabs
Log@Omsdm@obem  3mblgblylol  dobow§gge, goomgoamolfobs @  bowgaols

Loobodgdols  ¢{gdomglo L gJdgmgdol  mosmdosby yggms mobsdgodmgy

dgbgoyagds s domo Dgdoagbgero bosfoggdol s@lbobodbogo odmygbgdya

g4ggo  Bg®dobo,  Jmofmps dgmobbdgdamo, g.(. gmblgblyl genslbogogsios

(Roskams, et al., 2004):

e 3gMobgol  o®bo  s@oL  s@bo, Omdgang  godmggbogos  bsFoamddog
39350™M30Hgo0m s bofommddog  Jomsbpomzodgoom. ol Fo@dmowygbls
5bo@mdoyy® o  gobom@maoy®  3o3dodl  0bG@smmdymyd  bowgeols
godoa@ya  LobBgdolbs @ bowgmols  Lowobo®gol dm@ol. gxdgegdo,
OMImgdoz  JOOREOEMA0YAO > 0d9bmxgbm@odyg®do  dosbsbosmgdergdols
dobgogom 0353901 ‘g0 go9® S0l 3935¢™30gobs 0>
Jo@obyomEoHgdl  Jndol  (“obdgddgroygmo”  (Fgomagdo) YxOgLgo”),
boo®d e  JlmgognTdo o@ genobgds. sdobmsbsgyg, 3g3o@m@Eodgdol dogroyd
930mgaom30Hgddo  yorsbgmol  (3g3s@HmEggm ga-domog@o  3ogdodjdo)
saomo  dgodangds dEgdsdgmdgl oo “dmbsobrgdg godgoGsbg”,
OEamOGE s©Mg 0gm dohbgymo, s@edge 3m@F Yo GOoJBowsb Imdm@gdom,
3g@obaoll  s@bol  @sosery@s  aoa®@dgargdol o@gdo; oI oMggdols
30m9d309d0 godlggamsgobgdydo gem@dol LEOYJHYOsL  Jdbol 3m@Gywo

AD5JBgool 0dygenog.
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o 3gMobgol  o@bl  oa®dgagdl B mo  [mogdgmo  os®bo, @mIgeos
dbmgme  Joamsbpom@o@gdomss  asdmggbogo. w0y uergdds  dgodengds
3°053390mb  Jolbsbwghg RoORoHs ©s dygoMo ©soymlb M@ 30Gmdom
Lgadgb@ow: 0bBO@Mb Y@@ ©s 0bFMS3MO G Lgadgbd gdor.

o wy]dygmgdo  mogol  dbMog  Ygo3dodEgds  Pdzodgl  0b@g@ e mdyenyd
bowgaol Lowobo@ygdls.

o wu]dumsdeo3 ©o 0bBghmmdygamy®mds  bowgmol  Loobo®doi  dgodengds
35b0G3oMb gobBm@gs mogosbmo 3mb@oboydol bgdoldog® bsFognTo.
aobomgogolfobgdgaos, @md Jomesbyom@odgdo gxOgoms 3gBg0mygbyemo
xagxos ((Alpini et al.,, 2002), dmdgmoi slOgmgdol bbgowolbbgs L@ ™Y@ 9o e
>  gobommmaoyg®  gubjaosl:  godmeggbl  bswgmols  gsdmI@Bob  Lolidgdsl
(Saxena et al., 1999; Ros et al., 2003), sbobmgbgol ©o/ob godmygmal bswgaols
3™33mbgbBgdl s gmol bswgmol jmblolGgbzosbs s wobgdsl (Ros et al.,
2003), {o®m3moagbl 0bBGsm®asbygmo gozg@Body®o @gtmgsbo gx®gogdols
©g3ml (Theise et al., 1999; Roskams et al., 2003; Sell, 1998; Baumann et al., 1999),
dmboFoagmdl do@@oJlols LEsdoay®o 3mblE®gdcool dgbo@hybgdsdo, oliggg
303G my9bgbTo (Roskams et al., 1996; Kiss et al., 2001; Hytiroglou et al., 1998).
dgbodgrms  Joasbpomzo@gol  goohbpgl bbgs g9bjiogdoE, GmImmgdo
Xg® ob LOygmop @bmdomo 5@ os@ol. sdsbmobsgg, 2o9mM33939e0s, Modwgbo
396J3ob dgbOrgen gds ‘dygdgmos Jogsbromzodgol JON OO YYD S.
L3930o@obod gdeyyeo 3320 93900m (039bm3olEmjodoy@o dgmgdgo ob
90 9dBGmbymo  dogdOmlbimdos)  Godydo  Lobjol (6 dog@mbbg  bogangdo)
sbomgngddo s@dmbgbogn 94300 9@ 0MmB0RA M 9390 gLmds Jomdmoma 96l

09]Bgmgdol aoboggggmols dgdoa gbganl, mydis, 0dgosms olbobo ganobogds

3o 9o,  “obpogoy®o”  Yx®gegdol, domo  d@zodg  gOmggdol  ob
»3P0moEyg@o  Lodgdol”  Loboo. dgodangds  gogodoygemm, @md  bmgo o3

PXOgomnsysbo @godado bgogds Lobbol bsgomsb gOmsw (bdodow gl gbos
bpgdmegl moasbe-09393@maol L3gaogoygo gOHmogamdgogdols dgjsbobdom).
dop®@5d, d5Tdobsi 3o, @m@Es obobo @goderdo dgdmeols aoMgosb, ds0bz Io@ M
3°3d0@dos  @godaols Foaogzol o@OLgdyger LA YJHYOgomsb. sdsbmobogyg, o3
3030093900 OB @ol  gohmosbo, Lodpsbbmdogngdosbo  3mblG®gdiools

©9Boygdo Igbfogeol dgogagdo xg® Gbmdogro 5@ s@ob.

36



BOOOOE CERIRICH ISR Ha@dobogemgo0m " 9dBamgdo
3OM@0RIOS(3007 9V mgds 35mME M 09@ damdot gmdgdols OAML
3odMogam gdoo  gdomgay@o gxOgegdol 3m3gmsigost, GmIgmoi s@wobodbgds
39353™30dHgools s 3mAOF Yo ggergdol doxbobyg. sdolmsbogg Lodyggoms gb

99V 9g0egds  gmggemgol o© 3350 OMo© 3g@ sboboglh gomo®gdol, Goasbsi
3OM@0xgOo30YEo  Mgojiaos  dgodangds  s@dmgbpgl  o@s  dbm@mme 9339
>®Obgdyeo bowgmoli Lowobs@gdol 9x@gegdol, 5Msdg gosdBoggdygmo  ©o
00959096300 gbs0 ©gMMmgsbo x@gEgdol, o6 03 YxOgEgdol dmbsfomgmdom,
Omdmgdo  wgodendo  SmImhbbgb oG ymszool  abomn s goboiowgl
©009M9bzoMgds mgodeols xMgogdoe (Petersen et al.,1999; Theise et al., 2000).

0dg300mo0, 3OM@0BIN0MIoYmo  YxOgegdo  dgodagds  Fo@mdmowygbogl
39350™3E0H ool dogmos@ o dg@odmsbools Jgogal (Desmet et al., 1995).

1957 (. Popper @o msbosg@méms dogd (Popper et al., 1957) 3g3s@m@myoy®

0@ gOoBY@sdo  dgdm@Bsbogro  odbs  Gg®dobo  “yddumydo  @god3os”. ol
39olbdmdl  Ggodaosl  ydduydo  ggbm@odom, Jglsdem, dopa@sd oMo

>9G0mgdaoe 9O Y@ Y@  3gbgbom.  gb  FoddmoEyghl  mobsdgrdmgy
mbgm@myosdo sdzgz00@gdgmo 30s]Bogol sbomal (Ameglsi bymdgsbool
Lobgano  sbobsgl  dob  ggbm@odl, bomam  Lodbogbol gx@goymo  g969%0
yoggmmgol  gbmdogo oG  s@ol). OmymaE 9339 ©0obodbs,  @godendo
9B a@mygdo  @godool  gdomgeag®do  3md3mbgbBol  (yodm  bdodow
ogbyglEgogmos: ol dglsdenms ogml  boswgamols Loobos®gdols 9fg@oeglio
356@MBgdgdo, ob  Godggmeiool  gbom  Igdmlbymo  PxGgegdo  (momdol
gymggomgols  dgamols  Gg0bo@sb) b 3g35GmE0dgool  dogoydo  dg@odmsbos.
0300 “®95]305”7 3o dmoiegl g3omgmygdo ggbm@odol Yx®gogdol, Sbmgdols
YXO9go0l s  LHMMIol  3md3mbgbBgdol  0d  3mI3mgJly®d 330 gbdgdls,
Omdgmoi @3godedo gomo®Egds Lbbgoswolbgs 3smmampoyg@o doamds®gmdgdols
AL ©s godmobsGgds Byt 3oblE®ydiogdol Gomgbmdols ds@gdom.

s@bobodbogos, @md Jodggmse Lfmége w©yldgwmygto @gsjaool ©oamb
3odmgmobes g3omgmydo 3md3mbgbGol gx@goms Ibgoglgds oM Eobmygbgbdo
dmbofomg dwdwbgmgdol “mgomy® Yx®gogdmsb” (Farber, 1956; Gerber, Thung,
1992; Gerber, Thung, 1993; Roskams et al., 1998). sbogmyoydsw, ULbgowslbgs
3ommemaools 30Mmmdgdbdo sesdosbol @godeols Jlmgoaol g3erggol @E®LSEG
bdo@s  ©pgdos obgmo  Fg®dobgdol  asdmygbgdol  Loko@mgds, @mam@oEes
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“0goEy@o YxMggdo” ob “mgomy@oldbasglbo Px®gogdo” ©s dobm (Roskams,
et al., 2004).

do@mogmos, 5OLYoMdL Ibgoglbgds swodosbol s Jn@@bgangdol mgodanols
©9gOH™Mgob YN Ogogdl ‘do@ols, dop @9 doOmbgangbdols Lbbgowslbbgs
9Jb39M03gbF a0 Jmpgagdo bylEoe ggo sSbobogl swsdosbol m@ysbobddo
dodwobsdyg 3Gm3glgdl, @ol asdmE ghmowsodsgg Ggmdobgdol  aodmygbgds
gmggmgol  aodo@megdygmo 5@  oMol.  dogomomobomgol, Jn@dwbgangdols
©godgols ©obosbgdolol mgogy®o gxdgegdol gsdmiggmomo  mgolgdss a-
Q9HM3OMEgobol  3OmEyJaos,  35Tob @mEglbsi sEsdosbols  @godendo
09]Bgemgao  @godaool  @OmLb 83 dodgg@ol  gJlddmglos  momJdol o
>®0b0dbgds. 3@0do@godo 3s@Eoygeo 3935 9]BH™dool Imegaol 3gerggs oSbiggy
>obAYMGOL  GybrsdgbGydo  2oblbgoggdgbol  o@Lgdmdol  swsdosbols o
d®Ombgegdols Mg gbg@siool ¢gbmdgbgdls dm@ols (Gaglio etal., 2002). sdwgbsw,
ssdosbol  @godanol  dodo®e  JobobTgfmbogs 0@  s@ol  dohbgyero
B9Mdobgdol:  “mgomydo X OgEgdo” o  “mgomydoldlgoglo  gxdgogdo”
3odmygbgds.

oodosbgddo 53 xGgogdl  gdxmdglbos  gfmeml  Fysagoydo
(06@gMdgoygao) 3g3s@mdooyg®do YxMgegdo. domo ©0sdgRMo smgdedgds 6
dogembls oby  dg®obaols stbols beo@dogny@o X O geols, (dg0ty
Josbaomzodol)  Lodygsemem  bmdol s bogangdos 40 dogdmbbg -
3935¢™30dH o0l Godyg®d bmdoby. Lbgs dobolosmgdagdo sbiggg dJm{Imdl dsm
0@doy 39bgdol (Mmam@ 3 d935GmE0dgool, slggg Jomsbaomizodgdols dbysgll).
gt 93039 gl  gmgeols ag@olbdmol doemoydo (CK 19 s 7, OV-6) ©s
3g3o@m@odgools  (HepPar I, osandydobo,  a-1-56¢0d®03bobo,  do@os@ o
3 03m30mAgobo-1,  Gmdgmoi  gmobpgds  dmaogembydo  5bF0-CEA-0l
gobomogyamydo  dgmgdgom,  0dgosmoe A-ggBm3amGgobo)  SbRoygbgdols
gOOEAOmYe 9Jl3@gLosl.

s>dsbmobagy, G»9g®dob “mgommu®o PXOgegdol” 2odmygbgds
dobsbdgfoboamowss  dohbgymo  Jo®Owbgegddo  @godgols  dm@RmeEnmy0ygGO
33093900l OML.  JOWbyagbol  mgomydo  YxGgegdo  ©>  dSsdosbols
06 9HIgrogmo 3935HMéom@osGPY@o PO JRIo0 M YIGs INGFOW@ M0 YOI ©o
396mBH03 YOS d60d3b9emmgbow 3oblbogowgds, dbaoglos dA > goo
gobomemaoyg®o g9bioom.
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olggg  30bobdgyfmbaowss  dohbgyao  Bg@dob  “@g@mgsbo  Yx@gogdols”
3odmyggbgds  JolGHm@mayoy® sbomangdol  jgerggolbs o sefgdol @AmL.  od
ROsbol, OmIganbo 0ygbgdgbh G goymmo domemyool L3ggosmol@gdo, oJ3l
3obboggm@gdyeo  dbodgbgamds s J39H9JLBo,  gg@dme, sl 0ygbgdgb
d9@B03mBgbRA YO (o6 HmME03mEIbGHY®) PxOgomsb dods@mgdom, GmIgalise
53l mgomasobsbengdol 9bos®o o sbodsdl odaggl Lbgs ogg®gbiomgdygao
@ogol YN g 9ol (bogo®oygome sbodg@®oyao 3ogmgols abom).
53530 MMYs©,  o5©sdosbgddo  Yx®gogbol 53 mgolbgdgdol  ©gdmbLE@s30
Omygeos  ©s SdoRmdoi od Ggmdobgdol asdmygbgds d9bpmgsobgdsl 0fgg3l. ol
‘dgodangds 3odmgoyggbmm OO 3 Lomosa®oym G g®dobo, OIOPXOIGTE!
doOwbyamgddo, obggg o©sdosbgddo  olgmo  gJl3g@odgbdol @AM, bLowpsg
bgobgds gxdgegdol Lfmoge o3 bgdmembodbyamo 9bs@ols  (mgolgdgdol)
©gdmbl@d®sizos (Roskams et al., 2004).

