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Summary
The Study of signaling pathways of hepatocutes polyploidization in

model of cholestatic liver

Introduction. As it is known hypertrophy, cell proliferation and one of its form- polyploidization are
important in the restoration of structure and function of the liver. Precondition for the last two
processes is to enter to the mitotic cycle. Nowadays there are four main pathways that provide cells
to enter to the cell cycle: ERK 1/2; JNK1 / 2/3; P38 and ERKS5. Nevertheless, it is not clear yet, the
processes are initiated by the same signaling pathways, or there are differences among pathway
activation factors. The study of this issue is relevant because there is not yet known at which stage of
cell cycle the cell gets the signal for blocking the cytokinesis and / or karocynesis (incomplete
mitosis), resulting in the formation of polyploid cells.

The interest in this issue also led from the results of the study of cholestatic liver model. In
particular, it was shown that: 1. the amount of high-ploidy cells is significantly increased in the liver
parenchyma of adult rats during 4 days from the common bile duct ligation; 2. High-mitotic activity
of hepatocytes on the 4th day of operation, serves to form polyploid cells.

By considering all of this above, we decided the determination of the molecular mechanism of
initiation of polyplopidation in cholestatic liver by selective blocking of the above mentioned 4
signaling paths. Due to the fact that the leading role in proliferation is going to hepatocytes growth
factor (HGF), and the concentration of HGF is increased on the second day after the common bile
duct ligation, it was interesting to determine the role of HGF in the process of polyploidation in the
cholesterol liver model. MEK 1 and MEK 2 are the key molecules of the signal pathway of
ERK1/2.Determination of their role in polyploidization is important, because they can be activated
by avoiding HGF receptor - C-Met. Beside to ERK1 / 2, it was interesting to study a JNK signaling
pathway in polyplodization. Proteins of JNK family are activated by the lack of cytokines, ultraviolet
radiation, growth factors and by the activity of some G protein (G12 / 13) associated receptors
resulting the enter of cells in the cell cycle.

The aim of the research was to study the role of ERK 1/2 and JNK signaling pathways in the process
of hepatocytes polyplodization in the cholestatic liver model.

Materials and methods. Experiments were carried out on adult white rats (130-150g). Model of
cholestatic liver with common bile duct ligation was used. Animals of the First task were divided into
three group: I-control intact animals, IT —cholestatic animals (4th day), III-cholestatic animals with
C-Met inhibitor (PHA 665752) inhibitor injection (1mg/kg) once a day during 4 days after surgery.
Animals of the Second task were divided into three group: I-control intact animals, IT —cholestatic
animals (4th day), III-cholestatic animals with MEK 1/2 (PD98059) inhibitor injection (10mg/kg).
Animals of the third task were divided into three group: I-control intact animals, II —cholestatic
animals (4th day), [II-cholestatic animals with JNK (SP 600125) inhibitor injection (1mg/kg). Nuclear
DNA content was detected by using of computer software Image] 1.36 b. Determination of colchicine
mitotic index was used for assessment of proliferative activity. Student’s t test was used for
comparison among the different groups. P<0.05 was considered statistically significant.
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Results. It was established that after the using of C-Met inhibitor mitotic activity of hepatpcytes is
increased in the first test group in compare to control in the 4 day after the common bile duct
ligation. At the same time the quantity of diploid (2c) and binucleic (2cx2) cells is decreased and
polyploid cells (4c, 4cx2, 8c) is increased. The same picture was seen in the second test group,
however mitotic activity has decreased statistically significantly.

The hepatocytes mitotic activity significantly increases on the 2nd day from common bile duct
ligation in the first test group after inhibition of MEK 1/2. In addition, the number of diploid (2c) and
binucleic (2c x 2) hepatocytes decreases and the polyploid (4c, 4c x 2, 8c) cells is increased. In the
second test group of animals, the number of tetrapoloid cells (4c) has tendency to decreased, while
octoploid (8c) and binuclear octoploid (4c x 2) cells are not present, which is evidence for
suppression of polyploization. With regard to proliferative activity, there is no difference between
the animals from first and second test group.

After the using of JNK inhibitor mitotic activity of hepatpcytes is increased in the first test group in
compare to control in the 2nd day after the common bile duct ligation. At the same time the quantity
of diploid (2c) and binucleic (2cx2) cells is decreased and polyploid cells (4c, 4cx2, 8c) is increased.
Increased number of polyploidy cells was seen also in liver of animals of the second test group, where
no difference in mitotic activity between the first and second test groups was detected.

Conclusions. 1. Inhibition only of cell proliferation by the blocking of HGF and JNK cascade
pathways in non-linear rats indicates that proliferation and polyploidization in the cholestatic liver is
managed by different signaling pathways. 2. Inhibition of the formation of high-ploidy (octaploid)
cells by blocking of MEK 1/2 proteins indicates that ERK 1/2 signaling pathway is one of the
nessesary conditions for polyploidization of hepatocytes.



dglsgoemo

©30d0 LEBEHIMILMS Ms30L0 MYRIBIOSEOO MbsGOMS S 3nI3gJuIM0 BMbI30gd0m
(Fausto et. al. 2006). 030 505305630 90-9MH0 MERBMS, HMIgebsg dg2deros Bs®ggzol otgdy
dobobml 93500 Jumz0wgdol  M9YAgbgMsE0s. 03000l doerosbo  dsbol  25%
1530560B05 0doLOM30L, MMI IMbEIl MEYHBML OO sSwEygbs (Hiussinger, Dieter, et. al.
2011). ©30dol H9a9bgMs30sl oMM 39353HME0GJ00 MYOOb3gwymagh, MMIwgdos
Lomobom Logbagols dowgdol 8908wge 8906 Mx Mg 3030030 (GO BSBOWD QosE0sb G1
R5H580), 09939, 90LsB0TBsZ305, MM 53 3MMmiEgldo sbgzg Bmbsfowgmdb  9bmmgw Mo
OXOIQYO0  ©>  B03MAIBGHNO0  @IOOYXOIQIP0 - @30l MFPWYHO  IXOIQIDO,
OMIIOLs3  9J3m b0 ORYMHIBE0MHOI6 OmymOE  3935G™ME303JOS©, olg bowgzwol
LoEObIMOL  MYXMJWOIOS®© -  JMEsbRO0ME0GPISE.  LoYMMOMIdMS, MM ddmdfmzmgddo
03000l M93969M5300LsL, FsLoby S BY6J300LoYsL 2obLb3sz9d0m, 56 bgds 30M35bgwo
BmOIol s 9bo.

03000l ©93969M5300L 1153309350 JOMOMOPIE 0Ygbgdgh ™mE: M7bg30MYdME o
Jodowms 06ME0MHgdMwo sH0sbgdol ddmby ©30dw0ol BmEgl. Logw®oMgdms, M™a
90199005350 353500 LELOYDIWM FBYdOL Ayogligdols, 50bodbe MG dmgedo MYRgbgGE0s
35063 296Lb39390wo d9dsboBdgdoms s 3069303000 F0EOBsMYMIL (Mehendale et. al. 2010).

©30dol 3(3539 sHB0sbgdoL b6 JoMmMaomwo MHgHgdsool F9dwgy 3935BH™E0GJd0
0fY909b 59GH0ME o8EZGISL, MM 50PO0bMB ©30dwol Lofigolo Bsby. oEIBowos, ™I
3935¢™3039d0L 30RO HFOIX0 59BHoOIM0dS 30M©3306036MHM3MO G0
5330090905305  M9Hgd30MEo  Jum30wol  FMEMEIMBSLMSD. s193g (36MdOEI0s, BT
0309l dsboby O BY6J300L 56 BofodEmol Fo@dmddbols yocmgdg dgwdwros (Kapacon b.
M. et. al. 1986), 50bodbmer 3OMEgLldo, 3OHMEOBIOS300L  AsM©s  360d3bgermgsbos
303 M0E0Ds305 5 3039OGHMMA05. TJuHogwoeos, GMI 0300l MYyqbgcmszooLsls dsliols
503965 bogds 3935@™E0GgdoL: 50% - 3OHMW0BIMs3000, 30% -3ME03WMOEOBIBE0000 ©O
20% - 30396GHOHMBO0m.

03olsm3z0l MHMI MXMIO 25094ml 96 gobgl 3MmE03WMoEIMO, 00 5dolsM30L »bws
39300096 (303¢080. OIOLIMZOL  0IBGHOROEFOMYIOME0S MPBO BMSZ56M0  Lobobswrm by,
O0Igeoi 90boE0Mgdl XMool 303¢0do dgligersl, gugbos: ERK1/2; JNK1/2/3; p38 s ERKS5
(ob. byé. 1).



phosphatidyinositol

» signaling system
Heterotrimeric L O NIK
G-protein > py CAMP O K > NFkB
" P3 DAG Y v
Lm>§:.\]l'!l.:x‘.:inuy: CACN » 0 « PKA Ty v
pathway Ca* > STMN]  Proliferation,
GF v h 4 h 4 > CPLAZ inflammation
NG . ChrasGEF _  Rep - anti-apoptosss
BONF » @IKAB RasGRF \ 4 RafB
NT4 RasGRP PKC v MK | dores
e J RSK2
EGF » (EGFR «F 4 > A
FGF > @FGFR GRB2  SOS »  Ras Raft > G &
& » SRF
PDGF » @OGFR Mos 4 Sapta
612 » Gapim 120GAP i PTP MKP cMyc A O »acish 3O » Proifeaton
» PPPIC DNA DNA = differentiation
GST?
JNK and p3SMAP FINA ~ JIP3  Hsp72 4
kinase pathway Focal adhesion GLK Tpl2/Cot ARRB Criil Evit NFAT-2
A NFAT-4
HK 1 X MEKKT s e SJUN
> JunD > A
HPK1 > MLK3 >‘ MIKT N DNA
Alzheime: b
A - 2R I Alzheimer's
- > Cdca2Rac— P> PAK12 » MEKK2/3 » disease Proierator
LZK ATF-2 diferenbabon
PP2CA MKP. %] inf to
o MST12 MUK <
» CASE MINK i % Al ps3 osis
TNF » CINFR . MLTK
L »d@ LR »> TRAF2 > GCK A
ASK2 Sapla
MKK3 50
S5 > » « Daxx skt > 0 p RO » 0
TGFB » <TGFBR MKKS MAX DNA
le »&cod e » A MEF2C
PS PRAK N
»  HSP27 o
TRARGD “IABZ PP2CB MAPKAPK 5 5 Prosferation
; PP < > o
ECSIT S A DNA afterentation
DNA damage - § » GADD4S » MEKK4 CREB
Cdc258
ERKS pathway TAO12 » < NLK > Wt signaling
pathway
Serum EGF
reactive oxygen species (% @ > QS > Qi
MAPKKKK MAPKKK MAPKK MAPK Tanscription

factor

LbBsmo 1. My dHgool 303edo dgligerols BoMgaweo®gdgero 351350900

OMWMEOHM0bEYwds 33c9358 583965, G ©30dol Mga9bgMsEooLLl 3039MEMmM0s ob
md®30L 3OMEoxggMozosl (Miyaoka Y. et. al. 2012). 25605 530bs, 3bmdoo 4obs, MmA 95659y
5OLBIOMO  O3WMOEYYOO S GIGHBBXMOEMO0 bM)W gsm o 3935GHM™E0GHI00
3MBEGHBOIOGHM0 MYROIOMO (03WOom, 1535MMEME 9JBEMMYOM3W03530000 BB
5019396 B9EHM3M0EMO0 S MJEo3EMm0EM0 d0M™M30L IJmby MXMIIOL. slig3g, Bbsbos,
H0d  OHI0O™MZ0060  39353™303900 04mxkosh FoMmEGH030 ©IYgmBom s [omdmddbosh mM
0mbmbm3wgomE  Bso3MmoIM 9309w 393533030, LdgMMO®MYdMs,  M™I
03000l (996965300l dgmMy @9l Jumzgowdo 3bgEgdom 16n JHMAMbmAgdOlL F9d;339ew
3935¢™30390L, beam M9969Ms300L 3MMEILOL LMoL s©0bodbMwo 39353ME0GHJO0
505605 [omdmagbowo 03030l 3569bJ0dsdo.  93BMEMGOOL  sDBMHOm  FoPIWLILMOEIMHO
3935¢™303900L 999306905 ©53538069dY05 533BHMBMLH (S. H. Sigal et. al. 1999).

