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J1m ~ nt fEJ ~ xt J1m _tEl gm }j§ :1:~ m B~ ~ Prftj 

lZ ~ 1;;-% ~ ~ tJL ifftl 8~ ~ ~ 1iff Jt 

[ ~~] § tr.J ~ii!lh .:::: ~t 1!1 T ( ITF ) xt Jlh ...t ft ~ lffi!Jtm rmfJ B<J~ P[Pj 1ft. PJ ~~ B<Jfj)j -'%~~:tTL l!iU o 

1H! ( 1) :5f~L11Vf~ Wistar * ~ i3<J Jlh ...tIt ~Bl Jl!i! Jl~L :5t§}rj JIH~ .it :1g 0. 0 I , 0. I 0, I. 00 , I 0. 00 f.Lg/ ml 

B<J ITF JI!U ~~ J!!i! &t ,!2A Mtt;5 it i'td~~ }E Mt ...t ITF ~ f$: ~ 1J! !1Ji lJi El ~ ~ ( TP K ) $ •Jj: B<J 1f: ft, ~ ITF ~ f$: 

TPK m·/1:~ litfl{ll fP iE 11\'xt P.~ o ( 2 ) f$:7r :l:t'i~ Jih ..tit ~lffi!t* l EC -6, HJI:5HBJ J!!i!fP :1>J iE 11\'x>JP.~ d lii:5HBJ Jl!i! 

ffl I. 00 f.Lg/ ml i3<J ITF itt1-TJI!U ~ ; $:5HBJ Jl!i!ffl tHU~ m 1-t li El ~~ ( MA P K ) *Mi i3<J 3 f'!1 ~..lllt!TJ'flj­

PD098059 ,SB202190 ,SB202474 :5tJJIJ itt1-JJ:jjj:$1Jll!fci , tJO A I. 00 f.Lglml B<J lTF o *ffl Jm.tif-ic MiJ .Mlll\t i!lE Jm 
*t~'{f( 3 H-TdR )~A/'!,W,~_t~~#:;/f?!:$1J.lllfci, IEC -6 B<J DNA it-Plt$"& MA PK $·/j: B<J'!'f:ft o 

~* .!=JiE11\'xt P.~ .t1Ht, t£ ITF B<JJI!IJ ~T , ITF ~ft>:B<J TPK m·/1: J EC -6 B<J MA PKs m·/1:"& DNA it-Plt$ 
!ti]H)L~.Jtj\!lj( P < O. OI ) o ftffl PD098059 fci. ~~~ ~llli lt!T ITF B<JfciM # fP ffl ( P < 0 . 01 );-ftffl 

SB202474 ~~ $:51-~{~ it:fPffl, ffif{~ ffl SB202190 ~::fl*::f H}j ~ o ~it :tno~ ITF ±~ :ii!i :ii ~ J!!i!7H lii 

-'%iJW\1~~ ( ERKs) :i£1H~:i!lffi!7H;;r-'%, {IE itt ~ lffi! Jtm o 

[ ~-~ 1 Jlh .:::: ~t i!IT- ; ~~*r<Ii 1tlis~~ ; f~-'%~~ ; !lh...tJt~mlffi! 

Experimental study on the effects of intestinaJ trefoil factor on intestinal epithelial proliferation and its signal 

transduction mechanism PENG Xi , WANG Shi-liang, YOU Zh ong-yi , WANG Pei. Institute of Burn Re­

search , Southwestern Hospital , State Key Laboratory of Trauma , Burns and Combined Injury , The Third 

Military Medical University ,Chongqing 400038 ,P. R. China 

[Abstract] Objective To explore the effects of intestinal trefoil factor ( ITF ) on intes tinal epithelial 

proliferation and its possible signal transduction mechanism. Methods I ) . The intestinal epithelial cyto­

plasmic membrane was isolated and harvested from Wistar rats, and it was treated with various doses of ITF 

in the concentration of 0 . OJ , o. 10 , I . 00 and 10 . 00 ug/ ml. The tyrosine prote in kinase ( TPK ) ac tivi ty 

fro m cytoplasmic membrane ITF recep tor was determined by membrane-bound method. 2 ) . The intestinal 

epithelial cells 6 ( IEC-6 ) cultu red in vitro were employed in the study. Some of the cells were used as nor­

mal control, while a group of cells were stimulated by I f.Lg/ ml ITF , and others were treated by PD09805 9 , 

SB202190 and SB202474, respec ti vely. The last th ree agents were inhi bitors of three members of mitogen-ac­

ti vated protein kinase family ( MAPKs) , i.e. extracellular signal regulated protein kinases ( ERKs) , protein 

kinase p38 ( p38 ) , and stress-activated protei n kinase ( SAPK). They were used before the addition of 1 f.Lg/ 

ml of ITF . The changes in DNA synthetic rate and the MAPK activity of IEC -6 after being treated by above 

agen ts were assessed by 3 H-TdR incorporation method . Results ITF receptor possessed TPK activity. 