3Omdamgdols Fo@dmowa bl sbiggg Bg®dobgdol “Gody@o-" ©s “sEodog®o
09]Bg@gco  3OmEong@s3ool” 593350 YO0 godmygbgds. gl Gg®dobgdo
Fo@dmodgs o©sdosbgddo gJlB®sdgds@yeo s 0b@mdadgdsdymo JoaglBsbol
Jobmemmyogdo ok @ gbiosaool dgegmmdol  Lbogydggebg  (Rubin et al.,
1965). dobbgyaros, @®md Godydo ©yJdgs [o®Imoddbgds 9z39 >OLgdyeo

09]Bagmol  3Gmmoggasgool  dgogas s asshbos  3dydo  xOgegdom
sdmggbognro dgoxgom Lobosmyg®o (dspomoms@, goMmspaggddo bowgaol Logdom

bo@obos@ol oo jgebdgol dgdoamd).
5300690 d0 B yto  @gsjiool gl Godo geobpgds IFgo39 w©o

OO YO0 9JLBAOS3935H 00 ®dLROYgJcools 300 mdg6do, dopomoms,
9JLAM3g35H o bowgmol abgdols Jgom o6 Lodbogbymo 3GmEglon L go

obdmdolols (Roskams, Desmet, 1998).

sGodogo  glHhgmgdo  gmobrgds  Fidomo,  Fop@dgargdgmo
L@ PdHacgdol Lobom, @mdmgdos 303mEds Fomszgddo 06 gy gesdgasw,
sdmggbogmos  god®@Yggdb Yo  YxMgegbom s 5O  yoshbos  dgogome
3odmbo@gmo  Losbomyg®o.  s@odoydo  ©3ddywg®o  @gojaos ddodme
93°8000©gds  Dgomgoydo YO gegdol  gosd@oggdsl  (Ibpoglbo  mgsmy@o
YXO9gegéoll  @gojiools  FwOEbygdby  dmEgmodgdygmo  Jsmmermyogdols

Amb). o3 Fodol ©yddgeyd @gojaost seyomo ozl bygOmbolidgdeymao
0939b9M 53000, 9JLEAOS3g35G o bofoermddogo mdLEOYJzool ©
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“aoghobsdmgdoeo”  (vanishing) bomgaol  Loobs@®gdol  Lobp@mdol  ©@®L
(Roskams, Desmet, 1998), »n9dis, ©@3Jdaggto Ggsjiool 3 M@ Go3dl dme@ol
dg3og0m Lobrog@ols aogangds ©mgdeg aodbgengdyemos (Gardiol, 1962).

mgodgrol s bomgmol 2bgdol gobysmobsgool dgmmpgdbol wobggfsd
1970-0560 (angdopeb dgodEods 0b@@o- ©o  gJlE®Madg3sGymo  Joagl@dobols
dobGm@emyoyg®o  ©ogxgagbizosiool Loko®mgds. dgmeg dbdog, bofommd®ogo
9JLBO3g35H o MdLEOYJ3Eool s “yoyhobs@gdowo” bomgeol Lowobdgdol
Lob®mdols OAML dobBmermayoy® 0095960 96(305305b SO Y 9o s
4935006 I@YGho > Jomobyonigohgho  aboobyds,  @sbag gy
dobegagl s®s dbmanme bosmgmol gbgdol moLEOYJEogmo osbosbgds, @I o

Fgo@ae o gxOgRgdol  @gpgbgdogoog —  9BOm  JgHor  ©obosbyoygmo
YR O g0 3m3gmmsizool “Labsdggda@mme” (Lsgmdigblsgomw) (Gaglio et al.,
2002).

sdsbmobsgy, 30650056 G g®dobo “s@odoy@0” ©052b6mLE 039G

3ommdobGmmmposdo asdmoygbgds (3Mg)dogogbydo 3Om3glgdol 3mb@glb@do,
o8 Bgmdobol godmygbgdoi 3oM3399e Log@mbomgl Lodo®mgdl (Roskams, et
al., 2004).

9]dagmgao  @gsdios  gbws  asoblbgogogl  Loobs®mgsbo  godgo@ol
35b3005@Mgdol 5bmdogmoolasb (dogrgm@ddsizooliyeb). dogam®mdsEos ganobpgds
3ommEmyoyg®o bomgemols bopobo®gdols dbasglbo L YJA9mgdol Labom; olobo
o [o@dmowygbl  @goJaoge ggbmdgbl  (Desmet, 1992). Lowobs®mgsbo
QomBo@ol  JogRm®ds30o geobpgds  @godaols god®m3maoiol@gdo
©o0350gd0ol o gJbE@adg3sdy®o  bowgmol  abgdol  SE@gbools  IJmby
3530963 gd0lL Jggx a9y do.

4Mg9e0 039 >@bodbyamols aomgogolifobgbom Lbog@mosdm@obie
GgOdobmgrmyoy®  gmblgblylbby  dmdydegg I3z ggeodms  xaggnol  doge
dgdmmogobgdbyemos  Jggdmo  gbdogdo  dm@Fsbogro  gansbogogsiEos @
G 9g®dobgdo.

LAobps@@obgdygamo Gg@dobmanmaoyg®o Lol@gds bganlboy@geros ssdosbols

mgodanol  obogro, mobodgodmgg 3gergggoobomgol. ol osbggg dg@ Loibowgl
‘dg0@obl dmdsgoamo gb3g®odgbB o 33erg3gd0l LFm@oe goob®gdsdoc.
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dolmmmaogdo gmblgblyl-Ggedobmmmaos Ygbsdsdolbo dggmo  Gg®dobgdols

3563503 9dgd0m

(Bm@sbogmos Roskams —obs s msbssg@mdms dobgpgomn — Roskams, et al., 2004)

0obsdgdmgy 3obdod @ gdo bdo®gbdoesb
GgHdobmermyos S>3 gdeyeno
Bg®dobo
beo@dogn@o | 3g@obaol s@bo 9bOYbggmygmyls
©g0de0 Robom@maoyg® 3o3do@b
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©9JH g

39353™30d 9oL dm@ols

>Olgdyen bowgaols

3o30@oMgols o bomgeols
Lboobo®gdl dm@olb.

bofogmdmog aodmagbognos
393°HME0H IS0 ©o
bofommdmog — Joasbyom-
30®goom (s >G> 0b@gH-
dgogmo PYx@9egdom,
Mm@ gdoz bo@dyan

mgodgndo o® ganobgds).

5353doMgdl 3g@obaol s@bL

0b(HgO@mdymyd bowgmols
Loobs®msb. dmgosbow

3odmggbogos Jomsbyomzo-
Ggdom, dgbodams Lomsggl

0095gl 3mOGYEo
A®oJBol LE®M®Iols
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»d0bobE3Mg BoOGoESL; oI

‘dgdmbgggodo dols dgodangds
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odmgengbs. domo byldo
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Lododms 0dgbmampoydo
300390950l 25dmygbgods
(CK19+, CK7 +, NCAM +).
domo Gmao s gybiios
X090 gowgy dgbobiogmos
(-JomsbpomzoHgdo™ oy
»090m3560 (,,30my9b0@mA 0
YN 90960), 0ydzs obobo
9O »3b0dgbgemgbo
dOogo@abioydo
IXOJLIO0o.
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mgo@y@ol-
dbgyoglo
AXOJRYO0

®gOHemgsbo
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320begde @godaols Y5039
> JOmbogymo osgegdg- | bofommddogo
0L AML. 53 dmgengbols 0@ 0YAHO
sdm3gbgdols Fgo@mls bg3Ombo;
‘dgbodanms [o@dmoa 9bwgls:
) Jomsbyomzodgdol MFoE YO0
3OO@OFIOS(305; IXOIR )03
2) @9®0gobo gxO9Rydo
(0©a0@MdM0g0 ©/5b mgo@y@ol-
dmEodg@ody, bogo®sy- dbaoglo
RO dgeol Hgobowsb); IXOYRYoo
3) 0dgosmo@ 3g35B™M30HI-
ol dg@odansbos
Jogobyomiohgosw.
0bg@dgogmo | ©yJHyegao Ggodgoob | wgdaeg@o
3935 mdogoy@o ‘dgdo@p gbgano YN 9 9d0, | 3IOME 0B @A -
PxX O o gdo Omdggdo JoGGmEMmyo- | (300
YOS ob  ggbm@Bo3yg@sw
0353901 ‘dygom gy | bofoammddogo
saoml 3g35@m30dgoLks ©s | dogos®yeo
Jooesbaomzodgdl dm@ol: RICION
> 6 dogdmbby s < 40
dogmmbbyg, aoohbos ®m@dspo | mgo@ydo
dobobosmgdangbdo YN 90 9b0
(099bmxzgbm@Godyg@sw ob
9829JHOMbyee-dog@mbymdy- | mgsmyol-
0 5(0) dbaoglo
IXOYLYoo

d9603dg65: >5d0560L  @godanols
RO IR0,

9 amagco

@g5jos s

0bemgrod gbdbyeo
06 9®Igroygo

Joasbyomzodgdo/ @gdmgsbo
3935@mdogoy@o

PxOgegdo Fo®dmowagbl In@wbgegddo mgomy®o Yx®gegdol s mgsg ™o
YO 90960L @gojiools gdgogoemgb@b.
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dogbgoogom ymggmogg bgdmombodbymols godmbsgganggo Logombo jgansg
4936005, 30093 9RO ©sbobggfos 3g@obyol s@bol ©o yddyagdol dglobgd

gmEbs. @do  YgbFogansl  Lodo®mgdl  mgodarols  dogdmgol e g@o
LAOYJOHYO ©S dolo 3o3dodo 0B g® LAOYJODgomsb.
dOogog@obmgobo  3ge 93900l dJoygbgoogom, jgmeg PMAoadgbHymos  (3wbs
09]Bagegdol  dodpgdotg ds@@odlol, 3g@Mobyol o@bgdol ©s 9B y@o

Ggodgoob Yglobgs.  dmmmdey yedogggeyzgmoes, ©9dHamdol gdomgeygdo
3Md3mbgb@ol, 3g3s@m@Eodgdol, mg@mgsbo ©s bbgs gxdgogdobs ©s sbmgdol

9OM0gOm Jdgogdols dgdsbobdgdo (Crawford, Boyer, 1998; Lamireau et al., 1999; Gouw
et al., 2001 ; Desmet, 2011);
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JIL336H03I6BH IR0 IMKRIKRI0

1. bypgmol  Lsghoe  Lopobs@ol  mgmygboom  bopgmol  dgygdgdols
dmEImo@ gds

bo@gamol Log@mm bowobs@ols posygebdgs aobbm®dEogames 20 330000
sbogol Fisher-ols 3536 godmopaggdbyg. m3g@oEosdpg 1 3godol aobdsgenmdsdo
4gges  goOmoygs 034mMmRBJomEs 3mbBOm@o®gdom 300mdgddo, Loyzggdmsb s
Vgommob LEsbps®@ygmo ©sdggdom.

boganols Log@om Lbo@obs@ols 2o 3356dgs 3obbm@0gmes
LEobpod@ymo, Lee —ol  dgomeol speg sefgdomo  dJmpogogzsiEoom
(Kordzaia, 1990), gogdol bodgmbol  asdmygbgdom. Dbmaswo  bodgmbol
300md98do mgm@ bobbg gobsyzggmom oblbgdmes godmopggdol 3g@odmbgydols
@Y. 39003mbgydol 03 bsmdol  m@  guOEgeel  do@ol,  Gemdgeos
doodkodymos  @godgol  go@bs o [Fgdogo bofansgol  LoFgol  ULgadgbdl
‘dodols, d0dg6bgdmes bowganols Log@omm Lo@obos®o (bLL) >
3o©503356d9bms. (byd Nel)

boy@.Nel. goGomog g0l bowgarol boghorm bs@obs@o go@s,yg56danos.
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dgGol 09 (39003 mbgyndol wAOYLbmsb gohnmdamogsw) oby®gdmes 4Oy,
335bdmgobo bsgg@gdom.