©y)600s, GMI 03000l goblibgs3gdEo  350MEIMA0gdol  EMML 033w gds
Lb350slb3s 3EMoEM™dOL MY MO0l 3MM3IBGMO gosbsfogds Jumgzgowdo. Fsgowoms©
50396005, MM JMgliGsBO 3030 M39M53006 Fgmmby WL Fo@IemdL 4c s 8

JO@bmdgdol 983390 MYRMIIIOL  Mom©IbMds, BMW® EO3MWMOEYIOHO YR MHIJOOL
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(om@gbmds 30 d30MEYds. 99539 ©OML, ©30dwol  GBgJ300L  F9M9dg  FMToGHYOIE0S
90@MBMMH0 06gduo (05379M5dg 9. 2006).

d0bgogo 0dobsy, MHMI 300¢do sOAIboMO BOPOL O™ dodEobsty bgdmo
50bodbmwo 3 36Hm3gbo 0bGHgbloMMo 331930l Bodsbos, MYy MEbMdos 53 3OME3gLYdOL
503936090 3063609 EHwo Bobioabocrm aBHgdo.

3bMmdow0s, MM ©30dol  MH9AgbgMsE0s  Bb3solbgs  Bod@mEgdol  9dudcmglools
39309MHgd00  0fjgqds, o  TMmOOLYs  (303H™3006900, DBOHEOL  BogBH™M9d0, LEHMILYwo
d03H™969%80 5 LEGHMILMWO HBOOL BodEMMYdO. LogIMIOIIMS, B 50bodbrw 3MMm39ldT0
96O0-900 §oMIIOMNZ9w BodBHMOL 39353M30300L YOOl BoJBmemo (HGF) Fo®dmowaqbl,
00 ©30dolL YYRMIIIOL 3OMEOBIMHS300LS S ORIMYI5E05300L LEH0dWwsgosl C-MET
69393GMOBY 8mddggdol dggas ERK1/2 (RAS RAF MEK) ULobogboerm 351350008 gboom
MAPK-U 2554301609000 35653060H:md700.

HGF

a-chain B-chain

GRB2 ﬁ \

Cell membrane

Cell Cell
v proliferation proliferation

—————————1 | Cell proliferation and and and
| Cell growth | ’ M d?fferemiation transformation transformation

bry@omo 2. HGF-om sg@0g0Mgdweo Lologbsenm 3513500

5396005,  MHMI  JMEgbBsHMEO  ©300do  bozEol  Logmomm  Loobs®ols
006900056 dgmMg Mgl 3603369wm3bs 0BMYds HGF-0b 3063963 Mo30s.

03000l MJXEMIOIOOL 3030 OHI3ooL  3Mmigldo  dmbsfowg  Fgloderm
R399 BHMM9d0L godm33w930L doBbom »30MH39wgl YM3wols BsFoMms oligmo BMEOL Bogd@EmMob
0ol Y905, OMAMM0ES 3935@ME0GIOOL BOOL BoJGHMOo.
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C-MET 69393@¢™M0L  355d@o6gdsl, GmymOi Hgdmo 0dbs  s0bodbmwo, dmbgal
MXOI0L 303wdo dgbgs, Mog doowgzs RAS-RAF-MEK ULologbowm 3sb35000L Boongom,
0935 gb Moo  bsbogbserm  Jugero  Ggodergds  bbgs  BodBHmOomss  399dGH0wmgL.
BOIM®M30E0 B5JBHMOHGO0B goblogmm®mgdmmo d60dzbgermds 9boFgds MEK 1/2 30agdl,
GIgdoig MAP 3065%sL gBol gbm-gmmo 860d3bgemgsbo Loggbm®os.

MAPK-U 2509559430960 909, 300093 9607 3desgzmb Laliogbocnm 3sL350L Fo@dmoyqgbl c-Jun
N-396H30bs¢cmo 30655L (JNK) abs, HmIgaroi «9d9@gbo M9og0090L bRMgbme bEodme by
(G. F. Robinson et. al. 2001), obgmgdbg OHmam©9d03ss (303H™306900, MwE®s00LEgMo
399mUb03ggds, LOMIMOHO Fm30 S MBIMLLIOHO TM30. 0O SHMO309EOL c-Jun Bogd@MMol JodIobs
©5  BnbBMOOWomgdsl  BgM0b-63-0bs s byMob-73-0l  BHEOBLIMOREFOMWSE 9GO
©™3d9bgdby.

4390039 HBg0mm0Jd0sd 499mdobstg, 33w930L doBsbo oym Jmergl@sHeo
03000l dmEgby 39353H™303H00L 30300 Bsgool 3OmEgldo HGF-obs s JNK-UL

39L3900M0 DBl BHMEEOL oEYIBs.
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0530 1. @0o@gMoEwMHol odmbogrgs

1.1 3m¢03em0E0s S 30M03eMm0EoBs3E0oL dmeg3emmMo

Lsxydzegdo
3003 MOEO0S 5MHOL  JOmImbmdmo Bs3Mgdol XgMHeo® FsHBOOEO MomEibmdols

9aMdoMgMds, 030 FBIMMNMO  A93M(39MIOM0  BODOMEIMAOO0  B96MmIgbos, MMl
3b309d0m: 939656099030, Lemzmgddo, AgMgddo, 1Mg3%gddo, 9530009030 s dmdmdfmacgddo (S.
P. Otto et. al. 2007). 50bsb03BS305, OHMI 3MEIO3WMOPNIMHO  MXOIOIIO  OOSLMOPLIOO
IR MJOJOOLOYD  [oMmTm0oddbgds.  3MWO3MOEOos  ITIbIBSMYdGE0s  BMmB0bIMMS©
©O0xYIMN9I630M90MWwo MR OIOIIOLIMZOL,  FoQo0MOE:  FgPe3oMomEo@Ggdo  (16n-128n),
3960m3dom303g00  (4n), GHOHMBMIWLEOL FoRBEGHNMMO MRMgwIdo (8n-64n), 39MH30609L
6goOH™bgdo, M9@obmasbywomizo@gdo (S. M. Morillo et. al. 2010) s 3935@m3odgdo (4n—8n)
03000l 3509bJ0ds80. QoM 5doby,  LEMILOLS @S BB YdOL  EMML  bsB39b9d0s
3003 M0EYMH0 XMHIIOOL F5@gds. 1LEAZ0WMLBML yarmzo 3MbmMIdo MOLMEWMdOL O™,
3ol 3Mbno s LolbEds®m39d0lL  germzo  IMLIMEsGGS 3039ME96BooL ML o
00MMOEMO  MXMJI00 303900000900 BIoLLL  JoEGm930wbo  9M0B  JEwmoEMmdOl
953900L39D. JOMIMLMIGOOL SMBLEHIBOEIMOMIOM 3MEO3LMOEVIOHO YR MJOIIOL Fo®dm]dbos
51939 53bsl0sMYdG0s 39639MMAgbgboLsmz0L (T. Davoliand et. al. 2011).

d9993(m36M93d0 3500MBOBOMMWMP0M0 3MM3E]LYd0m [o®dmgdbowo dmEwodwmomo
X O9JO0L BMOT0MGdOL B3B3 F9J560DBTGd0 SOLYIMDL. 3MEO3EMOEIMHO YR MHJOIOOL
Bo3mygo0dqds 890d¢gds  8mbEal  3MME039Ms300L 25693, 35MEMPOMEHO 3060
06899300L  9909p@, 9B YXOI-IXOIVYLO  YOMOIONIIIEYO0®, 5Ly  FoMIMEIDS
3539W0m© MBGHIMIBEJO0 ©s BmbBboL 3Mbmols »xggdo. 58 3MMmEglol OH™L bgds
WRMIOJOOL  dOO™M3gOoL  9b/s  T9ddMbgdol  FgMfigds, 89RO  BMOTOMEYdS
3mb™b 309500 96 300693 gstrmero MxGgwo. (P. Gao et. al. 2011)

Lbgs 99d560H3gd0 53538060909 0s YR MYOIIOL 3OIMEO0BIMSF0IE? FEYMTIMYMOILMb:

1. 96 MMH 93035305 - 58 3OMEgLOL OML VX MGIO0 S 96 G BsBsdo sByxMNO96
3032l © 39JYIP BOToOEIDS HMSLMOIMO LIXOIQIBO-

2. 96MmIoGHMmbBo - MXM9I00 50F9396 F9BORsbsdY 96 b8BTy, Boa®rod
3900m30b69P0 s 303H™3069B0 o6 bgds. sLgmo, Y39meBy M3900 gbfogerowro Fodde0m0s
3003moEOHo  dgaazomomizo@gdo (K. Ravid et. al. 2002). gb 99x69©09d0 gON390056
d0@™Bdo, Jopaod 500 3000 630 gMEH0Yd0 56 FMMEI00sb 9HTsbgml s doogds

LBIOMWO  3MEO3WMOENOO  BOMOM30.  FJRO3IM0MEOGHJOOL 303 EXMOEODBOGFOOL
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35692069090 d9JoboBdgdo godm3zwgneos dg3bogMms 36350 XMzl dogm, olbobo
4o965000q0sl 5355309096 doGHMBoLs s 30EGMI0bgBOL Mgawomgdsby.  gbmIoGmBob
3063OMmwo  bmdzogwgds Cdkl/Cyclin B-li  3083wgdumeo  Ggamesgoom.  Bbgsslibgs
393935003 ILEHOO YYRMIOIO0L bobgdol 33¢09353 583965 MMA §BEMIOEHMBL s0bEMEOMIdL
Cyclin B/Cdkl do@mbol 30650l 0bsg@ozs30s @o 3060Jom, 30MH39o@ 3ME03MOEYIM
393935M0m303 9000 cyclin B-b ombg dmds@gdmwos (A. Eliades et. al. 2010). 4o60q5 sdobs, bbgo
33w93900s 9Bg9bs M3 G1 ggobol boby®derogmdols 3eqds ©s393d06M9dEos cyclin E-U
3990960909 gdudMgLoslmsh. dmwm 33wg390000 ILGHMMEYds MHMA cyclin E sdeogmgdl
3696M93e03530M0  3mI3wgdbol (Cdc6 s MCM2) 3m33m3bgbEgdol gdudMglost. (H. G.
Nguyenand K. Ravid et. al. 2010)