TPK activity of ITF receptor , MAPKs activity and DNA synthetic rate of IEC-6 were increased obviously un­

der the stimulation of ITF ( P < 0 . 01 ). The above ITF effects could be evidently blocked by PD098059 and 

partially attenuated by SB202474 . But SB202190 showed no effec t in th is respec t. Conclusion ITF could 

promote intestinal epithelial proliferation and transmit extracellular signals mainly by means of ERKs signal­

ling pathway. 

[Key words] Intestinal trefoil factor; Mitogen-activated protein kinases ; Signal transduction; In­

testinal epthelial cell 
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fll p38 ~!W c 3 1 ] i¥J11]Jjj;ijjflj-PD098059 ,SB202474, 

SB202190 xt ITF fJE ~m f)@~ ;m f1= ffl i¥J ~ IIIIi] , :f<JJ Zf f* i•J 
T ITF fJE nHm !I§~ :m i¥J f]§f l% ~ -Wf tJl ffjlj o 

~ M ~ 1J 5! 

- ,~JI§*~]?(j:~iJ\jflj 

r E c -6 ~m !I§ :1* rn t:f oo f4 '*= 1~--G __t tHt ~m !I§ J'Jf m: f:Jt ; 
1Uil!Jm = ~t ~ -T ( r!TF) El31t ~ NOVO 1jJf Ji:I!Jt Thim 

~~ l~U~I; PD098059, SB202190, SB202474 W;j § ~ 

00 Calbiochem 0 PJ ; ~~~iff B ~ !W ( TPK) ~ i911J ·IJ\ 
jflj 11;. W;J § ~ 00 Prom ega 0 P] ; 1ii! ~ m~ ~ tt iff B 

( MBP) W;) § ~ 00 Sigma 0 ~J; 'Y-
32 P-= ~ ~ ~ tf 

( ATPH~ § ~~ J~CIIf*¥0PJ; DMEM ~m!l§±tf;J'f£ E13 ~ 

¥~ ~ ± tt\ 0 P] t'i: f:tt 0 = ,j]rt:; 

I. MJ __t &: ~!I§ i¥J 5t 1*\ :{~ ~ W is tar jc ~ ( 2fs: 13(: 

~~7%fJ!lmt:f,L')6 P,,f* ]!! 180-200 g0 ~jc~;j\ 

Jim ,ffl PBS ( ~ lt jj 0. 01 moi/L, r ii'IJ) '*tJt.lim Jti: 3 

0z o ~!JmiROO>'~IfJJ§ ,ii.A PBS 1l.3H\ !Jm)E I~L WJ 
!4\iii!itL€ ,J]!{A~*T PBS E!<Jiftmit:f ,Jit~Ullit&WI*J, 

T 37"C ,150 ~/min 1*1& 5 min, ~~jf~ iff;mi pq ~ f* o 

]l!~__t~~f1=2{Jz o ~#3{X~f1=J'Jf~~i¥J~f*, 

I*\'L'*1~7 cm,2000 r/ mini*\'L'5 min 0 :ff:__t¥ilf,.JI} 

ffl PBS tJt 1JL ifE 2 ~~ , F!P 1~ M1 __t &: ~m f)@ o 

2 . Jim __t &: ~m !I§ 1m i¥1 ffj!J * : ~ M1 __t &: ~m !I§ , 1m A :IE! 
:1: i¥J l:iil ~ ~ '* ~ A [ 50 mmol/L tris-HCI, pH 7. 4; 

0. 25 mol/L I;W, tm; 1 mmoi/L = m ~ tm M ( DDT) ; 

0. 25 mmol/ L Z... = M 1m Z... ~ ( EGTA); 1 mmol/L ~ 

If! £~jHlil: ( PMSF) J '-)::] #!:.}§' ,4 "C ' 1 0 000 X g 1*\ 'L' 

10 min o ~__t¥ilf ,4"C ,50 000 x g 1*\'L' 45 min o ~tJL 

TIE, ffj!J ~ ~ ~. m.:f a~ tW, ~ ~ J.t ~ J.t < 37o, 41 o, 

450A8o g/L)r 40C ,87 ooo x g 1*\,e,, 2 h.~~ 37o 

-410 g/L !Jf- 00 i¥J m Jt, ffl ~ '* ~ B (50 mmol/L 

tri s-HCI,pH 7.4)8f1'Hm~€ ,4"C ,27 ooo x g 1*\'L' 