300mo3900L 0Esb asdmygebs bgdmes blLm-sb dg-3, d9-6, dg-12 o
24-4 Loomby 909G ols 3oMdo390 a0 bo®gmbom. 93903960l
3093350 9OMds LG YOEgImPs  aopsbog®gdbymo  bowgmol  Loobs@ols
s®lgdmdom. (Lyd. Ne2)

L
ooy -

bym. N2, gogobog@gdaao bowgarolb bowpobsdo Jobo gowoygobdgomsb 24
bosmol dydogs

DoMOgg  ©obobgargdym  gooby  boggagy  xa9gl  Bgorpgbes 6
300msags. 0339096m©s  @godgo, @mdgol bsfomoi  dgdpgmdo  33a 939600
393050306 gomgoseolifobgdom  o0gobgdmeps -80°C  Bgd3g@s@ydeby, Jowgs
bofogo - mbggowo sbmEol dgdggmdom, bofomo 3o goJlodwgdmes 10%-056
398909 gm@ds@obols blbo®do (odbopgdymo gmlgedydo d9x90bg - Ph
7,2-7,3).

12 go@mopagoby dglbdgmes 9., 69 ®3g@oios: 39Modmbyydol @@yl
5oblbols o bowgeol Log@mm Lowobs@ol asdmymazgol dgdpgy @ dmboos

dolbo go@s3go6dgs. mommgye bgdmombodbye gowsby godmygm gy ofbs m@-
MO0 goOmoygs, boerm Mm3gAsEnowsb 24 Losmol dgdogy 6 godmogge.
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2odmygbgdyyeo  goMmopggdol  Gomgbmds  dobhbgya  o0gdbs  dobodseny®
oM bmds bESGoLE03YM0 Jmbsgdgdol swgdgedy®o gosbsaobgdolbomgols.

dobdemmaos ©s> 0396mdob@mJodos

10%-006 6959099 Bo@do@mobdo wosgoJbodMgdymo/s b asgobyemo @godanols
Jbemgoanols 4-5 dog@mbol Lobjol sbomangdo dgbfogenoa o0dbs LEobood@gemo
dodmbogrgomo  dolFmamaoygdo  (3gdo@mJlognob-gmbobom  dgmgdoano) o
039bm3olEmJodoyg@o dgommgbdbom, Jggdmm > g®oao 3O mMF M meols
‘dgbodsdolog:

0396m30LE ™ Jodoyco aodm g3 ggolmgols aodmygbgdeyen 0dbs 3
dobmjembydo  sbGolbgyao: AEI/AE3 (Mouse monoclonal [AE1+AE3] to pan
Cytokeratin, prediluted (abcam(ab961)), OV-6 (R&D Systems; Catalog Number:
MAB2020) o Ki-67 (abcam(ab16667)).

AE1/AE3  {s®3dmopagbls >bBolbgyemgdols 30 JBgoe s, Mmdgeno3
dmbodbogl  Fgogs ©o ¥udg (G0BMGIOSBbgdlL.  0po  asdmoygbgds momJdol
43ges Godol gdomgeryg@o Yx@gegdol sdmbspbmdee. Igogs 30d™M3gMs@0bgdols
Jo@gzgegeo (mbos 56,5, 55, 51, 50, 48, 46, 45 ©o 40 joom@mbo (kDa). g9dg
3BOBM390530bgo0L Jmengiymyg@o [mbss 65-67, 64, 59, 58, 56 ws 52 joom@mbo
(kDa).

3o@5¢30b0ls Sbomangdby 0399bm3olEmJodoydo @g5J3oolbs
Jo@dosdmgobomgols AEL/AE3 gobboggds ooby sdmgomgdgmos. 3sMogobby
@95J3ool  ©ofygdsdwyg  Lokodmgdl  obFoygbol sweagbsl.  obFopgbols
9JL3Ggbools aodmgengbs 0@ M3 sbIYMos.

@9 93obHAMd: 30HMIIAs(Hobgdol  xpgBo Fgrygds Lygm dgody 29
Lbgowolbbgs  3OmAgobolaob ©s ganobpgds g30mgayd  ©s  FOoJmEod Y
YXOJOgobg. GoHMIgOoHobgdo 1, 4, 5, 6 ©o 8 doggymgbgds I Jgg®o3l
(bgoh@omg@o o Fydgdey).

dmbmjembydo  5bF0EoG™m3gesBobgdo Vo@dmopagbls  gdomgery®o
©00g9M96053000b 139300096 do@ 3901 S RBOOMME 2odm04gbgd o
Lodlbogbggdol owgbBoxgogsiosbs s gaslbogogsiosdo.  dmbmgymmby@o sb@o-
356(308™M3gM530bgd0 (3mJHgogo) gGosdmm b3gdd®ol Mgopagbdgdos, GmIagdocs
dmbodbogl g3omgenydo Jlmgomols Lbgopolbgs g304m3gdL. ol dmbofoggmdls
boo@dgao, dgRodmoboyg@o s bgm3msboydo gPxdgogdol ggbm@odo®mgdsdo.
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bbgowoslbbgo 3M33mbgb@gdls ‘do@ols Lbobg®gyoygeo YOM0gOH 0 Jdgogds
3ob0300md 9ol Ygmgdgol  aod@rog@gdsl,  @or PbeOybggmymal  olgmo
YX 9o gd0ls ‘dgmgdgobo 305 Gmda gdo3 dgo@ gdgomws dbm@mE
do@0bog @ o.

dmigdgero AEL/AE3 0bm@odos 19Gl. godmdggooll gmmds —blbs@o.

AE1/AE3 0396mdolb@dmJodogdo &gs5d3os 3565g0bol sbsmamgdby:

1. 3o®og0bol danmgzol ©g3s®oxgoboboios s Mgdo@s@oios

2. godboios 4%-056 3oMogm@dsgwgdoedo 10 (o

3. 3o0gibgs PBS + @o@dmbo 2X2 (o

4. s®ogbmygbydo 390mJlbowsbol denmgo PBS + 5 %-o00bo jydo@enols
das@o, 0,1 %-0060 d@odmb X-100 ws 1 %-0560 BSA 45 (o-ol gobdsgenmdsdo,
mnobols {gd3g@o@ydoby.

5. aomgibgs PBS + §@o@mbo.

6. 30M39o© SbGolbgymmmsb AE1/AE3 (Mouse monoclonal [AE1+AE3] to pan
Cytokeratin, prediluted (abcam(ab961)) obzydsGos 18 Lo  gobdsgermdsdo  40C
B933g0oHgmoby -

7. ao0gi3bgs PBS + g@o@mbo.

8. dgm@s© SbRobbgy@mmsob 0bgydoios 1 Lm-ol gobdogemmdsdo mmsbols
®933g05@Mobyg, Lodbgagdo. Igm@owE SbGolbgymem asdmygbgdygaos (Rabbit
Serum 1:600 (abcam)).

9. aotgibgs PBS + gdo@mbo.

10. ABC-390mJlo@sbols blbos®o 30Fm-0ols gobdogemdbsTo.

1. aomgibgs PBS + @o@mbo.

12.  5b@oggb-56@0lbgyaols ‘d93°3d0@gdols 30bsmobsos DAB
JOmdmagbom  (@osdobmdgbbowobom). 3MbRA@sLH @m0 dgwgdge Harris
39ds@mJlbognobom 30 §9.

13. aotgi3bgs aodwobotdyg (yosemdo 2-5 fo.

14. pwgdods@oEos 95 %-05b gmobmendo 1 {o-ol aobdogamdsdo, 100%-
056 gomobman@o 2X3 (-0l gobdogermdsdo.

15. Jbogrmeano 2X5 {o.

16. 3s59bmobyo.
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AE1/AE3 039bm3dol@mJodogdo Ggsj3os gsdgobsg sbsmengdby:

1. godloos 4%-056 3sGonm@dsmogiopdo 10 Fo.

2. go@9bgs PBS (golgs@ol d9896mmo blibsco) 5 Fo.

3. 064935305 g9GEol Gokdo 30§ m.

4. 3oGggmow sbGolbgymmsb AEL/AE3 (Mouse monoclonal [AE1+AE3] to pan
Cytokeratin, prediluted (abcam(ab961)) 063935305 18 Lom, 40 C 3933ghs@6oby
. 3o@giEbgs PBS-90 3X5 (o

9]

6. IgmAsE o5bBolbgymmmsb (Rabbit Serum (abcam)) obgydsigos 1 Lo, 1:600.
7. ao69i3bgs PBS-Yo.

8. wgdow®o@ozoo.

9. 359600670.

Lodogg obBolbgyabyg (AEL/AE3, OV-6 ws Ki-67) godymgomo job@emeaols
Loboo  20dmygbgdyae  odbs  ogogg Jlmgogol  LEsbps®@yao  dgmmeogzom

d90 9635, aoMs 3oMggmowo SbGolbgymobs. gl ¢zoboligbgano hobszge gdoye
0Jbs beo@dogryg@o dOSE0m.

3539406530 Sbsm@gdols JmIbogds:

l.  Jbmgogrol  bokgdl  gomogligowom dgmogdymsbdo s  gobyaols
65493 F0. gogobgmo dmmgdo 0bsbgdmws -800 C {gd3gdo@dn@sby.

2. 254obgmo dmmizgdo 0k@gomes 5 Pd-ol Loljol obosmmgdee -140 C
(9939058 1M5bg s FoJloGgdbmws g sGobom oGsOY M@0l bodk®goby.
bobdm gmyg Ygbobgolomgol danmygdo moglpgdmes -20°0 C dgd3g@sd9asby.

3. Jgmgdgedwpg  sbomangdo  30-60 Fw-om  dmgomsglgm mmsbols
G93395G1Mobg o wogoxgodlodgm 53gBH™mbdo 5-10 Fm-om. 35g0bg godO ™S
30-60 (o.

4. aoMgi3bgs PBS-Fo L@obpo®@@yeo dgmgdgol oofygdedwy.
OV-6 56303360 godmoygbgdmps mgomydo 9xOgegdol ©s @godaols

©gamgsbo  gxdgegdol  Loogbdogogocome  (Gmdgmmsi  ofgm  gbs@o
00590 963000b96 Lbgowslbgs Lobol yx®gogdow).
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b3gaogogamds:  OV-6  ob@olbgymo  godmoygbgds  sesdosbols s
300moagoll OV-6 5b@oggbol godmbogangbo 0dybmdol@mJody®o s asdpobsmy
GoHOIIHO0gmo ggeggolmgol.

0396m30bGmJodoy® 3genggodo gl sbBobbgymo 3mbigb@®sEoom 10ug/mL
3odmogangbll  OV-6  ob@Gopggbl  @gdmgobo  gx®gogdoesb  Fo®dmJdbogn

9bEmEYGdgm gxGegddy
Ig gesbo: mouse 19gG1.

039bm3olmJodoydo @gsjzool dgmmwogs
OV-6 56@obbgymo 35055060l sbsmengdby:

1. 36G550bol danmjol ©g3s@ox0b0boi0s s MgdoEMs@S30s.

2. g0dboos 4%-056 3o@ogm@dsawgdoedo 10 (o

3.30093bgs PBS + 0,1 % -0560 BSA.

4. 5059bma 9b9G0 3gOmJlosbels dgnmgo PBS + 5 %-0560 obols dds@0, 0,1
%-0560 B@o@mb X-100 ©s 1 %-0560 BSA 45 {m-ol a5bdogemdsdo, mmsbol
G933g@5B@by.

5. 90093bgs PBS + 0,1 %-0560 BSA.

6. 3063900 5bGolbgymmsb (OV-6 (R&D Systems; Catalog Number: MAB2020)
064905305 dngemo ®sdol gobdogamdsTo 49 C {gd3gdo@d @by 1:10.

7. a50g3bgs PBS +0,1 %-0560 BSA.

8.9gmo©  5bGolbgymmsb (Goat Serum (ab7481)) obgydsgos 60 Fo-ob
3563530 mbdsTo mmobol Bgd3g@s@ycdsby, Lodbgangdo.

9. a5Mg3bgs PBS + 0,1 %-0560 BSA.

10. 5b@Gog gb-5b6@0bbgyaols ‘dg93°3d0mgdols 30bgo0bo300 DAB
®dm 0om 05dobm oobom).
Iy 96 (005d0bmdgbbowobom)
11. 3mbRAOSLH o dgwgdgs Harris 3gds@mJlbogobomn 30 §a.
12. doygbmobyo.