3. ©IMLOME9dgEo  303™3069%0 - gl 3OMELO 39MRs© BIBL  JsmMmEIMA0MMHO
©5YmBol  EOML  OGMIwol Fggas  FoMMm0ddbgdosh mMd0MmM30560  FGHgBHH3wmoMHo
X O9J30. SLINO MROJOIOO 30MMPYd056 30EMI0bgDBOL To3MbEOMEGdgEo MM EHJobgdol

©obyMbJgo0m. MMI3s dMEMEOOMObEYMds 33w390ds LGOS MM 30G™3I0byBoL

39093900 b0MIomE0 296300509008 MOl bgds (Fogo0mO© 3030l s ol
37bmob Jumgowqddo). (U. S. Eggert, T. J. Mitchison et. al. 2006)

1.2 300300 39353m30¢gdd0

369b5GommHo  BOOL 3900Mm©T0, MY NOO  3ME03MOEODIF00m  V30dWOL
356964005 25603000l EMTsGH I (33¢0egd9dL. gl 3OMEgLO 3969MHOMGIL BHMO3LMOEIMO s
MJGHO3WMoEMOMH0  YRMIIBIL  JWsligdol BMOIoMYIL OMIJWDE 9J300 JMo b ™Mo
d0M™M30. 030000l MXMIOIBOL 3O MOEIOMDS M30MOAJLI®  Fobobowgds HMYME3
G9m30bsermEmo  oxgM9gb306M930L,  ©BYMYIOL,  WIMHO3MAGHIBGHIOMIOL  O39MY30BS O
399mxzoL Mbsmol 933900600 ©sg300m9d0L 0bEO3sGHMMO. BOHEILOEYdTdo 3935EHME0GHJO0L
3 03EM0E0BE0L 2oBLb35390MWO BoJGHMMGO0 MY gdgb, 500 FMoLss ©30dwol
5056905 @5 ¥30dOol FsLOL 3563, LEYMMOIPWYOMS, OMA bsfowmdMogzo 3g3s¢gdG™mdools
©OML  MYROHIEIO0L  3OMEORIMOE00L 33396 Fo@gdol 096 sbogl  3g3s¢M30GHgd0l
3M0EMIOL BOOS.

39353™303900L  3M03w ™00  dMdAHm3sMms  ¥30dWoLIMZ0L  sTobolinsmgdgwo
3639B05. 3MWO3XMOPMO YYXMINII0 2435300905 3963056M9d0L MMM 30I9BsEOME 0ly
30LABOBOIMO 9BHo39dbg (S. H. Sigal. et. al. 1999) d0O0bgargddo, 9ddMHoMbols 45630056930
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90mmbdgBg gl 3935FHMdELEBJOOL MIYEHILMBS 56056 d03MEIbGHWMYd0, o0 5d300 MbsMo
©0x9IM96300©096 3935@ME0GPds© b bsp3zmol LsEobs®ol MxEMggds. TgmbMAgdy
©EOoLsM30L 39353)MdslEHJOOL 1FgEJuMds 3:80GH0MOWO0s 3935EME0GJOOL Fo®dmddbolizgb.
OOl EBsMBID6 39MH0M©Io s 3MUGHBIGIMMGO BOEOL 30MH3go Mmmbo 33060l
396853 Mdsd0 39353 MdEsL3HJ00 039696 ORIMIBE0MYdMo 3935GHME0GJO0L 363090l o
b 39600MEO 3MOY5305805 3OMWOGBIMS30IWO 59dE03MmdOL 9339006 35MEBILML (S. Celton-
Morizur et. al. 2009). 330939005 3bsym, MMI EB5©IO0EIH 3oMH3zgwo Lsdo 33oMob

3960530 mdsd0 3000 J0MO0MOIE HoMIMI60O0s O3WMOEMHO MXMILIO0 brrm
dgmmby 3306006 Fom0 3OM3MOE0MO MoMmEYbmds d30MEYds s BBYO0H MGBdOMHMNZ0560

GIAH3WMOEMM0 5 Imbmb3wgsMo  BHYGMI3WMoEOHo 39353ME03gd0 (G. Margall-
Ducos et. al. 2007). 8m3{oxgdol sbs3do 030dwol 3MmoEIMHO X MIIOOL Mom@gbmdMH0z30
05659350 Md5 505G 0330, MJGHISWMOENYMHO (OHBIOMMNZ0560 2x4n S JOHMNBOOMZ0560 8n)
39353™303900 9608369cm3bs00 30930 Gd056 I35 YIO0D 2-sb 3 ™399y 3gMomdo (J.
E. Guidotti et. al. 2003).

Lo0bGYOGLMs, BMI  bbgoolbgs  Lobgmdgddo  3MmEr03WMOEODOEOOL FgmMg GO
20JLOMEYdS  OYMJOOL  39M0METD.  ToRIOMOE,  SF0sBT0 303 MOOO
3935¢™303900  Bbgdosh  3mlEbsGswnd  3gM0m©do  ©30dol  9630maMgdol
(39353 ™3bgBol) OMU, B0 53895300l boMolbo LEsdowmEmos dmdfjoggdol 3gMomedo,
bom ©s096MHgd0Lsl 906086905 Fo0oe3EMoEIOHO 030deol )X M9EIdOL 333960 To@gds.
DOLOM 50500569000 3935@™30GJd0L 40%  BHYEGHM3EMOEMEMO0s, bmrm  BOHEILEWW
906bgwgddo 30 - 70% (H. Toyoda. et. al. 2005). Ubgoolbgs Lobgmdgddo smdmBgbowros
50IYMBONO 3MOIWS30s 0300000 JoBMBNO 06@YJlls s 33 MOEO 3935GHMEOGHIOL
Fm0L. 85350005, ™30l ¥30d¢do 3H3IOOM A5(30¢gd00 653wgd Jo@MBME 0bgdul
3000609 300™539030, bergem 3:m03m0EoH30s 30 36093690M365 Bo®sos Moy390d0.

2/3  393539dB™0ool 9909y  FoB™aa6Mmo  Lobaowgdo (30GH™30bgdo s  BOEOL
R59HMMJd0) sbM309wgd9gb 3935@™E0GHIOOL FMEYs305L, OGMIWGIOE 3903w sgmaol
9O B O 30308 Momd  90EA0bME  30d@0l sl s 8T 3OHMELL b sbeMsgl
303 M0N0 39353HME0GJO0L  Mom©Ibmdol 933960 BOEs. Lb3sLlbgs  33e93900s
B39y ®mI 3030l M9a9bgMsE0s  JOMOMOEI®  ITMZ0EIOIE0S  3935BM(303HYO0L
3OMoxggms300bg (K. Si-Tayeb et. al. 2010), >dgs 6583969000 Mx 090900l 3039OEOMB0s (S.
Haga et. al. 2005). dmem@©@®mobogwds 33¢003900s 983965 MM 30dwol Mga9bgMozoobsl

3039 GHMMA05 §ob 1dwngol 3GMMmemoxngmszost (Y. Miyaoka et. al. 2012). qo®s 530bs, 59 33009350
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5B39bs HMI 35659y 9OLYOMEO O3 MOEIMO S BIGHMI3WMOEYHO INbMbM3gsBmwo
3935¢™303gd0 3MLEBIO GO MR OJOME0 3O3Wom, 153569 M
9609030353000 BB 5dg396 BHYGOI3LMOIOO S MJBHISMOEIOO B0oMHMZ0L
dJmbg MxEM99dL. sbg3zg bsbsbos, MMI MOBOOMZ0560 3935FGHME0GHIO0 0gmzosh oMEH030
©gmxBom  ©d  HoM3mgddbosh e  dmbmbmzgemmer  Fomo3ermoe  d30¢mgugew
3935¢™303JOL. 03000l MgAg6gMs300L  OML, g43gws gu  3MMmEglo  3935GHME0GHJOOl
3Mm03Mm0E0HBs300Ls s DBmTsdo Fo@gdol Logdzgmos. bogrMmOEMIdMS, GMI ©30dwob
939696M5300L IgmOg gl Jumgzowdo 6583969005 3935GME0EIO0 JOMINLMTsms 3MYdMIOm
16n. bowm Mga9b9Ms3ool 3GmEgbol abmvyegdol 99dgy 16n JOMIMLMIgdol 8993390
3935¢™30HJO0 500y FoMmygbowo  ©30dwol  356M9bd0dsdo.  93BHMMYdOL  sHMOm
950 3M0YIM0 39353M (303900l J90306905 9353006930 53MIGHMBMIb.

BOEILOW 6B wgddo 30dwol Jumgzowol 3erMmoE™dOL F933ws ©S3OZ3F0MYIY0S
JodoMo 52963900  06ME0MHgdM  ©BT-0l LobMgHBMB. Tsgooms©, MOIOOHMNZ0sbo
3935¢™303900L  Fo0dmddbsl  0bE0Mgdgb  bo@®mo@gdo, sbg3zg ©30dwwol  Jodmygbgdo
OHMQMM930(359: boBHM0MAoL 39bmMmdsMd0EGHMbo (N. C. Martin et. al. 2001), 1,4-odwmOH™d96%Bmeo
@5 396mdlobMmdNmo 3OHMEWORIMGHMMIO0 355530039396 MmJGI3WMOEMMHO JOHMNBOO™MZ0560
3935¢™30G900L 3563056MgdSL.

©30dol Jum30ol 303 M0EODBHE0s Jg0dwgds 06E0MGIMEO 0gmb 53 MEYBML
©H05bgd0m  98Mf39Mo  3500MWMYOMEO  3OMEILYOO0M.  FIYIWOMI®  30OMOY3JOOL
©300¢d0, 5530560l 30bMBbOL  935gdOL  3FbBMZgE  BMmEIE Db, Homdmoygbowos
30390GOMAMo  39353™M303900 OO JMEYIEMOOL  dOMMZYO0m s 53539 OOML
3969690905 JoGMmbM©mO 5dBHogmds (K. Takeda et. al. 2005).

1.3 JmangliBobo s @30dgols ®9a969Gmo30s
JogbBebo d3gMdbmwo  LoGyzss (choleos-bs03qwo  stasis-amds, ©o3YdJS)
Bowgaol 99agd9dsly 603bsglL. 5MPR9396 dol mE - ©30dedoEs s V3000l FoMgms BMEIsL.

0300305 JngliGobo gobdoMmmdgdmos 3030l MXMIIOT0 Bogwol 4s8md)dsgzgdol
©MPZ9300m. 250 53oLs, F9odwgds Bogol Loobs®do bsmzwrol 4o0bgdol Jga3g@bgds
dmbgl (03000l QoMgms BMMTs). 39653690 dgdsbo3MEMo Fobsowdwgymdol Ho®dmgdbols
990mb3939090  (650390-3963™3560 ©553500999%0, 356369oLol  msg0L  Lodbogby, Lobsmawy
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3H900L 300, JOMbogmwo 96 (3939 ULIWIOMBOMYOs©O  35636095G0G0, MMOMTYEBHYMXS
Bofars30l 3meodmBo, 3gmodmwgomdm®o wodxksgbodo s bbgs) 3omatmgds.