20 min o 1JLifE:hOA:iE! :I:il '*~ B :itt1iMifl'i~:7t~L 

*=ffl Lowry r!iWO£iff8,iJWTiiffB~J.!tj;J 2 g/L, 

-30"Cf*f¥,1 )j!iji*JiY!H£1Wffl 'I~L 

3 . .:f IRJ ~ J.!t ITF xt Jim __t &: ~f)@ 1m TPK ffl tt i¥J 

~Uio.J: ~ !Jll.. Harald ~ [ 4 1 1¥JjJrJ:;;jW1JJE 0 §)tjW~JE~}!@ 

1m TPK ffl tt i¥J £1iiliffi, .JI}~ ~ :1: i¥J ~m f)@ 1m :)t ~IJ -'=§ J9l: 
:I:~J.!t 0. 01 ,0. 10, I. 00 , 10.00 J..Lglml i¥J ITF 11'1!.~, 

25"C f*i'/Nr 30 min, i!iR J§'iW~ Ji::Jm~ -1* TPK ffltL ~~!f 

~:W: ~ ITF JllU ~}§' i¥J ~m JI§Jm TPK ffl '11: - ¥MI ~ ;:{§ 

r~JI§!m TPK fflttJ'Jf1~1¥J ~ {i[*~ ,lf!f.ll:JJ pmol · 

- I · - I mg · mm 0 

4. IEC-6 ~m!l§lf!Fzf±trrf: *ffl*f*fJ~:)tl/& 10 % 

;j\.!:j::lfn.¥i!fi¥J DMEM ±tf;J'Ff~.T 37"C ,f*fR:7tl/& 5% 

co2 ~dl'r ±tr rF, ~m!I§M~ JJ lf!Fzf Jl5 m .:r~~ 0 

5 . .:fiRJ~)jt ITF xt IEC-6 ~m !l§ DNA ~ ~$1¥J 

~ ~~~J: *=ffl Jm.tffii2H(ijj~ ~;f!iEJm-~tl' ( 3 H-TdR) ~A 

7-E: o ~cffj!J ITF-DMEM ±ti;J'F~(ITF jJ 10 J..Lgl ml) .~ 

~:)t~IJfffl~~ 0. 01 ,0. 10 ,1. 00 ,10. 00 J..Lgl ml4 f'P~ 

J.!t , - 20 "C f* ff * ffl o 1'1): IEC -6 1M!~ jJ lf! Fzf }§' , '/t ~_![ 
Y~ f-Um !I§, ffl __t ~ .:f iR.l ~ lt i¥J ITF -DMEM ±ti ;fF HH~ 

1Hm!l§~ltJJ 1.5 x 106 / ml o ~~m!l§~r~t~f!Pr 24 

:rug rF ;f,& t:p ' & ::rL 2 ml ' iliR Fo 1m A 3 H-Td R ( 3. 7 X 

I 04 Bq/ :fL) 'T 37 "C , f* f_R 7t !/& 5 o/o C02 *- f4 r ±ti ;fF 

I 2 h o ~ :fL ffl; i¥J ~m !I§ tt£ tt£ llX tT r * , ffj!J ~ ~ !I§~ ~ o 

J=!Ht ~ PJk ~it~~ , ~ #Hluj( tJt 3 ~~ Fo , ffli* fR 7t !!& 
5% i¥J = It Z... ~ liD JE ~m !I§ , .JI} ffl 3 ml 7C Jj( Z... M MHt 
JmJ]( .~?JgJt~r ,80"C i~T ,1miAJ~~ 5 ml ,U!1i¥~ 

f;} IAl ~it!/& o 4l:f f!P IT F t-& J.!t 1!r I 0 :fUm !I§ , # i&( lE 'ffi· 
IEC-6 ~m!I§JJxtP.~ o 

6. ITF & 3 #~il.i!JT1fiJ xt JEC-6 ~m!l§ DNA~~$ 

i¥1~ uio.J : ~ IEC-6 t~f!P r 24 :fL;f,& t:p ( I x I 06 / ml) , f~ 

~m !I§ 1M~ E , ~ ~ Jt JJ lE '/t xt P,~ ill , ITF m , ITF + 

PD098059 til , ITF + SB202190 ill fll ITF + SB2024 7 4 

~il , 4l:f til 12 :fL o lE 'it Xl P.\Hil.:f :IJO ff fij Jill]~ o ITF m 

JJ :ffll. 00 J..Lg/ml i¥J ITF JllijlJ!{~m!l§ 30 min o }§' 3 ~ll 

JJ: ffl 3 # ~il.ltJT Jfl] ( ±5) jJ 50 J..Lmol/L) xHm !I§ :5-} ~IJ ill 
1il:iil :tl JJI.[, B;f i'BJ JJ 60 min o !liR Fo ~ i~ , :IJO A ITF 

(I. 00 J..Lgl ml) ftffl 30 min o ~__ttrm:tlJJI.[Bt, &:fL 

t:f:IJOA 3 H-TdR 3. 7 X 104 Bq 0 :tlJJil.~J!iJRE ,~:fLffl; 