OV-6 56@olbggmo (534obsg Sbsmen gdby):
1. goJboios 4 %-056 3o@sgm@dogegdodo 10 Fo.
2. 3oMgbgs PBS5 Yo
3. 0bggooEos mbol d@s@do 30 (o

50



4. 30Gggmom 5bBolbgnmmsh 0bggdsgos 18 Lo. 4°C 3gd39@s@nmoby OV-6
(R&D Systems; Catalog Number: MAB2020) 1:10.

5. as6y3bgs 3X5§m, PBS-Yo.

6. Igmdoe SbGolbgymmsb (Goat Serum (ab7481)) obgydsios 1 Lo, 1:600
7. 40693bgs PBS-Yo.
8. g930M>EF>300.
9. d5960m06g0.

Ki67 antibody [SP6] - 3@m@mogg@siool ds@3g@o (abl6667).

Mg 9356 gamds: Ki-67 5bGoggbo gxdgooll Gogemmsb ©sgo3d0®gdyao
b0 NGy o 30m@g0bols 3OMFAME0300, Amdgeno(s 9Jb3GA gL oL
dM3OM@0g9Mo(309 YXOIJYddo gxOgeol zogmols yggms gobsdo: G1, S, G2 o
M. 3mlggbgdger gx®grgddo (GO) Ki-67 ob@opagbo  o® gamobwgds. Ki-67
5b@olbgyeo 2odmoygbgds Lodlbogby® 30m39Lgddo YN g gdols
3Om@oggogogmo  sBogmdol  sbswagbs. LodlLogby® Jlmgoamgddo Ki-67
0bgdlo  3Omabmbyms  YHmEEgds  modowobom  dmbodgbols  0bwgJlL.
>Mligdbmdls 4353660 3OO Y5300 ORI Ki-67 0bgJLls ©
Jol@m3smmempoydse Low Grade Lodbogbggdl dme@ol. Ki-67 @g@obymse
3°dm04gbgds Yx@geol gogmobs ©s 3OMmEogxg@siool bgo@mbyga do@ 9@ o.

9JL3Mgbools aodmgengbs: do®mgyeo.

2obboggde:  0dybmdolFmdodos  3o@sgobols  sbomangdbg IHC-P:  1/100.
a0dgobog sbomegdbg IHC-Fr: 1/1000.

039bm3oldmJodoy@o @gsjiEool dgmmeogs:
Ki-67 5b@olbggmo (35®s5g0bol sbsmagdby):
L. 30M5g0bol danmgol gds®oxgobobszos @s Mgdo@s@oos.
2. godlsigos 4%-05b 3oGoxgm@dsamgidodo 10 Fo.
3. aoMgibgs PBS + §@o@mbo.
4. 5&59bpmy9b9@0 3g0mJlosboll dmmzo 2 bm-ol gobdsgermdsdo 220 C
G993g@58 @by 5 %-056 BSA-msb.
5. aomgibgs PBS + 3@o@mbo.
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6. 3odggmo obRobbgymmsb (Ki-67 abl6667)0bsydsios, PBS-T + 1% BSA,
18 Lm-ol gobdogarmds@o 49 C {9339God @by, 1:500

7. 35Mgibgs PBS + g@o@mbo.

8. dgmese SbGolbgymmsb (Rabbit Serum (abcam)) obgpdsgos 1 Lm-ob
3003530 md5do mmobol 3 933g@sGHycdsby.

9. a0M93bg> PBS + ®o@mbo.

10. 5b@ 0 9b-56@0lbgyaols ‘dgg°8dodgdols g30bygomobsios DAB
JOH™Ima gbom (00530bmdgb6bowobom). 3MbH®SLE Yo dgmgdgo Harris
3935@mJbognobom 30 §3.

11. 3sy9bmobyo.

Ki-67 56@olbgymo (god40bsg sbsmengdby):
1. goJboios 4 %-056 3s@sgm@dogegdodo 10 Fo.
2. ao93bgs PBS,5 (o
3. 0bgydoos gydemeol d@s5@ o, 30 Fo.
4. 30Gggmom 5630lbygmmsb (Ki-67 abl6667; 1:500) 0bgydsigos 18 L. 40C
$9339M5H@>Dy.
5. poM93bgs 3X5 (o PBS-To.
6. IgmAs© SbBolbgymmsb (Rabbit Serum (abcam)) obgydsigos 1 Lo, 1:600
7. 35Mgibgs PBS-To.
8. 0930M>F>(300.
9. do9bmobyo.

3°40byeo mgodenols 60dydgdols Ssboman gbo dmdbo@s 3O00LESE g
dog@m@mdbyg  (Leica 800 Cryostat Microtome CM1800). gobbm®Eogmes

3gds@mdbogmobom. Ki67, OV6 oo pan-Cytokeratin 3mbo@doyg@mdol Gomegbmdmogo
dgaolgds dogoydo g3domgmoygdolbs ©s Jg3o@mEodgdbolomgol gobbm@Ezogmes
GOm-Gom ). MoMmmynEo 60d9FoEsh Eomgmom 0dbs J060393 500 39358 ™G060.
60@0g@o  g3omgmoygdols @omgms aobbo@Eogmes Fbomor  ©gIHawgdol
25603339m90bg (cross-sectional profiles).
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bowgmol @9y gdol  Gompgbmdoll  glogslgdbemsw gowgdboom  Jom
Lodygogrm  @omgbmdsl  momnmgyeo  bodydol 20 ggando, 3gH03M@HY@S©

(BoOmm s 3306y 30OGY@o GOSJB9od0) s 0bGH@ommdymy@s.

99430 mxamd b0 s 039bmdemmGobyo

bLbom-Eob 24 bo-ol Fgdamd domgdamo  mgod@mols  Jbmgomols  60dgdgdo
204069 0dbs mbggo sbmETo s LY@ogsw dmdmygbobos 20 mM Tris-HCI (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 993390
30mE obs 063003MGId0L gmIBHgomBo ©s ©sEI6EHG0BHAs 1000 3G96by - 10
Vool gobdsgermdsdo.

‘dgdamdo sbogmobolismgols 3odmYygbgdege 0gbs by3g@bo@ob@o
(30003930l356 Mmogolbagemo dmdmy 96580).

Lodmanmm  5%-05bo 3mb3gbB®oEool dobowgdbo® 3mdmggbsdol g@sjiosl
©5995¢> boB®09dol Pmesgom bamasdol (SDS) 3mbi3966®0dgdamo blibs@o.
4ggeos  g®sdiosdo ool gmbiEgbd®s@os  gobolobmgdgdbmws @mam@
dgmmbgoo - micro bicinchoninic acid protein assay kit (Pierce) gamoyenebiT. 30 g
ool dgdEggmo  seoodgm@gdo asdmygbgdya odbs ygemsb dodo@mgdsTogs.
SDS-yg9e0 gangdd®mgmmgbo s Western blotting (ododo@ms bgdmm se{gdoao
3900©0g0l  20dmgg69300. Gomol FGOsblyg@ol 999wpga  bod@HmEgmgE®mbols
3998M0bobg bpgdbms dgdd@sbgools dgmgdgs Ponceau S solution 3d9dggmdom,
ool B®oblgg®mols S 9ol 9bmgm®dygamo ©oBgo®mgols
obooliydgdaep. d9dpamd 3gdd@sbgdo 0dgabgdbmws Fobgs@ymo dyxgaol
blbstom + 0.05% Tween 20, Yg59ppmd bpgdmos obgndscos bo@ol d@s@ols
s b9dobdo o 0wgbdgdms 356-30HM3gMs@B0bgdbg Mouse monoclonal [AE1+AE3]
(dilution 1:100 Abcam, ab961). s@bodbyemo sbGolbgymo [oMmdmowagbls Igogs ©o
B399 30H®3IO0>H0bgo0l o dHgoc.

LBHobsd@ o 0d99bmJodoy@o 3°dM 33e 93960 dodobo®gmdos
3900 Jbosbs-dmbodbyamo dgm@opo 0bGolbgymgdols s SuperSignal West Pico
Chemiluminescent substrate (Pierce) godmygbgdom. dam@gdo aoss@dsboen  ogbs
Lopbognols s Jdol  aolodmogdgdase  Fobolifs®  Sensitize  (Amersham)
obboggdygen 963960l BoMgdbby. 30HM3gMsB0bgdols Lsghmm g@sjzool s
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obggg o 3gumo  303™M3gMsdobgdol  gdsjizogdol  dgbodedolbo  wokggdol
m3B039®0  LodggMogg asbmdogr  ofbs LabWorks 4.0 (UVP) 9s3mygbgdom.
SYBMOSEOMAASR0E0 3O 0d@5(300 bogbdbmos 0000 %) 59 do
bogmb@@mamem  xayggol  godmoaggdol @godewols 3mdmygbs@ols ‘d9d3g39e00
mnbo  LEsbps®@Gol hs@mgom. mommgygmo  LHsbps@@o dgoizogos ool
Log®om Gomegbmdol 15-60 a@-b. ™3Bogydo Lodzgmogg obobsbrgdgdmws
HOG@ Y@ gogol  ©s  Gomiggo  GoH™3INeGobydol  @smwgbmdols
3OM3mO30Ymse (ob. Lygdsmo Ne26). gm@mbg [o@dmwygboaos dmbszgdgodo,
Oemdggdoi Jowgdbymos gdb3g®0dgb@gao bodydol GmBomydo 3OMmEJobols o6
(3820 3900 (0bpogoey®o) 3OA™M3gOoB0bgdols 0330390 Lbodgg®ogols
998300095000 (Logmbd@merm o6 gJb3gModgbdymo  xaugol  godmsygol)
0330490 L0d330039Lmsb, AMIgeoi 0dogg >YBMAIPOMAMoBDY o 0d@si300m
LBobos@@ygmo© dggbodsdgomps Gm@smycdo 3mEgobols 30 a@-L.

o3 goM0  dgmmwomn  Jogdygao  dmbszgdgoo  Fo@dmowygbl  m@Eemydo
3BoB™M3905@0bgdols ob (3080 3N (0bpogoey®o) 3BOO™M3gOo30bgo0ls
“d9930009d000 AomEgbmdsl” (ob. Igogagdo). d9dpamd begdbmws Qo @@ gdols
3odM3o 393900 0 3OMGgobols 0©gbBH YO0 M5m©gbmdom dggLgds
LR OHEgomes dgdddsbols sJBobom dgmgdgom (antibodies  from Santa Crus
Biotechnology Inc).

LAo@olBognto sbsgrobo

9000 goOmoagoll wgoderoeb IbowEgdmes g@mo bodydo. bodydol bmds

999450 gdmes s gye 9JL3gMm0dgb@dgob.
9]Bgmydo  3Omgoamgdol  (poboggggmgdol)  Lsdgomm  @smEgbmdols
omgms bgdmes momnmgygamo bodydol 20 dbgoggammdols ggando: god@ols ggbols

300mo0ms© oo (> 50 um) s oGy Jooddols GmEgdol (< 50 um/) dgbsdsdols
QOOMM s 33009 30OGH e g9 gddo, sbiggg 0bGH®ogmdym Y@ s.
GOA™MIgMoB0bgdols  LogHom  @omegbmdbols dgasligds bpgdbmes one-way
ANOVA-3gnm@om.
9]Bg@ydo  3Gmgomgdol  Gomgbmdol, GoRM3gOsGobgdol  LogOhmm
OomEgbmdol, olggg obwogoysmydo  0HMIIOsGH0bgdol  @smgbmddogo
dgoomgds  bpgomps  t-@gbGol  dgdggmdbom.  30@MIgOSGH0bgdol  Log@mm
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Aomgbmdol  LHsGobE0gy®o  sbogobo bmdGogmegdmes ®@  goJ@dm@osbo
(two tailed) t-dgbgoom.

30650056 963960396300 ‘d9dm3 33390 M o© 3o0boM s
039bm3olGmJodoy@o  dgmmeon 3FoHmMIgOHsGobgdbom  dmbodbyemo  Yx®gogdols
®oibgo,  olggg GmameOE  bogohom  3odmMm3gOs@obgool  Gompgbmds  (ob.
99092900), 0brogogsmg@o  G0H™gHGH0bgdol gbogobgoman podmygbgdgm
06> gOmg@odosbo t-glb@do (one-tailed t-test).

abmggmms  asbsfoagds ™m3g@oiogdols s 3gemggol  gowgdol  dobgogom
dmEgdgeos Nel b@ogndo

9Jb39M0dgbH geo ‘o’
e 0 6LLm

3905305
9JL39®03g68%0ls (s ggem 930
3OS Lo gmb@@manm

Xd9B0)

Xd9%80)
bLLlm-sb 3g-3 Lo 6 2
bLlm-sb 3g-6 Lo 6 2
bLlm-ob 3g-12 Lo 6 2
bLlm-sb 3g-24 Lo 6 6

Gbdogro Nel
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‘dIRIBIN

dob@ommaos s 037bmdobdmJodos

bLLm 0f393L 9B YO0 3Omgoamgdols HomEgbmdol MHMDY WM jowgdeyen
do®gool. 39Mdm, PsOMM 3MOFYo  ggegbobsmgols - F3,23=182.94, P=0.00001;

d3009 3mOFmo  ggmgdolomgols - F3,23=5.60, P=0.006; bogom 0b@®sgrmdyemy@o
bog®d399d0Lsmgols - F3,23=48.78, P=0.0001.