JmglBebol EMmL 030dwol 3smabs@Emdon®o Lwemsmo wdgEgloE ©30dwol fows3zol
396¢®d0  sOBYdMo  3935GHME0GJO0L  30GHM3WsBTsdo 65030l 303dgbGHol  Mmbmgdols
©3MM390500  35dMobs@gds. 1939 39353 ME0GJOOL  OLEBHOMBOMWO s  By3BMBMwo
330093900l 35630m50M9ds, BMgds o Lobswzmg ABYdOL  ILEHMMI30s  500b0dbYds.
(Borpirasmen. sHiuKI. et. al. 1986).

BM35d0  bozwol 3m®IoMgds, MMYMOE 9bGHIOM335GH M0 gbol  (3935¢™303Jd0,
Jsbaom0@ 900, 96GHIOME0GHI00) 3993656010 LoGMobldmMEHm LobEgdgdol bm®mdswmEao
1bJ30mbomgdsby, 51939 d0MHM3YWO ©9393GH™MHJO0m GMBL3M03300L Qo
3bGGHMBLI0330M0 MY s300L  3NMOEO0boMmYdMr  ImJdggdsBgs MNP HOIMO
(Geier et. al. 2007; Kullak-Ublick et. al. 2004).

39353™30390L dmMmol FoOmM  3530060930L  45HY39B0  MIXMYIOOL  gobzwsmdol
35BMEIL, Bowgwol 8995y9bgeo 5030gMHYBYOOL  3esHTsTo  QOEIBZWLS @S Bogwols
3930560 MLBAMLMOO 4M5096EOL Aol 0f393L, Mo brmMdsdo Bomgwol Ln3Mgzoobsmgol
350mAM53909¢ Aol fomdmopqbl (Jansen P.L., et. al. 2001).

JoglBobobsl,  39353HMmEoGgool 3oG™PmbAbdo  AsBOHEOowos e IM0
903605053963 9d0L MoMEgbmds s YHBMERIBODIIMWOs 5dBH0bOLS S 3930WMOL QO™
30™3560 MIxbydoL gobersgds (Jansen P.L., et. al. 2001). 65365¢00lgd®0 306E5JGHOL Gowgdo
(konegson32 s 26) 65030l LogHmm byE0bsMOL 4509393306 24 Lm-Go JMgds, o3
3935¢™30G90L dmeol Ca?—ol Joa®mo300L IMM3935L 0f393L (Jansen P.L., et. al. 2001).

3bMdO0s, OHMA Jnerglidobo 30dwol MgagbgMoE0sL MO39 IMPYOL - HMAMEME 35MOL
39600 9ddmool, 51939 bofomdMmogzo 3935¢)gd@™mBool MMl MGMYMbsgl. 35G0ol 3960l geo-
9600 BHMGHOL 98dMEool EOML, dOE0M*BO6OL Jo®owo 3mb3gbEHME0s, H6159ddME0BYdIMWO
fowgdol Bmdsdo BOEIL x39gMbgdL (Imamura, et. al. 1999). bsfoermdmogo 3g3s@gdmdool
0900092 JmgbBobm®  3bM39wgddo  ©030dwrol  dsLol  oBgds, LogmbEHmMmem  (Gbmerme
3935393B™0Mgd) 3bMm39wgdmsb FgsMgdom byws begds (Tracy et. al. 1991).

03000l bsfoermdMogo MgBgdsool 990y JmeglBsbwme 3bmggwgddo (Fbmermo
393539JAHM0Mgdm  3bm39gEgdmsb  FgsMgdom)  03wgdl  doGmbmemo  0obgdlbog.
Jogldobol mmlb Mga9bgcozool 893396bgds, 90dwgds 99890 3MmEglgdol — »30dwol
39900653030, H93969M5305LMb ©s353d06M9dME0 IgE05EMEYOOL Foerdmdabol, s3m3EHMbols
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LobdoMols s  96GHIMM3g35BH M0 30MIMWH300L  (3300WGO0m  0yml  2ob30MMdYdMEO
(Yokoyama et. al. 2007).

JglBobo, ©30deol Mgagbgmszosdo dmbsfowg 3od@m®mgdol Fo®dmddbsbga sbgbls
B9993w9bsl. c-myc-ob 9JudMmglos, G®MIgwos bsfowmd®ogzo 39353 9dGH™dool MU fob wdmgol
90GMBYd0L  50IM(396935L,  JMEglBoBol OML  0b3odoMgdmwos (Tracy et. al. 1991).
JogbBeb® ©30dwdo sliggg @sdseos B/EBP-a s B-U gdud®gboss, Mg bsfowwrmdemogo
393539JAH™dool 9999y E 30300060l 9dudMgbools  odsen mbglmabss 93533060900
(Nakano et. al. 2001).

JglBobme 30dwdo EGF-Us s IL-6-0b Gom@gbmdsi 03wgdlb. 396dm, bowmgwol
L59MM LOEWOBIMOL 250539330l 99y, LoaMIbMdsE I30MIds EGF-0l ds@®moErero®ba-
ol 9Ju3GgLos (Bissig et. al. 2000). dobo GomEYbMdOL BoEHYosl 5EP0O 56 593l bofowmdMmogo
3935¢93B™dool 899009y JMwgbBsbu® 3bmggwgddo. mdLEMIE0Mwo bogzomeol Bmbby,
03090l bsfomdmogzo Mgbgdzool 8909y IL-6-0b 30639635305, 063G (3bM39wdmb
9900569000 56 0DMEYds. 36Mmdowos, MHMI EGF s IL-6 030dwol Hgagbghogosdo dmbsfoerg
96039369cm3560 Bod@EHmMgdos (Bohm et. al. 2010).

JeglBobol ML, w30dwdos NK 9x®gogdbg fas-croasbools s TLR2-ob (Toll-
likereceptor 2) 9Ju3Ggbos dWogMIYdS, 53 3935GME0GIOT0  33M3BHMBOL  Loliogbowrm
994960Bdol  BoOMZoLMB  sbmEzomgds  (Ogawa et. al. 2005). ©30d@0ol  bm®Iser©o
©93969605300LsL NF-kB-U, bcl2-0ob, TNF-a-bs o IL-6-0b 563053m3GHmBmM0 9839d@ob go0m
33m3GMbobL batrolbo d0bodmdsdgs obwyero (Iimuro et. al. 1998; Tzung et. al. 1997; Takehara et.
al. 1998; Sakamoto et. al. 1999). 03 3bm39wqdd0, HMIGWDs3 653wl LsgOmm LsobsGol
3905393300 9990099 bsHowmdmogzo 3935®99dBH™dos BoGHOMm©Im, ©b63-b
M@0yMmbm3mgmbmdmmo  g3MogdgbBHgool  MomEgbmdsd  ©@d  3oL3YBs  3-0L  9dGH03MdD
Loa™AbMBdWO® 08535, JMglEBIBoEIB 5 oL 899y bsfomd®mozo  3g3s@gd@maoolsls
5QMgMEo  3sbbols g9bgdol  gdudcglool 3MHMIBHMIO0 3w0bgds To™sd 0P YdS
33m3GHMBobL 3MMEILO, s 565 39353ME0GHYO0L OMWOxgMs30s (Kanno H. et. al. 2001).

65030l LyEObsMOL MBLEMYJ300L 8999, 96GIOMIY35GMO 0O IEsEO00L IMIMS,
03000l 9392696003009 3600369396 Bgaogargbsl  obgbl.  6sBg9bgd0s,  GM™I
MBLAHOMJ30wo bLoyzomewol Bmbby, bsfowmdmogzo 3935@9dE™mdoolsols Bomgwol Loobas®ol
39090 ©MboMmgds 360dzbgrmgbs meymbsgl Mgagbgtsool 3OmEgbl — 830MYds ©bI-
3modgMobs  a-l  odBHomOHmds, JoFGMmbBOo  obpgJbo s  H3modoobol  BsGomzol

0b63H9bLoOmds  (Iyomasa et. al. 1992).  LogmbGOmem (bsfowmdmogo 3935@9d@maos)
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95396909 msb  G9s0gd0m, 3030l boformdMogo M9Hgdsool 9909y,  M9a9bgMsEool
MBoM0 3390 MHBRYdIMS bozwrol Jos M9boMgdol d9dgy (Suzuki et. al. 1994). asqo
500bs,  Bogwol  45Mg  M9boMmYdOLLL, oS  MYH0MYOLMB  FgoMgdom, bBowgol

999509690 0300900l 9Ju3MY309390 M3y mwo (Mizuta et. al. 2002). ©30dwob
09396965305 3608369 m3boss 393000900 bo3wrol  ©obgdoly @y  Bowgwol
9995096900 0300900l  9Ju3Mg300L  LobdsMgbg. Bowgdmwo Tggagdo sh39b7dL, ™A
95390™3935GMM0 300353008 IMM3935, 3000l M9agbgGmoEo0l  F9dsxnqMbgdgwro
3600369crm3560 Bod@BHmMos (Yokoyama et. al. 2007).

1.4 ERK 1/2 @5 JNK bsbogbogrem 3553500900
056 30659900l (JNK) mxobol 30639¢0 gows 306039ws© godmygmgow odbs 306MHmop39L

030006 303m3gdusdool dmgdggdol dggas (Kyriakis, J. M., and J. Avruch. et. al.
1990). JNKI, JNK2 s JNK3 30egdol soo bbgo@alibgs 0bmgm®mdss 3bmdowo. JNK1, s JNK2
Domdmoagboros yzgws MxMgLs s Jumzowdo (Bode AM, Dong Z, et. al. 2007), bmerm JNK3
doM0mo©i©  HoMmdmagbomos  mo30L 33060l MxEggddo. JNK  mxsbol  30egdo
59BH0MMH©Yd056  30EH™306900L,  MEHMI00LBIOO  JodMLbLO3gdOL,  BOOL  BoJEBHMMGOOL
Bo3egdmdoms s bmaoghmo G 3oslosb  (G12/13)  sbmEzo®mgdmo  M9393GMMd0L
dmgdggdol dggyo© (Kyriakis, J. M., and J. Avruch. et. al. 2001).

obg3g Gmamed3 ERK1/2 s p38, JNK-U 5303530050308  Logo®Oms  mMogo
RLBMOOEO0OHOS MOOMDBOBOLS S MMHYMBOboL doge. MAPKK-900 Hm3wgdoa 935¢9¢0bgd9b
506036 M9godi300L 3BMdOWos MHmym®m3 MEK4 oo MEK7, gl v93565L369cmbo 30 0030l 0993500
59BH0MH©Y0056 Bbgsslbgs MAPKKK-9d00m, Hmam®gdogss MEKK1-4, MLK2 s MLK3, Tpl-2,
DLK, TAO1 s TAO2, TAK1 s ASK1 s ASK2 (Kyriakis, J. M., and J. Avruch. et. al. 2001). obg3g
G0amem ERK1/2 @ p38, INK s0004dg9ds mx6gol dommgol dogé (Mizukami, Y., K. Yoshioka, S.
Morimoto, and K. Yoshida. et. al. 1997.). JNK-b y3gamsbg 396350 3bmdor Lwdl@modl
Dom0Mopabl  BHMBLZMORE00L  FBodBHMmOo c-Jun. sbodbmwo  Fowol  BMLBMOOOMYdS
9339065 HBOEOL c-Jun sdm30 0 GHMbLIMmox30sl (Weston, C. R., and R. ]. Davis. et. al.
2002). BoBggbgdos Mmd JNK-U dogh bgds obgmo  GEMbLiMogzgEool  BoddEmMgdol
ROLBMOOO0MGOS HMYmOgd0i3ss ATF-2, NF-ATcl, HSF-1 s STAT3 (Chen, Z., T. B. Gibson, F.
Robinson, L. Silvestro, G. Pearson, B. Xu, A. Wright, C. Vanderbilt, and M. H. Cobb. et. al. 2001,
Kyriakis, J. M., and ]. Avruch. et. al. 2001). o®gobsmgol 13 MAPK 3065%s s60b bsbobo, ®mdgaros

55430 90L JNK Lologboarm a®osls (Keshet Y, Seger R. et. al. 2010).
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Mitogens Stress/cytokines Stimulus
MEKK1-4, DLK, MLK2
ga'f_?lf' Eh':;‘; Tpl-2, ASK1, TAK1 MAPKKK
! TAO1/2
MEK1 MEK3 MEK4
MEK?2 MEKS MEK7 MAFIWR
FPDKA1 5 l l’ l
ERK1 p38 JNK
ERK2 isoforms 1213 MAPK
, |4
MNK1
EEE; MSKA1 MK 2 MKS MK
Rsk3  MSK2  mnNk2 Ll
RSK4

bm@soo 3. ERK1/2 s JNK bsbogbsgoem 35135¢0000

c-Jun N-39030bseHo 3065BL gbo ool MAPK bosliogboswm gbols 9bm-9000 80535600
Lobogboem 35135000, HMIGE0E YYOPM0IMMJIgGEIOL LEdMEMM 9539dEMMMD. 0l 53MBEHMMEGIL
Lb3oslb3s MXMIME 3OMEILYIdL, OMYMMIO0E SOMEOGBIMS305, P53 GHMBLIMHozE00
B354 BHMOHOL BOBBMOOWOMGdS, 98dMHOMbMMO 496300560905 O 33M3EGHMBO. s©bEB0Tbs305, Brd
JNK  8mbsfioamgmdl  mdlosgom®o  BEmgboom  ©sHosbgdmmo ©bd-li ®9g3s6m30580, dobo
30396M9Ju3Mgbool  Fggyo®  Bsbsbos  LogmiEbwol  Bsby®Ao3mdoL  9339mM0  To@gdo
OMBMgowsdo (Wang MC, Bohmann D, Jasper H, et. al. 2005), bmeom Caenorhabditis elegans-8o
Bsbobos, MHmd JNK-1 ool 39@ssos 59306M90L Logmabwol bsby®mdwogmdsl (Oh SW,
Mukhopadhyay A, Svrzikapa N, Jiang F, Davis R], Tissenbaum HA, et. al. 2005).

dxdmdfmgsmms ERK 1/2 a®s, 51939 36md0owo, Hmamea 3arslogdm®o do@mbol 3065%sl
39L35000, 990> MAPKKK-gd0bogob: A-Raf, B-Raf s Raf-1; MAPKK-gd0bogsb: MEK1 o
MEK2; MAPK-900U5256: ERK1 5 ERK2. ERK1 @5 ERK2 5306md553900L 83%-000 0009b&Mos.
obobo  dgBgbo  5dBH0MIMOYB0E  DBOEOL  BoJBHMMGO0m, JJUMPIGHOD S  BMEODdMEOL
909mHgd0m,  bmrm 08300000  39G9OMEG™0dgOHmo  G-gowsbmsb  dgmegdeo
©9393G™MJO0L 096 gdom, 30G™M306gd0m, MLAMLYIMHO LEBHMILOMS s FJ0IMMEHMOMEGOOL
©bEHOMJzoom. (Lewis, T. S., P. S. Shapiro, and N. G. Ahn. Et. al. 1998). MEKK1/2/3 s c-Mos

3065%Bgo0o  sbg3g  bMdowos Gmyméiz MAPKKK-9d0 53 Lsbogboswm 35035080, omdiss
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356513690  33a93900 939693 Hmd MAPKK1/2/3 dbmewmo 93009© 9bgbl gogangbsls
ERK1/2 %0U 55d3owegdsbyg (Xia, Y., C. Makris, B. Su. et. al. 2000).

GH03099M0 MxOHgol d98d615690 M9(393GHMMIO0, OHMYMMHIB0355 00MOMD0b30bsBs (RTK)
5 G-30sbmsb 99 gdmEo MH9333GMMJd0 FoslEgdgb Logbswl Raf/MEK/ERK Lsbogbsgrm
39L350b GTP -535353806939o 36mEgobols Ras-ols d9939mdom. 3996615658006 sbimzo®mgdmeo
Ras gowol  200d3Howemgds  bm®Eogergds  SOS  gsd@memol  dmddggdom,  Mmdgaos
SLGH0MoMmgdl Ras-li GMI goM5gddbsll 2B AAB-©, MG 5393l ol JglodEgdEIMdsl G
00mgdgmb dob 999 mad Lologbswm dmerg3mwsbg Raf-by (Geyer, M., and A. Wittinghofer. et.
al. 1997). Ras o Raf 3ogdol Ggamwszos 3609369wm3zs600 wxdgroolsmgzol Lobogmagbamo
d600369crm3560 13bJ309d0L 39056005 ddsmdolsm30U, (ORI (e P 5] Jdomo
dsbobmMgBOMYdgwo 496930l IMBo30s 03936 Mb3mygbgbL (Chong, H., H. G. Vikis, and K. L.
Guan. et. al. 2003).

ERK  1/2  ULobogbogrem  abs  0mzwgds  Mx6gool  30meoggesgool  3;moe3s6
3oM920Mmgdge  39U35005©, 9doBHmd ERK gbol 0b30d0@Hm®mgdo  250m0ygbgds  Mmams
36GoLoALO3bMGmOo 53963900 (Kohno, M., and J. Pouyssegur. et. al. 2003). a55d&owcmgdmwo ERK1
©> ERK2 oB6OHmb3gergmggb  9Msgso  bopl@®mo@dol  gmlgm®omo®mgdst, dso  dmMob
d930M56mwo, doMmmM3Mo s MxXMgOL RmbAbOL 30cgdol FmligmMowomgdsl. RSK-9d0,
MSK-930 @5 MNK-930 {o6dmogbl bsd 300356 30900l X3Mx3L, Gmdwgdos sosb ERK1/2-
ol bLYIBLAMSEYOO0. BoB3gbgd0s, MM MSK-900 s MNK-900 890dgds go5d@omMbgb Gempms
ERK1/2-0l 5939 p38-0l dmgddggdol 9900939, beagom RSK mxsbols 30¢900 30 §o60moy9bgb
dbmem ERK-U bmdbBeo@l (Frodin, M., and S. Gammeltoft. et. al. 1999).

Plasma
) VEGF UV radetn stress, phorbol esters, Growth factors, hormones,
| phorbol esters Fouvndation, g tummiory | mtogens artokines
inflammatory cytokines e

v cran((sos @S Cytoplasm (f)‘? -~ 7 P
Raf ( : [Prea]-=[TRas | [P3¢]
' i) SR ® ; . ! :
¥ /
v : P P —
| | t t t

() P38 Mk2

Losuss
Nucleus Substrate phesphonylation o .

L5000 4. ERK1/2 bsbogbsgnm 35035000l 9839d@G ™Mo 30¢rgdo
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0530 2. 35L5¢5 S 39MOYO0

2.1. 33930l md0gdEHgd0 ©s dMmEIErgdo
1533093 MB0YJEHO® 35dM3094gbgm BOOILOIEPO MY sMbIBMZb0 goMmea3900 (130-

150g.). JmeglGobm®o 0300l dmEgerol Jobomgds 30600390830 3sbgbom bswgarols
LogOHMM BoE0bsMOL (BLL) A95393)39L. JMglBOBMO w30ddo (9Ju39M0dgbdmwo ImEywo)
3003 M00b300L Lologbswm B (9d)ol 398m3wgbols Jobbom AsbolsBZMS Lsdo sdmEsbs.
30639000 5dm3sbol BoMwqddo dmgzsbobgo HGF-om, 93@0306093wo bobogboswm abob
dErm3oMgds.  IgmMg 593560l BoMaegddo dmgsbobgom MEK 1/2 3000l 0b30d06mgds, dqledy
59m 3565 J0Bbo 0Lsbsgs s JNK 30000l 06308069dsb.

306390 53m3560L glslimragdes© 3bm3ggwgdo osymgzgowbo 093zbgb Lsd xamBs: 1.
Lo3MbEGHOMMM X3MB0 - 0639dGH MO 300M983900; 2. T LoE3YMO XABO - JMeglBsBol Imbg
3b™39w9d0; 3. II Loggwo xamx0 — 3bm3zgwgdo, GMdgwmsz bl oa0Mmgd0©sb 4 ©EOL
3968530 Mdsd0 31390090000 HGF-0l 0630d0@HmMol (PHA 665752) 0b9d3090L (19p/33-09).

1533093 AsLOEsl  (30dol  Jumzoo), 3009000 bs3EEol  Loghmm  LsEobsMols
3905393006 39-4 ©IL.

d9m6Eg 58mEsbols dgloltrvmwgdws® 3bM3ggwgdo ogmzowbo 09369 Lsd xamss: 1.
Lo3MBEGHOMMM XaR0 - 06ESIGHMIM0 30OMoy3900; 2. I Bo3I0 XFMBO - JmegbEsbols Idmby
3539w gd0; 3. II LyEEIWo XFMNRBO - 3bM39Egd0, OHMIGEMSE BLL WoR0Mm9d0E 20 Lor-ob
990009 39399390900 MEK-0l 0630d0@ ™Mol 0bgjsos (PD98059) (13y/33-b9).

1533930 ooy (©30dol  Jumgowo), 9300gm  BoMzwol  LsgMmm  Loobsmols
39053903006 39-2 ©IL.

dqLodg 53mEsbol JgLoliMvegdms® (3bM3gEgdo IYgmzowbo 0yzb96 Lbsd xamxss: 1.
Lo3MbEGHMMMM X aR0 - 06@9IGHIM0 30OMoy3900; 2. I BoE3I0 XFMBO - Jngbsbols Idmby
3539w 900; 3. II LOEEIWo XAMBO - 3BM39Wgd0, MMIJEMs3 BLL oyoMgd0EB 2 Eob
3960530 mdsdo 2939m©om  JNK 063000@ ™60l 0bgdzogdo (SP 600125) (13y/33-09).

15330930  FoLoews  (©30dol  Jumgowo), 9300gm  BoMzwol  LsgMmm  Loobsmols
390539»30©56 39-2 L.

dmbs399900  LEAIGHOLEOIMMOI® 934939300  0oym LBEAHMIBEHOL t 33M0EIO0Mdom.
9mbs39990L Lo®fdmbmo 3mzwoom p<0.5 9dmbgzgzsdo.

20



2.2.506500¢0ols dozMmbizm3do dglifjogerolismgol dsliagrols godlsEos s

36935605390l IMIBoEYdS
Lobsoneol dozmmiizm3do Jumzowgdol (030dwo) dglslfoges Toboerol  goduaosl

39babom Na/K gmbgs@® d993960Dg ©sdHsgder R3mMdswgd3ools 4%-056 blbs®do.
130gbszool 9999y Foboerol  gofyarmgds 80dEObsMgmds Lbgsabbgs  3mbEgbEH®sEool
1B30MGHJOoL FbomE M0ydo. JuMm30El 3545e0dIOO” (330-35M5x80boL bstgzdo. 5-7 933-ob
Lolgob 5650 gdl 3090930  3935¢MJBoWob-gMmBobom.  3M935M5BHIOL  LHogMdIOMm
Lobosmeol dozmHmligmado "JIOMO".