GO bom3gMsiogd 3bmggmgddo LEsEobEogg®o sbognobom 9B gdo

30mgogdols  doRgds 0@  aodmgmobs  oOG3 9O  obsbgagdye  s@gdo.
(gbGogoo Ne2).
RONM 33 dzotyg 33 06O s Mmd g @o
6Ll Lo 3mb@®menm ) Lo 3mb@@man 6Ll Lo gmb@dmenem
(M £SD) (M £SD) (M £SD) » (M#SD) | (M 4SD) (M £SD)
3 Losmo | 4.931# 2.70* +0.07 240#* +0.17 1.38* +0.04 1.47 t4# 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
LoSMo +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
bosmo | #0.13 £0.25
24 6.9751% 2.64* +0.23 2765t +0.09 | 1.61* +0.17 | 2.798 0.25* +0.08
Losmo +0.13 +0.20

M - bo3gogm

SD -U@sbpsd@umo gosb@s

* - 3609369@mg560 aob6Lbgoggds Tglodsdolo X3980b 0dogg dmbs39996mob (p<0.05)
§- 3b0dgbgemgobo aoblbgoggds 3 Losmol dgdwamd dmbozgdgdmsb (p<005)

T - 8609569emgobo o6lbgoggds 6 Losmol Fgdeamd dmbs;gdgdmsb (p<0.05)

- 3609gbgarmgobo aoblbgoggds 12 Lossmols dgdpamd dmbsi9dgomsb (p<005)

# 360dgbgermgobo goblbgoggds 24 Losmol dgdwamd dImbo3gdgomsb (p<0.05)

Gbdogro N2, anfdaagdol @sm@gbmds joGolb g960L jo0Gm3omse oo
(> 50 um) @s diomy joemod@mol GmEgdol (< 50 uml) d9bodsdol o@mmm s Jiomy

SGG a0 g9a0g6 do, sbggg 0bB G Har g@sg.
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G0@ogMo  g30mgmomEoH oo o GgoHhogmo  gdHamgdol  Yx@gRgéo
43390050 3mbo@oyg@o oym CK-ols ©s OV-6-0l dododm 33amggol yggaws gowsby,
39358™M30A 9oL 0dygbmdolEmJodog@o  3GmRBoemo 3o 033 dmEs,  3gMdme:
39358m30dgd0  CK-bgyodoy®o  oym  bm@dymsm  ©s bllm-psb dg-3 s 3dg-6
Loomgdbg. dog@sd bLllm-sb 89-12 ©s 24-9 Losmgdbyg 3dg3s@mEodgdols bsfogno
ogemgbs CK-ols gJl3ddglosl. sdobmobogg dg3s@BmEo@gdo 33mggol yggems gowoby
OV-bgas@oyg®o ogm. Ki-67 —om Jdgwgdgsd ggo  godmogemobs dm3®Omeogg®sioy
Y Ogegdo. (3bMogno Ne3).

do® 3940 CK Ki-67 OV-6
c c =}
2 1% | | |® lene|a |2 |:
< el ol 065 =
R 0 2 o s 0 £ :—w—% c 0 = mr%
2 g Sl O | ¢ SYUgl 2 3 D & g
g < 288 € < 282 ¢ g =52
3o 2y |[YFET| B |y |foE| 2 1 S8
v e M m e “ & ” ) E &
o o o
bem®ds - + - - - +
bLLMm-©sb _ + + _ _ _ _ + +
d9-3 Loomdby
bLLm-©sb _ + + _ _ _ _ + +
d9-6 Loomby
bLLm-©sb +/- + + _ _ _ _ + +
d9-12 Losonby
bLLe-©sb +/- + + - - - - + +
24-9 Loosmdby

Ggbmoaro N3 0dnbmiolbBmfodonmo  do@yg9m900L g fbsdglbos  Lbgowsbbgs
DX GIQ 0 303790 530930b Jogi — paa950b gowgdol dobywogom

O]9yt 3Gmgomgdol  @Aomegbmdol  Lo®@fdybem  dmdo@gdsl  yggmws
359033 gy 5™ 9do syomo Jmbos bLLm-sb 9339 Lsdo Lssmol dgdpamd, 24
Losmol d9d@gey 30, domo @oibgo doJlodos@y@dl s ggs. sdolmebogg, Rodmm
30GH Y gggddo ©s 0bHHommbygmgdoe G Yool BomEgbmds 33gg0Goe
dopmmods  3oMggemo  Lsdo  Losmols  aobdogermdsdo, d5Tob @mwglsi  d3omy
30O Y g9 gddo gl do@gds mobposmsbmdom bm@ogmmwgdmes (Ly®d. Ne3).

57



BS&H0M 33
7.5 :
0o 6.63 0.9/
6.0
5.5 4 ~
5.0 0”6
4.5
1.0
3.5
3.0
2.5 L = —i i
2.0 2.7 2.68 2.6 2.64
1.5
-3 Lo 6 Lo 12 Lo 24 Lo
— bl —m 367 ™3
8G0®J 33
B0 2.76
2.8 LV
2.6 2.4 5 —
0.4 0/4"
2.2
2.0
1.8
1.6 = o——H
1.4 - 153 153 1-61
1.2 1.38
1.0
-3 Lo 6 Lo 12 Lo 24 Lo
063@ORMJIRIB0) S®I
3.0 565 2.79
§ S —
2.4 —
2.2 —
2.0 —
1.8 145
1.6 &
1.4
1.2
1.0
0.8
0.6
0.4
0.2 L -v‘d—
0.0 IR REE:] 025
-3 Lo 6 Lo 12 Lo 24 Lo
—¢ bl -= 36OY 4.

bod. N3 @b aeramo 360%50agd30l Gsm@gbmdol ds@Bgdol wobsdojol 5Gs9%040
boggarggo o@g960b o 9639089650 gowgd0l Jobgwgom
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shogmo 9B gdo 3Gmgomgdo  dgobodbgdbmes  gggers  bmdol  3m@F Yo
B®5JB g0l Josdmgddo — Fodmmesb ¥dEodgbedweyg (by®d. Ne,5.6).

bym.  Ned,5,6. 4 - bodpgombs  obmgdom  Jobodbydycmos @B e g@o
SOmRoargéo  Lbgowslbbgs  bemdolb oG ae  g9argddo  b6bbeo-psb 6 Losmol
dgdwgs. CK, X250; 5 - bodymobs ob@gdom  dobodbydaaros @b aera@mo
SOMmR0ar 60 bsdysarer beodolb oG aar g9 do bbbm-psb 6 Losmol dydoygs.
CK, X400; 6 - w@gjbaeado 3Gmaqoagdo domy bmdob so@Gdaamo  ggaol
Jodwgdodge bLLm-psb 6 bosmol dydogs, HE&E, X400.

QoOmm s bodygogmem  bmdol 3@ AOo]Hgodo By gdols
d60dgbgammgobo  @omEgbmds  gobmoglbgdymo  ogm  doGomopo  bowgeols
Loobo@ols dm3o®padodyg dbodglh — dgbodsdolbo godols ggbol Lsbomy@ols

39003930l aolL{gMog (Ly®. Ne7.8).
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bygm. Ne7.8. @b aemgdo gobarsggdaaos pomolb 3960b 39G0dyd@m by (bowgarol
bowobs@ol bsfobso@dwgam dbomgl, X250; bLbm-wsb 6 Losmol dgdwgs, X400,

H&E.
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)@ gmygto  Ggodaos godmgmobes  0bGGommdgmgdopsi,  dmbsobrmgdyg
QoORoHsbs o 3gbBBs @ ggbsl dm@ol - 3m@Fymo FOs]Gowsb (bswgmols
Lboobo®osb)  @odmgbodg  olgyamo  Bog@mbol  osdmédgdom. smbodbyao
9@ gmmgdo  @mgsmmobgdgmo  ogm  @olbgl  bog®Eggddo.  Loob@g@glms
500b0dbml, @md 53 “bygmeyddywgdol”  Fodwpgdsdg  Lobylmowgdo  PROM®
35b0gM0 0g4m, go®yg 03539 dowsdml Lbgs Lobylmowgdo (byd. Ne9,10,11,12,13,14).
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bom. N9, 10. 9 - ob@Gom dmbodbyeros 0bB@Esarmdyaadmo o S aers; bbbom-
wob 6 bosmolb d9dwygs. CK, X400; 10 - obGoo Jmbodbaaros 0bd@sanmdye ado
@B gers; bbbe-wsb 6 Losmol dydwgs, X400, H&E.

boydm. Nell,12. 11 - obGoo Jmbodbyeros 0bB@oanmdyemadgo @b aems wobyl
bogiigdo;  b6bbm-wsb 6 boswmolb  dgdogs, X400, HE&E; 12 - obmgdom
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dmbodbaanos 0bB@msanmdaaaydo afdaemgdo @obyl bogdeiggd do; bbbm-psb 6
bssmol dgdogs, OV-6, X400.

bym. Nei3,14 13 - obdgdomn dmbodbyaros 0bBGsgrmdaamamo  ©a)d aargdo
wobyl  bLog@igdo; @olbyl  bog@eig §ogobogmgdaaros;  blle-psb 6 bosmol
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dgdogs, X400, HE&E; 14 - ob@gdoom Imbodbyeros  0bBGsermEyar G0

@B gergdo @wobyl bogdigdo; wobyl bogdig ogsobogmgdaaros; blbbem-psb 12
bosmol dgdwogs. CK, X400.

bgmeyddymgdol  asdmdggbo  Px@gegdo  3g3s5@dm@E0Rgdby  dgomg  bmdoboo,
dop®od  (gdoamo  bogmols  Lowobsdgdol  25dmdgxggh  JoamsbyomEodgdby
@5dEgbodg opo. bobosmpgds mgomy@o, bemaxg® momobGods gm@dol
bomgamo dodmggbom s IfoMo o@dm3gsbdom (Ly®. Ne 15,16,17,18).
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bym. Ne 15,16. 15 — by daemgdo [oesyolb Lowdmdydo (wolbylb bogdegdo),
bbbm-psb 6 bosmolb dgdwgs. X400, H&E; 16 — bymeyddaems dmbs bwgdy

200206506 dodwgdsmge, bbbm-psb 6 bosmolb dydrogs, X400, H&E;
bmyxg® obobo Jdbol m@TI@0sb, LobizoGoydol Lasgh yx@gEgdol 3ol gdl

(byed. Ne 17)
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b, Ne 17,18, 17 — ob@gdon 8obodbgdmaros bgmwaddaaado dmbsbmady
JoGR0B0l Jodwgdsdgw. Eblbor-sb 6 boswolb Fgdogs. X400, H&E; 18 -
ob@gd00m  JoboTbgdamos  bgmaddaamado  Fomegol bow@dydo bbbm-wsb 12
bosool F9dwags. X400, HEE;

sbodbyo  Yx@gegdo  039bmbgys@oyg®os  3GMm@ogg@oiogmo  SGogmdols
do390ol, Ki-67 dododro, mgdEs msbosd@sw o3amgbl 3mboGoyd gdl3ddgbosls
356-303™39M530bgdol ws OV-6 dodsdm (Ly®. Ne19,20,21,22)
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bym. Nel9,20. 19 — obdgdom dobodbydmaros CK-smbodonmo @b aangdo
bbbo-ob 12 bosmolb  dydrgs, X400; 20 -  ob@gdoo dobodbydmaros OV-6—
s boBondo o damgdo b6bbm-psb 12 bosmol dydwgs. X400;
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bym. Ne21,22. 21 — obGoo Jobodbydyeros CK-3mbodonmo @a 6 aes 6bbm-
@b 24 bosmol dydwgs, X400; 22 - obdGoo Jobodbydyeros OV-6—-3m bodoydo
@3B gers bbbem-wsb 24 bosmolb dydwoygs, X400;

bLlm-ob dgdpamd 3g-3 o dg-6 Losmbyg 3g35GmE0dgdo 53 gbobgb bgyo@ oy
9Jb3aglosl gggams bgdmm s@bodbymo dodgyg@ols Jodo®o, Joa@od dg-12 o 24-
9 bosombyg 3935 mEo@gdol 360dgbgermgsbo @ompgbmds @ogdom glbddmglosl
53 gbl 356-30@™3g@s@0bgdols Jods@m (Lydosmo Ne 23,24,25).
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bym. Ne23,.24. 23 — obGoom dobodbydaaros CK-3mbodoydo @6 aergdo
309§ g0 g% do, bodymobgwogdom dobo dbydaemos CK-smboBoymo
39353mi06930, bbber-sb 12 bLosmolb  dgdwygs, X250; 24 - obGom
Jobo dbydyemos CK-3mbodoamo 3g356mGodo, bbbm-wpsb 12 bssmol  dgdeogs,
X400;

bym. Ne25. bodymombgwogdom dobodbgdaaros CK-3mbodonmo 393560006930,
bbbm-@ob 24 bossmol dydogs, X250.