2.3. 3¢booby®mo do@MmBMMo 0begdlols 3oblsBL3zMmS

03000l Jm30wol  3OHMEORIOHF0NO  53GOWOMdOL  FLoxzsligdws 3094gbgdom
30doaobm®o do@mBMMHo 0bgdlol IgmmEL. 30039830 T9a3993s Jmerdoiobo (19y/32).
09393035305 39bgbom 2 Lssmol 899gy. Lobsmwol dozmmbizm3do dgbfsgzwolsmazols
Aoborsl  3930JL0MYOO® s 399DOYIPOM  39MOGROBOL  VBsMEIgdL. 3gdIZEOM
39053™JboE0b-gmBobom s Bobsmerols dozmmlizm3do g3omzwoom 5000 3g3s@GmaEodU,
domdo 3LLBPZM93000 JoFBHMHBMOHO MXMIEIOOL MomMgbMdIL 1000 YXMIODY A5IMNILPOM
(36mdorg %o0).

2.4. 33353303900l 30039030 ©HI-U MMEgbMdOL §sblisBEPZGmOL

doBbom 30935653700l ImIBYds s 500 G9m9d3s
3060053356 03030l Jumzowol 653M9dL (530) 3o0m03B90om I dzzg®do (pH 8,0 - 5%-

0560 Lodo®mPbs 1000w + 0,07 M Na:HPO: 95 9¢» + 0,07 M KH2POs4 59¢») 20 for-ob
3963530 mdsdo. 9990099 39oa3Jmbs II dx39®do (pH 7,3 - 0,07 M Na:HPO4 80% + 0,07M
KH2PO4 20%) o 35936900000 5 {or. goxo6mx390mwo Jumzowo@sb (39mgdL 35)39m9d00m
Loboabg d0bsBg s 353907900 bo3bgdls, HMIgLsE 39830JB0MGOPO0 Fgmsbmeoo.

©b63-b 139308303 YMs© Fg0gd30LsM30L 30496900 TJogol Mgod@ozL (Fomeryqbols
695J309L). 3093565390, 30OMEoBol dobbom, omsglgdoo 10M LiCI-bs s 2 M HCI -ob
Boeggzdo (9:1) (Lodmermmem blbs®do LiCI-9M s HCI - 0.2M) 30fo;-ob  go6dsgermdsdo,
353wgdom HCI 0.0IM blbs®do. Lomgdsgdo 36935653 gdl  35896Mgdom 1 Lom. 8999y

3939000 3MR0M©M356 Fysewdo (5¢ K25:05 gds@gds 9500¢» oliGowwomgdwgero fysero 500
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IN HCL) 3-x96. 530b 9909 393gdoom HCL 0.01M blbs®do, 3535693000 5035350
306396@H5300L L30MFHJOTO O 3BMSZ00 LB dobom.

2.5. 3¢rm0Mdol 35blsBO3MmS 3ma30MEHIMEOo 3Mmy™sdol - Image.J-ls

153495¢09d0m
dogxzoll M95dBH03000 909300 36935053 JO0L BMEMYMIR0MYdS bEYdMmEs Lobsmerol

90360m3m3do (Olimpus CZ 4040) (90X10). 06396 x39609630090 o @®mom, Gmdgeos dbmemeo
9emo Loy®mdol Gowweolb (57060) ddmbg Lobsmerol bbogl 5EHsMgds. MoMMIMEo bIMHSMO
0990530935 3330 EIOI 3OMYGMsds> Image J-0o. 4900533953s 32 bit-do, 35bgbom
06396:G060905L (3mbo 3999qds, beam d0M™MZ39d0 Mos FgML 0©gdL), 3bsBIZO MOMMYNIE
d0M®M3L s 3BMIs30000 Fg0g030L 063 gbLOYYOMBL.

©O3MOEM0  MXOIIOOL  BEBHBIOGI©®  F0MgdEo  33Jmbs  oIBMEOEHYdOL
do0obongds.
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0530 3. 33e0930L 990092900 ©s 356bogngs
3.1. JmeogliGsbme 30ddo 3grmomdols 33wromgdols dglsgems c-MET
©9393GH™Ool 0630d0Mgd0ls 3908¢09
39353™ 303900l 3Mm03¢Mm0EO0B300L 3Mm3gbo, OHMyMe3 930309960

5Q5335300L  d94560Bd0 (Bgmergddmog asbobowgds GMamME sMslMwwo dodmbol d9wgyo0),
Sb530L  F5BJOLMIb ghmo© 0BOIYds s 493M3gM0s DBMA0IH®D MMPbMTo JoEMmBMMO
59303mdol sgd3zgomgdoom (bpoackui 1. B., Ypusaesa M.B. 1981; Saeter, G., et al.1988; Gerlyng, P.,
et al. 1993). 50539 @OML, 6583969000 GMI bswzeol LogMmm LosobsGol (BLL) m3wyboos
3965300056 89-4 M9l ©gLAHOIE30Mwo 30dwol 35096J0dsdo MXMIIdOL doGHMBMMO
59 BH0MOHMBOL S 3MOE™dOL DML 0f)393L (d9396Mdg 9. 2006).

65 3o bmME309wgds  JngliBsBol 30MMdYdT0 YXMHJIIOL  ASTMSZGOOL
3Mm03Mm0E0HBs3ool  3OMm3gbgdoLl  BEGH0TMEsE0s  ©30dwol  356M96J0dsd0?  ©30dwol
9396960530580 MMAMOE 36Mmd0w0s, 58Y3560 Mo 39353HME0GYO0L BOOL Bod@mel (HGF)
96039%5. 3935¢™30GgO0L BOHOL BodEHmMol Tgbodsdol MoMmMB063065HMO 09393 EHMOM (c-
Met) ©535330693s, (36md00 36:0mEg0b3065DmEM0 35b3500L go9gE03905L 0f393L (Ras, Raf, Mek,
Map). gmbgm®owgdmgmwo Map-30bsbs (MAPK) 8060300 4505065:33c093L 5 9% 6900
303020b MgaMs305d0 dmbsffoang GHM63M03:300L BoJBHMMIIOL 455JGHOIMPI S YR MILIOOL
36OHM0ggMH300L bEodMesEost 0f3g3lb (Huh C.C. et al. 2004).

596005, ®™A LimMgo HGF-0b 30639636305 0BMH©gds doewosh Limsnsm (303l
99-2 gL 50(93L) bowgarol Logmmm LoobsMol Aos39BH30L 9dgy (Li Zh. et al. 2007).
43900039 H99m0 50b0dbMe0@sb  godmdobamyg, 39353HME0GHIO0L 3ME03MOEOBHE0sT0
HGF-00 5J&03060935000 Lologbserm g®Bol dmbsfowmgmdols slisygbo, godmgzoygbgo c-Met
©9393G™M0L 063000FGHMM0. (3bM39Mg00 53453000 LY X3MRBOE: I Ls3MBbGHOMW™M XyMBo -

0bG>IHO0 3b™39wgdo; IT -306390 L3I XBIBO, GdMZILYO0, OMIJLMIG J9I3INVI0
Bowgol LogMomm boobsMols (BLL) woaomgds; III - Igmeg LogEIWwo X3MRBo - 3bmzgErgdo,

OHdgemsi BLL-U 0009306 4 EEOL 2obdsgzemdsdo v39mEIdMEIm c-Met H9;393EH™MOL
063000360l 0609J30900. ©OgMOWOlL gogMol BsM3zmbol 306H™MdgdT0 M3gMo300©sb T9-4
©O9L B53039 XFMIBOL (3bM39EGOL BoBHIMEIM ©3930(B9(300. 3935GME0GHJOOL 0BMEOMGdOL

dobbom ©30deol Jumgzowo s3m339000L 9909y IMMOgLYdMWO 0ym  FBMbRSEHOL dFBYMHYIE
bLbsGdo.
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X 6909030 ©HI-b M5EI6MBOL TGuoxzsligdws® gsdm3z094gbgm Bommygbols Mgodaos (bwe. 5).
39353™303J00L 30 MdoL  (33¢0gdsl 3LEBOMIZEOm 3B30BHIOMWO  3OMYMSTom -

Image J.

Loy 1 Homdmoygbomos  BOHEILEOWMWO 30600039008 ©300¢0EIL  0BMEOMYOMEO
X 6M90g00L 653bgdol J03OMBMBHMId0.  LwM500b BbL, HMI godmymzowo wxMHYIdO
doM0m5O©  06560BMbgdg6 B0 0sbMdSL, 0(330sh FBMWME FMOALL, Gog 0bmEsEoolL
36MH™39L30 MXOIIMOOLO 30639 EHJOOL IMMZI3000 SMOL ob30MMBdGIMO (Lwy©.5 o, B, @).

B503w0ol LogBmm Lsobstol (BLL) ™m3wybos, OHMaMOE 9339 Bgdmm ogm s0bodbmwro,

039653000056 39-4 @Il ©ILEAMIE30MO M¥30dOl 3569bJ0dsdo MXMYIEIOOL BoGHMbYGO
394BH0MOMBOL 5 3eMmO0E®IOL BOEL 0fj393L (d539M5dg 9. 2006).

B396L  Fog®  BsBHoMgdmo 33930l F99pgool  sboeroBds  930P3965, HMI  0bGod@me
3000593900056 99509000 65030l LsgBOM LoEObsMOL WOoR0MYO0EH T9-4 LIL 306390

Lo XpOBoL  3bmggegddo  33300Me@  30MEgds  EOSRMOERYHO  JXOILIDOL
65096Mds. 396dm, Bsmo dsB396909w0 06GsdBHMMo 3bM3gwgdol wgodwrdo 8gsy9bl 53+7.7,
bowm Joegbdebosb 4 ool 9909 30 ©sbwmgdom MmGOXgH d300MEgds (22+3.3). 53539
OO, 0b6@SJHMNO 3b™39wgdmsb gsmgdom 3063900 Ls3Io XMIBOL  3bm3zgwgdol

03090l 35609bJ0dsdo 8339005 0HBMmYdS BYBH™S (4c) s MJEHO3WMOoEIOO (8c) YR MIIdOL
65096Md0.
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d)

d)

bM©s00 5. 0BMEoMgdMEo 3935¢M™E0E P00 - 3919035 Bogol Mgsd@o300 (Fomeagbols
©95d305); 03030l 3509600 MRMIOL d0M™M30 (3); 33EOEIDds 5)4x10; d) a) 40x10

8)30639¢0 LSEEIO X3NBO @) IgMMY LSFPIMO RINBO

L53MBGHOMEM X 3MTBoL 3390900, HMYMOF bOOE0EIL BBL, 4c JOMIMBMToL d90339¢0

X M90900L MomMIbMdS F95096L 34+8.6, beagwm I ls39wro xa530L 3bmzgugddo 30 64+3. 8c

JO@IMBmIob 9993390 YIxMJIO0L Crombmds 0,5+0,3 s 5+1 Gglsdsdobo (bMHowo 1).

gbcMogo 1
©303¢0d0 MR MIJO0L 3¢M0EMIOL 33X
©b3-is
2c 2cx2 4c 4cx2 8c
509bMdS
0b6&sddweo| 53+7.7 9:+1 34+8.6 | 2,75+0,8 | 0,5+0,3
gbmggwgdo
Ibsgowo | 22+3.3 6+0.6 64+3 3+0.6 5+1
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XdJ3Bo

II bsggwo | 17 +2.6 7+2.5 64+2.1 4+0.7 8+1.6
X330

sbgm039 9909900 oxgoJuoMEs II Lsggwo xawnol Ebmggewgddo, MMIgEmss
65030l LoEObsMOL WOR0MYdOL Ty 4 oL 9BTogWMdIT0 13000 YdM©c c-MET

©9393GH™M0L 063000@MOMOL 069d30900. 0639dBHMO 3bMZ39d™M6 TgsMgdom Lo®fdmbmeo
3993060 O3CMOEYIOHO Y)XMIOIOOL MoMm©OIbMds, 39MHIM, 17+2.6-%-0009, bmerm GgBMs s
MJGHO3wM0EYHO YYRMHJJIOIOL MoMEIbMdITo 30 IR0JLOMS 860d3bgermgsbo To@gds 64+2.1%
5 8+1.6%, 99gLodsdobo (3bMogro 1).

boyM5Mgdms ®md I s II bsgowo xamxol 3bmggwgdol gzodwdo GMHmymOs
O3MOENMMO MR MHIIOOL 51939 FoIWSMOEIO0  MXOJOIOOL  Mom©IBMdJIL  TmMol
Lo®HIMbm  goblibgaggds o6 godmgzaobs (L. 6). 3960dmE, 65030l LogMomm Boobs®ols
W0y0Mg00sb d9-4 ®IL, MM039 LosEgIo X3ROl Ebmggwms ©30ddo, MmameMs 99-2
L@y 8myzs60wo 093930l sbseroBo  230P39690L,  gMMbsOGS©  3KgdMEMBL

©O3WMOEYIN0  YIXMJOId0L  F993390Mds @ 0DBMPIdS  BHIAHMO ©O  MJBHO3WMOEIMHO
3935®3™303900L MoMmEgbmds.
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100 - Bobd>J@n®o 3bmggegdo
B Joeglgobo 4 ey
B Jomgbdobo 4 pegtobdododmeo
80 -
X
J-cf
E
s 60 A
é
=
= 40 -
«
é—-
£
20 -
0 -
2c 2cx2 4c 4cx2 8c
3EMmoEMdSC

om0 6. Joerglidsbm® mz0ddo Mx MO0l dermomdols 33¢romgds C-Met
0630803 mMol Bgdmddggdol 39dcgy

3309306 990093900050  459mIEobstgmdl, MHmd c-MET  69393G™M0L  0630d0GHMM0l
06943099000 HGF-00 59030609090 Logbsewrol 400s3930L 35U3500196M0 Dol derm3zo®mgds 56
SbOIbL  Bgoz3wgbsl  JmeglBebm®  ©30dwdo  39353HME0GIO0L 303 MOEOBIEOOL
360 m39Lb0L 0bo30609d5bY.

3.2. JmegliEsbme ©30d¢do Jo@MmbYGo 5JE0OHMdOL (33¢P0gdol
dglfogams ¢ -MET 693933™M0b 0b30domgdols 993¢0ga
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9396965300L 9539dGHOMdS EOEHOOE A9BOLLHBWIMGds 08 30OHMdYdOm, MHMIgEdog ob
9000b56MHgMBL. 58 M35LsBOHOLOm, 30603909l Ym3olLs, SOBYIOMOS MMRBOBIOL LogHmm
90aMdoMgmds.  3030m303530bmbo, 0b9M353008 oMM3935 s bbgs, slggg 9603369 m3z56
B9293w965L 9L M350 MEo M9a9baMs300L 30dE0bsMYMdIBY, 5839MbIdL ol 96 bgarls
<gemdl JoLo 3500MEMAOMH0 BMMOIOL Q9B30m50M9gdsL (Hiussinger, Dieter, et. al. 2011).

5656530090 3603369035605 03000l M9gbgMsE0sdo dmbsfoeng FoMgymwo®mgdgwo
3399 BHMMgd0L  sOLYOMBS, MMIGMoQbs3 9LEB0dbsZ0s: 3935BHM303HJO0L BMEOL  FodEHmMo
(HGF), 930009630 b6ol 1sd@m®mo (EGF), 3odmHmdwsl@gdol ool gosjém®gdo (FGFs)
5 0blarobol dbgoglo BOHOL Bod@mMgdo (IGFs) (Bohm et al, 2010). obobo ms30L 989JAHL
00600H06306596H  Hg393GHMOMD  ©3530060gd0ms @5 FgLsdsdolo  Laliogbsarm  a%bol
3999GH0Mgd0m sHYb9gb (Molecular cell biology, Lodish et al, 2000).

599056 250mdobotg, HGF 5430306090500 abol derm3omgdol 9909y dg30Lfagago
03000l YRMHIOIOOL  3OMWORIOOEFONWO  5JGHOMOMOOL  33WoEgds.  ©30dwol
30LEMMJ0B9dBH™MboIoL 3300w gdgdolL  FgLogIBYOMO®,  MOZWIF0MZIIS©  BIZoGIMIYD
063543160 ©5 JMwgliGsbmcmo 030dwol Jumzowgdol ozMMlzMm3wEo sBswoBo. lEsmgdby
3,45 §o6dmpqbowos  ©30dwol  30LGHMmoMJoBdgd@mbogol  sdbsbggwo  Fo3OMBMEHMYdO
(Logmb@®mMmeom, I Loggwro s II Lyggeo xawBoL 3bmzgegdo, dgLsdsdols).

d9-4 LYYEWNDY FMEgdNWos 300390 BSEEIWO  XAMBOL  3BM3gGOOL  ¥30dwol
Jumzool  BmG™MYdo,  Los3 39O  BBL  JmegbGobolmzgol  @sdsbsllomgdgwo
30LGHMINORMWMY0s.  390dm,  LObMLMOEYMO  3530wsMgdo  Fg30HM™M39dME0s, oD
3000l foogl 89bseBMbgdmwo  5d3l  MoosMo  sMJoBgd@mbogs,  3935G™E0GH9goolL
©99¢3LM0s 0656B1693L 0306 LEGHONIGHMEOL (LMEBSMO 4).
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L5000 7. 063G 3bmggmgdol 30dwol 3obGmsmdodgdBmbogs; @3oderols
3569674085 (©.3.); ©30dob 39b¢®sev®o 39bs (©.3.3.); 3) yooYds 4x10, d) 40x10.
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0) o)

byy@smo 8. I Lygwgmo xaMBol Ebm3zgwgdol ®30dwol 30bEHMIMJoBHIIBMD03s; ©
doGMBMMHo Boganegdo (3.33); ©30deols 396G 3965 (0.3-3-); 9) @90gds 4x10,
d) s @) 90x10
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65000 9. III Xax8oL 3bmgzgEgdol 3000l 3olEmamgodgdémbozs; s doGmbmeo
8030900 (0.93); ) 350Yds 4x10, d) s ) 90x10

II Loggwo XFMNBoOL 3bM39eddo, 3000l F03OMLIM3MO BWMEMSMO  ¥Y(33WI0d
306390 LOEPIW XAMBSO FJsMgdom. T9bsMBRMBIdME0s MOYBML  GooswmEo T9bgds,

LObMLMOEgdOL s ©30dWOL  BoMRBOEIIOL  VYOOIODMBS,  3935BHME0GJOOL  BH030vYMO
LEHOYIGHYOS (YOO 5).

do®mby@o obpgdlio %o

NN
]

Joegl@gobo 4 ©wmg Joegb@sbo
4omgtoblododm@o

boyesono  10.  JmegbBosba® ®30dwdo  MxMgEgdol  JoGmbMGmo  sgEBomdMmdol
33ogds c-Met 0630d0@ ™Mol Bgdmgdgogdol 399wgy

L650900056 BsbL 55939, G039 L3I0 XFMIBOL (3bM39wgdOL V30dEOL 356096J0d5d0
30GHMBMMH0 BodM9d0. Fom0 MroMPIbMdM030 FgnsLgdoLbmzol IMzsbObgm 3meboioby®o
30@MBMH0 0bgJLoL goblisBrzMs. 39EHezIHBYMHO JoGHMBMOO BOYFMMIOOL IMZErOl F)IYP
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506, ®MI 39353M (3037008 BOOL BoJBHMOMOL M9393BHMOOL 0b3000MYds TNGMYMBIgE
B99393w9bsl 9bIbL 39353M30GJOOL 3OMELWORIMS305DY JrnwglGsbMe ©30dwdo. 39MHdm, 11
LogEIWO XyMNBOL 3bM3gwgdol ®30dwdo I LosgEaw XAMBMB FgsMmgdom doGmbmeo
06009JL0 ©sbEMmgd0m 50%-001 3¢gdEMdl: 7%o+1 o 15%o0+1.3 GqLedsdolo (bvye. 10)

O0amO3 Bgdmom 503603690, 39353HM30GHIO0LM30L  godMsgergdsdo  (odyzsbo Mmoo
396937036905 39353™303J00l BHOL BoB™m®L (HGF) (Benvenuti & Comoglio, et. al. 2007). sby
9525005, dobo  3mbi39bGHMoE30s BofformdMogo  393539d@™B00sb 1-3 Lssmmdo dwogH
0DMEYds. M9HYJ300056 60 fmmdo 0bMYds dolo MY3a3G™OOL — c-Met-ob 9Ju3MHgloss
(Michalopoulos, et. al. 2007). c-Met knockout 5339030 ©30dob bsfowmd®mogo MgHgdsool
990009, IXOIOM  303wdo  dgbgols s Gi1-sb S BBSTo  Jooligerol  gugdbgds
390603690mqs (Borowiak et. al. 2004).

B30bL dogH Borgdmeo 8999006  AsdMIEObsMgMdL, ®md c-Met M9;393GH™MOL
063000@M6OH0L Bg0mddggdol 99900y, ©o0dwm3s HGF woysb®gisgd@m®mremo 3033¢gduol
0oM0mddbol  3Mm3glo.  dglsdsdolo, Tgxngdbs  JmwglEBsHe  ©30ddo  YYRMHJOIOOL
3996530900l 3OHMEgLO S 390N o0 FOGHMHBMOMO 5dBHOMOMDS. 53539 OMUL, OHMAMEO3
339 H9gdmm 0gm 50b0dbme0, 3OHME0BIMI300L INEMYMBZ0L BMEDY 30dwdo Lbgoalbgs
3m0EM®dI0L 39353ME0GHJO0L MHoMmEIbmds 56 033wgds 0b30dOGHMMOL godmygbgdol  d9dwgy
JOglBoBosh b3z gdmsb  Fgodgdom, Mo3  Fgloderms  soblbsl, odom,  OHMO:
30300 HBs300L  3OMEgLO  JMEglEBIHBME  ©30ddo  Bbgs  Lobogbswrm  gBgdom
BomhMbgds ©s/o6 HGF-ob 30b3500M0 aBs 96 Imbsfoegmdl 030dwol  wxMggdol
3 03Mm0E0HBs300L 0bogocmgdols 3tmgldo.