@ Ggbo s 0396mdgmmBobao
bLlm-ob 24 Losmol  dgdgy godmogggdols  @godaols  dmdempgbs@ols

BOsJiz0gool Western blot sg@m@s@oma®sggdby (ob. 3gomegdo) @odgdo dgomgds
0530 Jmbmgemby®o  [AELI+AE3] obdo pan Cytokeratin—geoo (Abcam, ab961)
>bBobbgyemgdom. bmengdol dmerosbo Mm3Gogyg®o Lodggdogol ©sdm3owgdyen gdsls
hoBgo®myeo o gdoll  MomEgbmdslmsb  babmgsebo  ©sdmzogdyamgds  3jmbos
(obogngo gogod@szool IGgwo (Ly®. Ne26).

0ommgyeo  boao  dowgdgmo  ogm  ghomo  bodydowsbh.  bmengdo  1-5
Fomdmoagbls bLlm-sb 24 Losmols dgdwgy swgdyan  60odydgdl, bmangdo 6-10 —
3OYe  bom3gMs0go0 goAmopg9d0sb  swgdye  bodydgdl.  bmengdo  11-14
Jo®dmo@agbl Logmb@@menm godmspggdols @godgrol ¢do®mgm dmdmggbs@oliogsb
domgdyan 4 LEsbs®@ e bmenl  ho@gzodmygmo  gogrgdol  dgdwgyo
AomEgbmdgdom: 15, 30, 45 o 60 pg - dgbodedobo. agerols dodxggbs dbodgl
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ob@gdom  bohggbgdos  Imengiamy@o  Fmbol  LEsbps®@gdo. ageol  dodibgbs
dbodgl ob@gdom bohggbgdos 0d 30GHM3gABH0bgdols 3mbogos s dmen gz y@o
dolo, HMIgems HomEgbmdsdsi Lod{dynbme Imods@s (*) (by®. Ne27).

dbm e mby@o sb@Gobbgyargdols 3™ JBgoo dgogo ©> 2999
GOOMIgOsB0bgdols dododm dgygzog3dodes ™m@0g9 X980l (Logmbd®mmem ©s
bLLm-sb 24 Lm-ol dgdegy) dgdegao dmegigeg@o dsbols 3Jmby 3G MEJoby@
xokggol: 66-68 ©y3amg@po, 65, 64, 56, 50, 44 ©s 40 KDa  @9y3amg@o. mgdae,
bowgeols  gaydgdol  IJmbg  godmoyggddo  godmgmobps  goegy 9GO mo
sdo@goomo 61 KDa dmanggyeydo dsbols 3@GmEgobo. 3mbodbymo xodkggools
dogggaygdo  dobs  Dgglbodsedgds  30H™M3IgOsB0bgdol  dobolboomgdengdl.
GOOMIIN>B0bgdol Log@mmm @omEgbmdbols Mm3@ogy®o bodjgMogg 3OM3IMMEGOYO
0gm 94b39M0dgbGol dgogyoe Jowgdymo 3GMEJ0bgdbols Momegbmdbols.
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byd. Ne26,27 (s g@ogmds oboeng @9JLEdo, g3. 69-70)

39BM3305306300L Ldghom Gsmmgbmds

93903960l ‘dg g GOA™M3gOoB0bgdols Log®om O5m©gbmds
d60dgbgemmgboe o@3gergdmes (F1,9=6.05, P=0.039). Lsggergg xa9xdo (bLLm-osb
24 Losomol Jgdpgmd) Log@om  30Rmgg0s@obgdol Lodygsemm dggo®dogdomo
dogygemds  37%-0m  s@gdoBgdmws  LogmbB@mem  xagnol  godmogyggdols
dohggbgdgens  (1=2.46, P=0.044) (Ly®. Ne28).

2,5 1

1,5 1

1,0 1

0,5 1

0,0 -

28

byg@d Ne28. 24 bosmosbo gfbsg@modgbBol 2 xgan0lb goGmsggol wgodarolb dogrosbo
2563009 390550b950L b Insgremr  gs@omdomo  Gompybmds  (0b.  dgmemwgdo).
Gomdogrgdol bsbgdo godmbsBogh Lo dnoanmgdol bBobosddaam omdoengydsl: 1 —

boggergg x990l 300053593 d0. 2 — @I bsm39@o3090 300500839500 8 993 do.
x39390b ImGol gobbgoggds bo@mfdnbms md-paoosbo  t-test -om (P=0.044).

GO 3o (0bogopy®o) 308™3gMsB0bgdo
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SDS  gagdHomgogbols godmygbgdom boggargg ©o bogmbhomme  xa939db
dodol  Jgoosds  3omggumo  0RM3ghoBobgdols  dohggbgdangdoiE. gobsowsb
sggoJbods  CK  —=3mbo@oydo  @godanol  gxdgogdbol  @ogbgol  ©o
GOAMIIOB0bgdols LogBhmm @omwgbmdols 360dgbganmgabo 5@ gds, 0bogowey®o
GOAMIgOoB0bgdols  dgbogolgdmom godmgoygbgm  goOmgs@maosbo  F-Ggldo
(one-tailed t-test). bomgaol  Ygaydgdol  dJmbg godmoyggddo  wosgodloMes
GOA™M3gOoBobgdols  yggms  g@sJzool  LodIygogm  @omEgbmdol b
Logmb@®mam X3 B»Sb ‘dgsmgdom, ONTE bmyso domomgdls
30A™M3gMsB0bgdols GomEgbmdMog do®gooby bLLe-L 306594 To.
2oblLsggm@gdom 3b0dgbganmgsbo do@gds woxgoJlods dgdpgao Jmangzyey@o
dobols 30dmggMsBobgdolomgols: 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. Lye. Ne27).
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360K 3D

bmgowse dohbgymos, @md bswgmols Loobos®gbol (Jomo 3OmRoargdols)
OomEgbmd®ogo do@gds dglsdegrms ©s3ogdodgdyemo oyml:

S) 9389 >OLgdyeo bogaol Lo@obs®gdol 3OmM@ogg@szoslmsb; sdsbmsb,
dm3Ommog9®oizog  ©9]dugdo  0bsdhybgdgh  o®g  o@Lgdym  bowgaols
Loobo@gdmob bgogligdsl;

d)  Ubgs 9xdgegdbol  3Om@oggasgosbmsb (oo  dm@ol  @g@mgsbo
IXOLYO0L)

3) bbgs gx@gegool Jomsbyom@odgdsm ob Joamsbaomzodgdol dLasgl
YN M goo© B®obboxgg@gbiosiEosbmsb (dopomomsw, 39350 ™30G o0l
3O Jdbon @B §30mgEomGo@Hgde).

9]@ggdo  @gojaool  Bodgdl - “@odyal” o “sEodoyal”
3obLobwgMogl  ygges  hsdmmgmogo  dgdobobdo,  @mImgdoiz  Lbgowslbgs

063 gbbogmdom 30MSME oS ©godgols Lbgoolibgs 35MMEMY09M0
damdodgmdol @ml (Tavoloni, 1987;  Yamada et al.,1987; Nakanuma, Ohta,
1986;  Rubin et al.,1965). 33303, bobggbgdos @md bLLm-ob gJl3g@modgb@ e
dmgen o, 3omm@maoy@o Jamds@gmdol asbgomsdgdols bbgowsolbgs gowaby
bgds bgdmo@bodbyao Lbgowolibgs d9J>60bdgdols sbodg@®oyano
063 gbbogogoEos. dspomomsp, dn@wbyamgdbol mgodedo Godydo ©yJdY Yo
@ 95J30> mgo@bohobms blbm-sb 3-7 ol dgdwgy o 9YBOM 33056 gogdbyQ
(Georgiev et al.,, 2008). bggbo se@ggeo ggeggol VgEgagdoi Sl YOGOL
Joesbyomzodgdols ©> 3935¢™30dgd0L doBmbgools 3o0JB0ggdsl
Jomgomdglol gowsggebdgosb 3g-3-4 ©egl. dog®od odobmsbogy, hggbl dog®m
oxodlodgdgmo oym Y@y gbols (Bosmo 3OGMRBoa gdol) @omEgbmdols ds@gds
bLLm-sb 9339 odmEagbodg  Losmol dgdpamd, @mgbsi @godendo g9
s@dmgohobgm doRmbol goyu®gdo. 5dgodo gl woliggbs gopedm§dgdygao ogbs
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3Om@oggdsgogmo  dodigaol  Ki-67-0l asdmygbgdom. bLllLm-psb 24 Losmol
2obds5gemmdsdo hggbh g9® godmgogmobgm Ki-67 -3mbodoygdo gx@gogdo. gl
goJBo 03gsmgdl  dmbobmgdsl, @md bowgmol ©yJdyrgool  Gompgbmdols
do@gds  bLlLm-ob  3g-3, 89-6, dg-12 s 24-5  Losmgdby, o6  s@0l
05353900 9d99@mo Yx Mg ool 3OHME0g9As30sbmsb.

goOm-ghmo  dgbodanm  Fyodm  ©3Jdywg®o  3Omgomgbol 5@ gools
dgodgngds ogml Lsbomgamg @m®{mgsbo xo®ggagdols (glandulae mukoze bilioze)
Lobosmy@gdo, GMIagdoi gobogdogds bllm-om asdm{gggmo dogoydo {bggol
do@gdols godm. gl gdygangdbs AMA YROM sSgomo asbosb@gdgamo gobegl,
3009, gm@doosls  bgdodmgom  dmgodobm  @sdmwgbodg o yglE@sEosl  dolo
>MJogosb:
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9L 0@yl ®sEogoo  Fo@Imowagbls seodosbols o Jdoenol  @godendowos
bowgeol Lowobo®gdols gm@mboygmo 3G 93053 gdol  gmEmgdl, @M gdbys
3o030© hobl Lobowgmg anem@fmgobo xo®g3agdols §gond@gdoi (Jobodbgdyaos
ol gdom).

0933 boggaolbdms, Gmd go@msoyggdl, 2obbbgoggbom swsdosbgdolisgsh,
obggg Jdowangdol, 3o@gool, bmgol gmdgdbol ©o ULbgs @sdm@os@m@oyyano
3bmggagdoliopgob, goshbos  Loboswgag w@m@d@fmgobo  xo®ggangdol  d3odyg
OomEgbmds. sdobmobogyg, domo ¢dgBglmds aobmoggdyemos @godmas@gms ©o
oMo godgmdops  bogmol  Loob®gdby.  bmpswow  dohbgyeos,  GmI
m@(mgobo x0®33am 960l AomEgbmds 30MES300 330G Tos bowgaol dyd@ol
5OLgdmdslmob s, dgbododobow, o3 x0@3gergdol d73mbY@-50356Mdmbs@Geyeno
Lgg®9dom bowgmol d3dGowsb godmbdmaogo 3mb3gbd®Mo®mgdymo bswgaols
BoB®>300l Loko@mgdolmsb.

hggbl dogd bLLm-0l Dgdymd Yobmmgl gowgdbg swdmhgboamo sboano
©09]Bgeydo 30 mxzgomgdols Lobowgang m®{mgobo X006 3ge0gd0l
Lobomyg@gdmsb  googoggdsl  sbggg  bogmgdsw  Lo®dFIybme  beol  domo
BM3mgdogos. hggb gohggbgm, @M Y yto IGmRBoegdo aobansygdygmos
30@F o ggbol 39M0dgB A by, bomgmol  Lowobosmgdolspsb 3dbodgbgermgsbo
o308 gd0m, bdods  dob  Lofoboswdpgam  dbodgl. odagodo, bogamgdow

Lbogo®oygoms, @md ©gdaeg®o GgojEos ©sgogdomgdygamo oyml  Lobsmgany
mO{mgobo xo®g33agdols Lobsmyg@ol gopsbogdgdsbmasb.
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Fo@dmeagbogno  Lyy@osmo  hggbl dogd  wosgoJbodgdymos bLlm-sb 24
Lbosomols  d93gy. o9y bowgamol  Lowobo®ol  (dobodbgodymos  mgm@o

Lodgygmbgoom) dodpgdoty 9@ yeg®o  3Gmgomgdo  (dobodbgdygeos  Dogo
Lodgygmbgogdom) gowgg dgodengds as0y03909e obsls Lobomgang m@mgseb

X000 3380 90m5b, Lowobs@owsb odm@gdymo w9l geyg®o 3Gmxzomgdobsmgols
(d0b03dbgdyaos dogo oldgdbom) sbgmo @sdggds s> goey@os.

T. Murakami-d obssg@mmgdmsb gomsw (2001) godmogggdols bomgaols
3bgdols 30OMmboyeo 30 935G gdols doligobomgdgano 980 9GO byeno
dogembgm3on IgLFogaolisl s gds 3g@03m@@Fygamo  dogos@dyao  Fbyano
(Murakami et al.,, 2001). 3 {(byagddo bowgmol ©9Jdggdo  gOnIsbgols
93°8300©gds [gdommo sbolBmdmbgdols d9dggmdom, @mIggdoi Jdbol gOmosb

doolidspge®  (byel  3m@Fymo  ggbol  Gm@gdol  odageog.  bowgeol

9@ gmmgdol gl LolbEgds Jdbol 9xdm dbbgoa ©ydyegdl, @GmImgdos
300H e AOoddo JIbol @wgodamdows bomgeols Lawobs®gdl.