3.3. §meglidsbme 030d¢do 3¢rmMmoEMdOL (33wowgdols Iglfsgers MEK 1/2
3ool 0630306930l 9999y

MEK1/2 oo ERK1/2 Lsbogborm 35535000L 15335600 dmangzagemss, 0yo Logbsenls Raf
3OOoLOLsE 00gdL. ERK1/2 Lsbogboswwrm abs, ©®golsmgol 8oBbgmemos Hmam yzgmsbg
3d@o3M0 MxMgEolL 303wol BsdMm39wo 39135 900sb, sdo@Gmdsg 96003b6gwmzsbo ogm
50b0odbmaro 4bol dmbsfoergmdoll sygbs MEK1/2 ool 0b30doMgdom, Moysbsi C-met
©9393GMO0L gom0d30LsL Tgboderms ERK1/2 355350000 259dGH0wemgds sen@gmbsdomwmo gbom

dmdbsMoygm.
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4m39¢039 bgdmom 50b0dbosb 3900m30bsmy, 39353™ 303900l
3003 m0obs3osdo ERK1/2 Lsbogbosarm gBol dmbsfiorgmdol sboagbs, godmgoygbgo
MEK1/2 ool 0630803H™m®0. 3bMm39eq00 06395300 bsd xawns©: I LyzmbGHOHmEwm Yamao -
0b&>IHO0 3bggErgdo; IT -3060390 LEEIWO XBIBO, dMZILIO0, OMIJLMG FITIZINWVI0
Bowgol LogMomm bsobsdols (BLL) woaomgds; III - Igmeg LogEIWwo XJMRBo - 3dbmzgEgdo,
Omdgemsig  BLL-U  ogoMgdosb 20  bssool  99dgy  gom3gmso  MEK1/2 ool
063000@ ™60l 0609J30990. ©0gmOOoL gmgMol bs@zmbol 306MHMdIddo Mm3gMs300sb 48
Losool 89909y 1sdo3g XaIBoL 3bm39wgdl BomGHIMOIm 0939303930, 3935G™E30GJOOL
0DMwoMmgdol Jobboo 30dw0ol Jumz0o 5dM339000L 999 IMMO3LYdWO 0gm BMLBSEOL
33960 blibs®do.

Mx9009dd0 ©b3-U Mom©gbmdol Fglogslinders®  2odm30ygbgm  Fomegagbols M9godios
Lmé.  5).  39353™3E03Jd0L  3e0moEMdOL  (33¢00egdsl  ZLOBOMIZE0m  3MB30UYBHIOHICO
36MHmyMsdoo - Image J.

B396L 8096 Bo@oM9gdMmo 3330l 999930l 9b5eroBds g30P396s, MMI  0bESIGHMO
3000593900056 99569000 bs03wol LogMHmMm LsEobsMOL o0Y0MYIO0B 89-2 YL 306390

LO3EIO  X3NBOL  3bmZIEgddo  83390M0@  830OEYLS  EOILMOEYOO  YXOIIOOL
omgbMds. 39MdM, 3500 35839690900 0bG9dEHm0 bMm3zgwgdol wgodedo 950y9bL 50+5.5,
boom JeemgbGobosd 2 ol 999y 30 ©sbEmgdom mOxgH I3060H©Ids (25+2.67). 53539
QO®, 0bGIHNO  3bM3ILYOMD FgsMIBom 306ZIwo LIEIO XFIBOL 3dMZIwgdol

03000l 3569bJ0dsdo 93390005 0DBMHYdS BYEHES (4c) O MIEO3ErMmoEwIO (8c) X MHgIdOL
50M96Mds.

Lo3mbGHOMM™  XaMx3ol 3bmzgwgddo, GMmAMGOE 3bOHOWoEIb BbL, 4c JHMIMbmIoL

3993390 MXOIJOOL MoMEIbMds 895090l 45+5.3, bmwm 1 LBsEggwo xR0l 3bmggwgddo
30 63+5.88. 8c JOHMIMbmIol 99833900 MXMI©IO0 56 235309ds Lo3MbGHOMW™ 3bmggwgddo

boom [ bsggaro xan0l 3bmggargddo 3500 Gomgbmds 895wqbL 1,4+0.75 (gbGowo 2).

gbGoo 2

030d¢do MY MHIIIOL 3rMmoEMdOL (33¢r0gds MEK1/2 (30¢ol 06303069300

©63-1

BomPgbeds 2c 4c 2cx2 8c 4cx 2
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06@sJH @0 50+5.5 45,2+5.3 4,9+0.85

Joegldsbo 25+2.67* 63+5.88" 12+4.22 1,4+0.75 0,5+0.19
2 ey

Joegbpsvo 3415.31 58+4.76 8+0.47

Qewg)+ 0b3odoGHmeo

396Ub3539010 993900 sgoJloMs II LyEzIo XFMBOL 3bMm3zgEwgddo, MMIgemas
Bowgol  Loobs®ol  woa0Mmgdosd 20 Lssomol d9dgy  om3gmse MEK1/2  gowol

063000@™MOL  069930900. 069G  3bM39wgdmb  Fgsdgdom  Lo®mfidmbmeo 9di0Ms

50q96Mdo, 34+5.31%-0009, beeom

©O3MOEIM0 MY OIIOOL 396Jdm,
GIA93M0EMMOLS 30 3000Jom - 2o0BsMES 58+4.76%-000g. Go 999bgds mdBHodwmome

XML, 0O LEGOHNMP 5O FMO3M3905 V30d ol 356gbJodsdo (gbGHowo 2).

Log©5Madms MHmd I o II Lsgowo xamzsolb 3bmggewgdol ©30dedo  GmymOs
©O3MOEIM0 MXMIIOIOL 51939 GHYGHOSWMOEMOO MXOIOIIOL  MroMmIbMdIdL  dmMol
Lo®HIMbm AoBLbZs3gds 50 godmgzgeobs (bmM. 11). 39Mdm, Bowgol Loghmm Loobsols
WoR0MH00s0 39-2 ML, MM039 LS3EIWO XFMNBOL FbBMZgMS 30dwdo, MmymME d9-7
LOombg  dmyzsb0mo  0syMsdgdoL  sbsgrobo  g30P39690L,  gMMbI0GMS©  31gdEMBOL

©O3MOEMOO MXOIOIO0L F993390Mds s 0BMHIds BB MOENHO 3935FBHME0GHJO0L
500©0bM0ds, o650 LoYMMOEPIOMS, OMT MdEo3ErMmoEIM0 MYXMIOIIOL MoMmIbMds Bl

DOM@EYdS I b53EICo X3BoL 3bm3yErgdol @godwwdo.

3309308 9900939000  250mdEobstrgmdl, Mmd MEK1/2 0ol 0630d0@m60l
0bgdzogdomn  MEK1/2 351350099600 2B0L denm3o®mgds sbgbl bgyegagbsl  Jmmqlidsbme
©30dwdo 3935330300l 303 moEobBsgool  3Omi3glby,  3ghHdmo 30 ofj393L
MgGo3XM0EIOH0 MXMIJOOL Fo0dmddbols derm3069gdsL.
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0 i
2C 4C 20X2 8C 4CX2
3ermogmdsC

bmEomo 11. Joerglidsbm® mz0dwdo MxMmIEIO0L dermomdols 33¢romgds C-Met
0b30d0@ Mol Bg0mJdggdol 990y

3.4. JmeglBsbme ®30d¢do JoEMBYMO 53EO0MGMBOL (33eogdol
dgLHogers MEK1/2 30¢mol 0630d06Mgdol 390092

MEK1/2  gowol o0b3odotMgdom, ERKI1/2 Usbogboewrm gbol  derm3zo®gdol 89909y
3930Lfo3g0 030dol MXMIEIOOL 3OHMWORIMIEF0WO 5JEH0IOMIOL (330w ds. 0300l
30LEM9MJoBgdBH™bozol  (330mgdgdol  TgLoBoligdsE,  M3I30M39w0©  BZ5GHIMD
06¢5d@Hmm0 @5 JMeglidsbmo w30dwol Jumzowgdol 303MmMZM3Mo sbsgobo. 0o oM
3961b35309g0MS 306390 9Jb39MH0TI6EOL F)IYI© F0MYOME0 IMbs(399930LOY6.

30@MBMOHO MY OIIOIOL MIMEIBMIM030 Fgg3sligdolomzol Imgzsbobgm 3mwboigobm®mo
30@MBMH0 0bgJLol goblisBrzMs. 39EHezIBYMHO JoGHMDBMOO BOYFMMIGOOL OM3Er0L F)IYS©
©op0bs,  ®md MEK1/2  gool  0b30d0o6gds o6  9mddgogdl 3935330300l

3OMW0gBIMH 305D JmeglBebme mzodewdo. 39Mdm, I s II by XMBgddo JoGMmbHBYOHO
0b6q9dLol 3sh39b9gdegd0s: 50%0+7 5 43%0+9.7 glsdsdols (bwe. 12).
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50
40
30
20
10

o

Jerergb@obo Jeergb@obo + MEK 0630do@meo

Lm0 12. Jergrglidsb® m30d¢do MxMgd0L JoGHMBMMOo sdGHoMM™dOL
33%0e9ds MEK1/2 gogols 0630d0@mémols Bgdmddggdol 399wy

3.5. §mgliGsbme ©30d¢do 3¢rMmoEMdOL (33e0gdol dglfogews JNK
Lsbiogbognm 3Bol 0630d0Mgdol 909y

JNK Bsbogbogom 35135000 96Hm-9600005 30¢Myqbgdol g8s5gG0cMgdgmo ybgdosb, dolo
doMomoEo dmeg3megdos JNKI1, JNK2 s JNK3.  Bg9bmzol Losob@gmalem ogm m3o0dwols
X OIJO0L 30300 HBs30sdo  JNK Lsbogbsenm aBbol dmbsfowrgmdol @oygbs. 0
doBboom godmgoygbgo JNK gowols 0b3odo@m®o (SP 600125).

33900 ©53953000 15T X3 BOQ: T Lo3MbAOM™ Xa7IB0 - 0bGHIHYO0 FbmzgLgdo;
II -30639@0 bH3EIO XV 3bMZILIO0, OMIJLDG HIIINEID  bowgEol LogOm™
LoOobsMol (BLL) ogo®mgds; III - dgmeg LogEIWwo XFIBo - 3bM3gwgdo, GMIgwmsgz bLL-b
W0R0M00050 2 EEoL gsbdsgzermdsdo go39m©om JNK 30¢0ol 0b3odo@mmol (SP 600125)
900X IO00  0bogdsogdo  (19y/33-b9). ©0gmool  gmg@ol  6sG3mBol  30MMd9dT0
39653006 48 Losool d98gy L3039 X3MBOL (3bMZgEgdL BorBHIM®OIm ©YII30EIB00.
3935¢™303900L  0bmwoMgdols  Jobboom 03000l Jbmzowo  sdm339m0L  d909Y
33690 Mo 0gm  BMLBSEGOL 3BIOHE blbs®do s Bgdmm sefgdowo IgmmEozolb
056535 359D5©I0OM 369356153 JOL BIMOO Mgod300LmM30L. 39MHIME, YYxMYIddo ©EHI-U
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