56— go@olb  g960b  BeBo  (3),  bowgol  bowpobs@ol  Gmdo (@)
39G030GG gm0 dogrogdo  [Fhaemo  (Jobodbgdyaros  Jogo  bodyombgwoydom).
geBm IBsbogmos 3Gmggberd dgdozsdol bgdodmgoom.

3930J0mdm, Lmoge 3g@m03m@dygmo dogos@ygeo (bymo Fo@ddmopagbls 0d

3mbLAGyJ3osl,  @mdgol  dgdoeygbgero YA Y gdol  2oRsOmMmMgds3
25653000398 uddgmg®  @g5dgosl - 39@03m@@gmse  “shogo”

©3]damPB0  3GOPomgdol  3sdmgmgbsl - bowgmol  dgagogdoesbh 9539
(4)08(09936083 Losmdo.

hggbl dogd  @odmegbodgxg®  odbs  ogoJlodgdygamo  CK-3mbo@Goydo
3mbLAGYJ30s, OmIgmoi aodl gbggmes godol ggbol FmEYoL. ggojomom,
L{m@go sby 9bos godmoygydgdmogl s@bodbymo  39M03m@ @ gmo  do@oy®o
(bgeo dobGmammaoyg® sbomagdby;

ol@yd00m Jobo dbydyamos  CK-smboBondGo  39G03mGE yao 3007H0
@B gergdolb jb6bBEG 0930, Gedangdo so@b gbgggs goG0l g960L BmB93b

0yd3e, Gmgmag hggbl dogd  odbs  bobggbgdo, bomgmmol  wed@ e gdo
bLLM-sb 6 Losmdo ganobgds sbggg Fogsgol dogbom, 3m@EGY@o GOsJBowsb

Lbogdome dmdm@gbom. bosmgmos, GmI 3g@odm@OGygmo  dogoygdo (bymo o@
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‘dgodangds oyml ©s3ogdodgdyemmo 53 LEAMYJG @ gdomsb. sdwgbsw, olobo ¢ybs
dobgobogome 03 9fgdoamglbo boswgmols ydduagdol, dsm dm@ol, 3g@obyols
sMbgbdoll  gobog- o goliigoog  d@oagdow, Omd@gdo3,  mobsbdow
Log@Omsdm@obm  3mblgblylols, aowogggml  dmbobwgdg  RoORodsl  ©o
3039 Egds bogdome Jmdl, Jomsgzgdol Low®dgdo (Roskams, et al., 2004).

J0Oms830b  boswgaol  5b930lL  ymG0 bogaro  3@g3s@meGo, Jsbyjsbo@ydgero
JEIJBObgao  Joybembymsos. BD —  bowgaol  bowobsmo, DH — 39@0bgols
doarsgo, BC — bowgarol  josoens@gdo. geder dodsbomos 3Gemg. zerGdsosh
698G mgom, dobo Jo@msEo s@Jogowsb

A gmygao  @godaool  Ygdopygbgamo  3@mgoggdo  Ygbodemms  Slggy
Fo@dmoeygbogl bowgeol Lowobo®gdol ¢fg@omgl sbsbGmdmbgdl, @mdgmoi

s g®momo 0dbs godmoggol bswgmols abgdoll gom@mboymo 3G g3s@o@gdols
dobigobo@gdgmo g gdB®mbyemo dogommbgmdon dgb§sgmobsls (Murakami et al.,
2001).

@5@md o® geobpgds hggbl Jog®d bLLm-ob s@gye gogdby s gdoeo

©09]Bg@gao 3Gmgommgdo bogmbd@mam xangol goOmsyg96do?
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dohbgyemos, GMI bo@Iygsw, bowgmol bo®dygamo  [bggol  3o®mdgddo
06@Oo@mdymy@do bowgmol y]duegdol ©s dgMobgol s@bgdol wosdg@®o
0dgboe d3zoMgs, GMI Lobsngol Jog@mbzmsiomn domo gobysaobsios dogrosh
0dgosmop bgdbogods (Roskams, et al., 2004)

09]Bgegdol aod8mbgbs 0b@@sgmdymmydom dglsdems soblbol dognogy®o
303903 9b6%boom, @53 03936 bowgemol Lowobsdgdol Lol gdol gopobogdgdsl
s> dom “aodmdgmogbgdsl”. s@bodbymo “bgmeeyd@gmgdo” @mgsmobgdymmos
ollgl  Log®mzggddo, Go3E  ssb@y®gdl 53 Jobob@gdol, gobsowsb
39Mobobylmowy®o Lbog®3g JONSEIO®MO ‘dgbodenem SO0, oo
dgbodamgdgemos  bowgmol 9@ yegdols s  3gdobgol  s@bgdol, oSbes
4§ g®oaglio b0 0y9@0 5bsbBMImbgdols 3obmogligds. 9¥ 3o glio
09]Bagagdols 333500 @mgsmobszoom s bswgamols dgyydgdol wAOML domo
3oaobog@gdoms @, Tgogaoe  aodmf{ggymo  Lobylbmowgdbol  3md3@gloom
‘dgodangds soblibols hggbl dogd bgdmm s gdoeo Lobyglmowyg®o gsdomsmgdols
3035b09@gds  (Asboir  ¢30Modglo  swaomo  gbos  3Jmbegl  3md3@glools
dowsdmgdol 3GmJLbodsgny@ gadgbBgddo) (ob. Ly®. Nel3,14,19).

30mx9bm@  dogrgs  mmodols s dobo  ImFogggdol  dogd  @godanols
dognmgobo  LA®YJB YO g0l LobEgdy@o g3ewggol dgogaoe dohbgyaos, ®mI
3o@ol g9bol, bowgamol Loswobs®ols s @godmols s@Ggeool @sGmEosbgdolsls
Vgdomo  @mEgdol  asdmgmgzol  (Lowobsdol  dgdmbgggsdo  go —  hodmgols)
3ambggdo  asblbgsggdymos.  gg@dme, @godeol  oMFgdools s  bowgeols
Loobo®ols mgodendows dmbsgggmgdol Fgdomo asbBm@gdgdo 9a@m dsbgoeno
39mbom 203mggmBosh ob 9353900 gbosb dglodsdol Fm@Ggdl, godg godol

3960l 2ob@m@gdgdo. olggg bLogodoywms (o gl o0@odoe  wosbGydwgds
mgodenols dognmgsbo LE®9JB @ gdols 30OMboyeo 3093505 gdols

doligobodgdgemo  gangdB@mbyao  dogdhmlgmdomn  godmgyganggol  dgogagdol
aoobogmobgdom — Motta, et al., 1978, Kordzaia, 1990), @md yggesbg {(gdogmo
30O G0 ggbgbowsb Lobylmowgdol 256TFMmgdgdol gumbggdo goblbgogwgds
063 gO@moyma®  bowgmol  Lowobs@gdmsb 9¥gdoamgbo 9@ agegdols
hodmngols gymbolgsb.

Jggdmo dmagysgl hggbl dog® dgddbogro ULJgdsdydo Lydomo, GmIgenog

Vomdmoagbls smbodbyao ©gdbymmgdol oo al@@siosl.
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ombodbyeo  LJgds  godmasw  9hggbgdl  0bGOommbymudoe  swdmhgbogno
0B 9egao 36 mxzgoa gdols 3°8d0@a L 06@ 9O My 9@ bowganols
Loobo®gdmsb.  obggg  ogomlohobm  bpgds, @md  bLLm-olb  Jgdwgy
2aobgomo®gbdyao do@oy@o 303903 9b%bools 3odm 2o35b0g@Mgdyan
0b@Go@Md @@ 09]daemgdl  (Jom do@ol,  3g@obgol  Jogenszgdls)
“Ygbodangdenmds  ogm”  Jmobobmb  dodwgdsdg  Lobylbmowgdol  3md3@glos
InEgdgmo gobgool 3@ Jlodom o domo bobsmyg@gdol yogobog@dgoom.

bigds: g9 — go@ob gg9bs, 6L — bowgarol bowpobsdo, 1 — 39G03m0GE a0
dogrog@o [byao, 2 — boggaol @yldgwol 0bH@s3mdd gwo bygdgbdo, 3 -
bowgaoli @yl gaol 0bdGsgrmdygaydo bgsdgbho, 4 — dg@obgol @gdgeo,
5 - bobberol bobynbmown®o  jos0ers@o, sssss - Jbobwghgy  RomR0B00b
bos@mygdiom bsbo, == - @y fBae@mo 3GmR0e930

s@bobodbogos, MmI bowgmol Wy ymgdol gogysbog@gdol oMo gery@o
005G © 90> domo 2odmdggbo 9300 g om0 gdols 30390 OMB0S3.
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“b9oe9dHamadol” Fgdswpgbgaro PxOargdo bobosmwgds bomgmo, mgoggdo,
boyxg® momol@ods gm@dol dodmggdomn s IFodo Godm3msbdom. oliobo
IBOO ©oEos,  gor@y  boddgao ©9JG 9ol yodmdggbo  yydg@o
g30mgeoygdols gx@gegdo s YPO®M Jgodg — godg 39353 ™m3E0Rgdo. ds@smo
d0Omgg@-30HM3mobdgdo  obpgdlo,  dodmggools  bsmgmo  gg®o  ©
“52M935309800” dobaoygds >sbB e gdl >3 YXOgogdols do@ogn
095J3ogmdolls o 9AToxg@Mosl.  Logmb@dmam  xaggmsb  dgosdgdom
sbodbye  gxdgoms bmdodo JoGgds (Mmam@ 3 s@obodbs, Logmb@®manm
X398do domo sedmhgbs 396 bygdbgds dzomg bmdgdol asdm) dogmomngdl,
Omd  dogroyg@do  303g@Bgbbos s  dobo  wmobdbengbdo Iy Bo3ddmgogyg@o
d9do60b3gd0  bLLm-sb ¢339 ®sdmgbodg  LosmTo  ofg93b Y Ogegdols
A®oblgm®mdsizools oboiosiosl.

bgabo  g3eggol  Amboigdgdom  Sbggy  @oLH YOS 3935HOE0H IS0l
25033990 bsFomol A@sblbgmmdszos bllm-psb 12 s 24 Lm-ol dgdogy.
gl gx@gegdbo  oggeol  30H™MIIOSRA0b-bgaoBoyg®  3Omygoaml s ogegbls
3mboBoyg® 9Ju3agLosl 35b6-GodmigMsdobymo dom39Mols Jods@m.

ombodbyer  Jobob@gdoll sl y®gol  0dybmdem@Bobaoll  dggagdoE.
bLbm-sb 24 Lo-ol  dgdpgy  aodmgmobes  Loghom  30Hm3gGsG0bgdols
M5m©9bmdol Lopadbmdo dodgds (37%-dwy). Loghmm Godm3gms@obgdols sligmo
doBgds o® dgodangds 50blibsl dbmeme “yddgwg®o Ggsjgoom”. ggolamdm,
sbans  Lobmgbo®gdbyamo  30dmgg@s@dobgdols  dodoms  [yodml  gbos
Vomdmopaygbogls 3935 ™m30d gdo. 0bpogo@y®o 0A™M3gOoB0bgdols
039bm@go]ogemdols  aoobogobgded  @bopym, @m3 dom  dm@ol  yggmoby
360dgbgemmgbo asobsmes CK7 (56 KDa) ws CK19 (40 KDa) ®omegbmds. CK7
3bmdogmos  GEam®E @godmols @gdmgsbo  YxghHgegdol dodgzg®o ©s dobo
aJus@glos 3520bEgoo SIRFIRISIE Mo AXOIRIdTo,  Sbygy
Joreosbaomzodgddo. dop @54 mgodgools bbgowobbgo 35MME@MA09®0
doamds@gmdgdol @AMl ol sbggg dgodemgds aodmgeobegl 3g3s@mEodgddos
(Libbrecht, 2000).

hggbl  9Jb3gm0dgbldo CK7  3b0dgbganmgobo  Gompgbmd@mogo  do@gods
©o3o3dodgdyeo  gbos  oyml  LYmogo 3g3s@m@Eodgdmsb. hHggbl  dobognsby
oEsLEAYMgdgmos 3g3s@mEodgdol dogd CK do@izgdol gbddglos, sdobmobsagy
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oM 500b0dbgds OV-6-3mbo@oyg@do (mgomyg@do 9xdgegdol) @ogbgol do@gdo,
o3 godmdoibogl hggbl dogd dgogagdol dggremdom 0b@g@d3®gdoEosh.

0B gOsB YO  Jgodhmms  dodmboangolol  hggb gogo®dbhogm  d@sgsaoo
dmboigdo 39358 m30dgd0l  wuddumg®o  FEsblrogg®gbiosigool  dglobgd.
hggbo dmbsz9d960 30 dJomomgdls, “m3 sbgmogy ©09]Bge 0o
B®obboggagbiosigos  dgodangds  ofygomegl  BLlLm-ol s®gye  gogdbgg9.
530l ods@goomo  s@adgbBo (mydiEs oModo) dgodagds ogml oboi, GmI
hg9blL gJl3gm0dgb@godo bLlLm-sb 24 Lm-ol dgdpgy Log@dbmdens® dJmods@es
CK19-0l ®smpgbmdsdsi. bm@dsdo dobo wogdomo  gJldmglos smobodbgds
dbmgme dogoyd g3omgaogdls s mgomy®d X Ogegddo. sdsbmsbogg, dobo
9JL3dglbos bobggbgdos Lbgoolbgs 9Jl3g®0dgb@ e IJmegmgddo ©s @godeols
3ommema0gdoll @AMLsE, dom dm@ol (s @53 hggbmgol asblsgym@gdom
Lbogyg@oegdms), 3935@™M3E0Hgdol G®sblpogg@gbiosiool 3GMmEgldog.

o3 gbo, hggbo gJL3gM0dgbGol Iggagdo oEsLFYMglL Jodmmgbsl, @mI
blbm byl 9fgmdl  3g35hmEo@Hgool  @addama®  H@sbbroggdabzoszost
0@ oy®o g30mgeomzodgdols dods@mn g gdbom. s@bodbyeo dgobobdom blibosb
mgodgols  35M96Jod0l  Lbgoolbgs 3Jommmmaooll @Ml aobgoms®gdyeo
5®030900 9By gdho Ggojaools 3smmygbgdbls.

>dobmobagy, 3935@m30Hgool A®obbpoggmgbiosiool 0603053051
bogmoli Fgagdgool oby oe@ggm  §orgdby, Gmyma gl hgh  gobgabgo,
0B JOSBAYOSTo sbogmpo o6 Jmgdgdbgds.
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INTRODUCTION

Ductular reaction (DR) is well-known phenomenon in many acute and chronic human
liver diseases as well as in different experimental conditions in rodents (Desmet, 1992, Desmet,
2011, Liu, et al., 1998, Roskams, et al., 2003). Histologically DR is expressed by increase
amount of ductular profiles associated with predominant infiltration of neutrophils and
mononuclear cells and growing fibrosis (Dutra, et al., 2008).

Ligation-induced extrahepatic bile duct obstruction represents well-established in vivo
model used for the study of cholangiocyte proliferation and liver fibrosis. The proliferative
response of cholangiocytes during cholestasis is regulated by the complex interaction of several
factors, including gastrointestinal and neuroendocrine hormones as well as autocrine or paracrine
signalling mechanisms (Alpini, et al., 2002, Glaser, et al., 2009, Glaser, et al., 2010, Mancinelli,
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et al., 2009). Activation of biliary proliferation is thought to play a key role in the initiation and
progression of liver fibrosis (Glaser, et al., 2009). Three main types of DR have been described:
“typical”, “atypical” and “oval cell proliferation”(Desmet, et al., 1995, Priester, et al., 2010). It is
well-established that the typical DR develops during acute severe biliary obstruction in humans
and in common bile duct ligated (BDL) rats. The new ductules are well formed, have clearly
defined lumina and are confined to portal tracts (Nakano, et al., 1995). It is considered that
newly developed ductules are originating from the preexisted biliary ductules and reveal their
structural and functional characteristics (Slott, et al., 1990). The amount of newly developed bile
ductules, which are similar to normal bile ducts, is increasing in time-depended manner after
BDL (Dirlik, et al., 2009).

According to several studies the appearance of new ductules is evident on the second or
third days after BDL and is associated with increase mitotic activities of biliary epithelia (Burt
and MacSween, 1993, Demetris, et al., 1999, Lee, et al., 1981, Marucci, et al., 1993, Shibayama,
1990). It has been demonstrated that proliferated biliary epithelial cells can give origin to
ductules (“newductules”) even in vitro. Moreover, new ductiles form abundant networks, similar
to those in vivo (Hashimoto, et al., 2008). Initially, ductular proliferation appears in the
periportal areas and then gradually advances intralobulary.. At 4 weeks after the ligation
distorted configuration of the hepatic parenchyma with interconnecting stroma rich of irregular
ductules is developed (Nakano, et al., 1995). It is considered that DR is more evident at one
week after biliary obstruction (Glaser, et al., 2010, Priester, et al., 2010). However, we have
previously demonstrated that increased amount of ductular profiles in the liver of BDL rats is
evident already at several hours after biliary obstruction (Aslamazishvili, et al., 2007). The origin
of “new” bile duct profiles and mechanisms, which can be involved in such early DR, is
currently unknown, and needs to be elucidated. It is conceivable that early DR after BDL is not
related to mitotic activity of existing biliary epithelia and bile ductules proliferation. The new
ductular profiles possibly but not necessarily might be of ductular origin: they may originate
from progenitor cells (local and/or circulating cells, most likely bone marrow-derived) or from
the biliary metaplasia of hepatocytes (Desmet, 2011, Kubota, et al., 2008).

The aim of this study was to characterize early (within 24 hours) ductular reaction
observed in the rats in response to biliary obstruction (Aslamazishvili, et al., 2007,

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

Animals and Experimantal Protocol

Inbred male Lewis rats were obtained from Charles River Deutschland (Sulzfeld,
Germany). All animal studies were performed at the Alexandre Natishvili Institute of
Morphology. Experimental protocols and use of animals were approved by the Institutional
Animal Care Committee. Male Lewis rats (n=36) weighting 250-300 g were subjected to
common bile duct ligation (n=24) or sham operation (controls, n= 12) under ethyl-ether narcosis.
A midline laparotomy was performed, and the common bile duct was ligated twice with a 3-0
silk suture and then cut between the ligatures. Sham-operated animals went through an identical
laparotomy and liver manipulation without bile duct ligation. The animals were killed on 3, 6, 12
and 24 hours after BDL (6 animals in each group); part of the dissected liver samples (median
lobe) were frozen at -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 pum/) 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-HCI (pH 7.4), 0.32 M sucrose, 1 mM
ethylendiamintetraacetic acid, 0.5 mM ethylene glycol-bis(2-aminoethylether)-N,N,N',N'-
tetraacetic acid containing cocktail of protease inhibitors and centrifuged at 1000 g for 10 min.
The supernatant (nuclear-free homogenate) was used in subsequent analysis.

A concentrated solution of sodium dodecyl sulphate (SDS) was added to the homogenate
fraction to give a final concentration of 5%. In all fractions, protein concentration was
determined in quadruplicate using a micro bicinchoninic acid protein assay kit (Pierce). Aliquots
containing 30 ug 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 ug of total protein in the
standard (see e.g. Solomonia et al., 2008). The data expressed in this way will be referred to as
"relative amount™ of total cytokeratins or single cytokeratin (see results). The filters were
stripped and equal protein loading was verified by total actin staining (antibodies from Santa

Crus Biotechnology Inc.) of the membrane.
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Statistical Analysis

Liver from single rat formed a single sample. Sample size was estimated on a previous
experiments with BDL (Aslamazishvili, et al., 2007). Data for the average number of ductular
profiles and total amount of cytokeratins from Western immunoblotting experiments were
analyzed by the one-way analysis of variances (one-way ANOVA). In ANOVA for the average
number of ductular profiles the factor was time and for the data of immunoblotting experiments
factor was group of animals (operated, sham-operated). Planned comparisons between the
average number of ductular profiles and total amount of cytokeratins and individual members
were made using t-tests. Statistical tests for the average number of ductular profiles and total
amount of cytokeratins were two tailed.

As the number of cytokeratin immunostained cells and the amount of total cytokeratins
were significantly increased after experimental treatment (see Results) for the comparison of
individual members of cytokeratins one-tailed t-test was used.

RESULTS

Histology and immunohistochemistry

Changes in number of bile ductules. BDL was accompanied with significant effect of
time factor on the amount of ductular profiles: for bile ductules in the large portal tracts -
F3,23=182.94, P=0.00001; for bile ductules in the small portal tracts - F3,23=5.60, P=0.006; for
the intralobululular ductular profiles - F3,23=48.78, P=0.0001. In sham operated animals
statistical analysis revealed no significant effect of the time factor for number of ductular profiles
localized in any studied areas (per large and small portal tracts, intralobulary).

Biliary Epitheliocytes and “Reactive ductules’ cells” were strongly positive for CK and
OV-6 at all time points, but immunohistochemical profile of hepatocites was gradually changing
with time. Particularly, hepatocytes were CK-negative both in sham-operated and in BDL rats
up to 6 h. However, some cells started to express CK at 12-24 hours after BDL. No OV-6-
positive hepatocytes were found at any examined time point. Ki-67e immunostaining did not
reveal any proliferating hepatocytes.

The number of ductulat profiles in each studied areas were significantly increased as
early as 3 h after BDL as compared to sham-operated control levels. The increase of number of

ductular profiles was observed and reached the maximal level 24 h after BDL. At the same time,
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the number of ductular profiles localized in the large portal tracts as well as the number of
intralobular ductules were increased more rapidly during the first 3 h in comparison with further
terms of BDL; More linear increase of the number of bile ductules’ in the small portal tracts was
observed during each time point.

Ductular profiles appeared around the portal tracts of all sizes: from large to the finest. At
the large and medium portal tracts the significant number of ductular profiles was observed
opposite to biliary ducts - along the perimeter of portal vein branches. Ductular reaction also was
observed intralobullarly, in the areas of the limiting plates and central veins, several hundreds
microns away from the portal tract (biliary ducts). These “neoductules” were located in the
spaces of Disse; The sinusoids adjacent to the newly developed ductules were wider then other
sinusoids observed in the same area.

Cells composing the neoductules were small and uniform with light, oval, sometimes
spindle-shaped nuclei and scant cytoplasm. Sometimes they were forming the plasts with double-
layered syncytial cells. These type of cells were Ki67-negative, but equally immunopositive for
Pan-Cytokeratine and OV6.

Hepatocytes were immunonegative for all above-mentioned antibodies (Ki67, pan-
Cytokeratin and OV-6) at 3 and 6 h after BDL, the significant number of Pan-Cytokeratine
immunopositive hepatocytes were observed at 12 and 24 h after BDL.

Electrophoresis and immunoblotting

The mixture of monoclonal antibodies against acidic and basic subfamilies of
cytokeratins have bound in samples of the both, control and 24 h BDL groups of rats to a protein
bands of the following molecular weights: 66-68 doublet, 65, 64, 56, 50, 44 and 40 KDa
doublet. Additional bands with molecular weight of 61 KDa were observed mainly in liver
samples of bile congested animals. The molecular weights of the stained bands are in agreement
with described properties of cytokeratins.  The optical densities of the total amounts of

cytokeratins were linearly related to the amounts of loaded proteins.

Total amount of cytokeratins

The total amount of cytokeratins was significantly affected by experimental conditions
(F1,9=6.05, P=0.039). The mean relative amount of total cytokeratins was significantly (by 37%)
higher as compared to control group (t=2.46, P=0.044).

Individual cytokeratins
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Comparisons between experimental groups were carried out also for each individual
cytokeratins resolved by SDS electrophoresis conditions. As the total amount of cytokeratins
and the number of cytokeratin-positive liver cells were increased, respectively for statistical
analysis we used one-tailed t-test. From the eight individual bands significant increase was
observed for the cytokeratins of the following molecular weights: 61 KDa (t=2.15, p=0.042); 56
KDa (t=2.20, p=0.038) and 40 KDa (t=1.99, p=0.047). For all other individual bands the
numerical value of mean amount of proteins was higher in samples of bile abducted group of rats

indicating the general trend of total cytokeratin increase.

DISCUSSION

Our results convincingly demonstrate that DR is induced in few hours after BDL. Taking
into account very short time period for DR we assume that this phenomenon cannot be
associated with proliferation of existed bile ducts/ductules and their epithelial cells. We suggest
that increased number of ductular profiles are originating from the widening of the finest biliary
ramifications: biliary ductules and periportal biliary plexus. Based on obtained
immunohistochemical data, we can also suggest, that BDL leads to initiation of biliary-type
transformation of hepatocytes.

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

BDL and is steadily increasing up to day 14 (Georgiev, et al., 2008). Generally it is considered
that increase of ductular profiles can be related to a) proliferation of existing bile ducts; the
proliferating bile duct-like structures are the product of the extant biliary tree and retain its
characteristics (Slott, et al., 1990); (b) proliferation of other cells (including stem cells)
(Greenbaum and Wells, 2011) c) transdifferentiation of hepatocytes into ductular type
(Nishikawa, et al., 2005). All these pathways are described for different types of ductular
reaction (“typical” and “atypical”) associated with different pathological conditions of liver,
including experimental BDL. The absolute majority of investigations of BDL in rodent liver
describe DR from the second or third days, but more strictly from day 7 after biliary obstruction
(Georgiev, et al., 2008, Roskams and Desmet, 1998). It is concerned, that proliferation of existed
bile ducts is resulted from increased mitoses of biliary epitheliocytes (Burt and MacSween, 1993,
Demetris, et al., 1999, Lee, et al., 1981, Marucci, et al., 1993, Shibayama, 1990, Sirica, et al.,
1997). Our previous investigations also confirm that activation of mitoses in biliary epithelial
cells and hepatocytes takes place correspondingly on the 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-lwanaga
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 (lIrie, 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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