B<Jtrm~J!§tt£tt£11Xflr*=.~~~JI§~~ o ~~:tl 

JJil.IR.I 1f ¥! 5 t:f i¥J ffi J:!iZ tP- !ElL 
7. ITF ]?( 3 f!P~il.i!JT1f1JX'f IEC-6 ~m !l§ MAPK ffl'i1: 

B<J ~ ulo.J :~ IEC-6 *f'Pr 96 :fL;f,& t:p ( 2. 5 x 105 / ml), 

f~ ~m !I§ 1M~ Fo , 7t JJ 5 til ( 7t til 'ti!f 6L , 4l:f til :fL !/& , ITF 

& ~ii.WT *'l B<J r-& J.t , :tl JJil. at rBJ & 11 ¥! ±5J IR.I 11 ¥! 6 ) 0 11= 
ffl~J.RFo, :ff:±trrf~, ffl PBS ~tJ\:~m!l§€, :IJOA~JI§ 

mfflif.~ .~~tP-JW~ mx!W\ [5 J 0 

= JrEit~:7tt.R 

1/&tiH'J. x ± s *~ ,J:!\Zffl$Tffi~f47c~ PEMS ~ 

J=f§1iJf!~~1J&JttJT;ftJ q ~® o 

~ . 
I. .:f 1RJ ~ J.!t ITF xt Jim __t &: ~m !I§ 1m TPK ffl '11: i¥J 

~ II~] :-'=§Jim __t &: ~m !I§ JDt TPK ffl '11: B<J £ liili {i[ ~~ ~, ~ 
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J!Ch 0 0 I 0 - l 0 0 00 f.Lgl ml 8~ ITF -"3 ~Dl!JPI Jm ~ [P] §!l¥ 1f ~li ttJf ITF :X;f MAPK ~ ~ ffl ( P < 0 0 0 I ) , SB202190 ,fll 

30 min ,@ , TPK nit£ HJ:j JiQ. ~ (i11J ( P < 00 0 l ) , JR.* l o SB202474 X;f ITF 8~ ~li ttlffF ffl /G HJ:j JiQ. ( P > Oo 05) , JR. 
* I ;:f I~~ It ITF' :X•t !1m L Bz giH Jjj;J~ TPK 7-6'1'1: 1'8~ n(<ij ( x ± s ) * 3 o 

Tab I Effects of different concentrations of ITF' on * 3 ITF' ffi. 3 ;fojl ~JlltlfifiJ :X;f I EC-6 M A PK f,1j tt i¥J Jjl~ ll(<ij ( x ± s ) 

intestinal epithel ial cell membrane TPK activity( x ± s ) Tab 3 Effects of lTF', PD098059, SB202 190 and SB202474 on 

ITF ~!Jt ( f.Lg/ml) :ft:ljs:~ Jlm ..t &:ffillffil~ TPK ff.'i'J ( pmolo mg -•0 min - I ) the change in MA PK activity of IEC-6 ( X ± s ) 

0. 0 I I 0 2. 17 ± 0. 08 
0. 10 
I . 00 

10.00 

10 
10 
10 

3.72±0.29 ' 
5. 29 ± 0. 46 . 
5.37±0.59 ' 

i:E : ~ !lm..t&:ffillffillll<! TPK t.'ii'tli<HHt!:(J[ [ ( I. 88 ±0. 32) pmol o 
mg - 1 o min - 'Ht~. * P <0.0 1 

20 _:f[P]t;&)Jt8~ ITF X;fiEC-6 DNA itjjj(;$~ :1;}~ 

ofliJ:-"3iE'/it IEC-6 tU3i:,OolO -10000 1-Lg/ ml 8~ ITF 

~~ll,ijJIQ.:I:IW1JD IEC-6 ~DNA itjjj(; $ ( P <0001) ,;J'tl=j=l 

ITF r;& 1Jt j;J I. 00 f.Lg/ m I Bt fF ffl l!B!lL PJ 1~ DNA it Jjj(; 

$:1:•~ 11D I. 20 {if , JR.~ I o 

~ 

-<: ~ - 5 

c '1.0 
0 :l. 5 

X 3. 0 
~ 2 -+- . ;) 

i 2. 0 
g: I -* ·" #l( 1.0 
:t'::! 0. 5 

* * 

* 

: 0~ ... - .... ---.------~ 0 0.01 0.10 1.00 
rTF ff'H{<fi C ~ g/ m I ) 

i:E :~ JE·ffi·x;fH!l ( O f.LglmiHt~. • P <0.01 
00 I /!'!"Jr./< JJ[ ITF x:t !lm _t_ lit ffi1 lffil :I')< IE C.{) DNA 15- nJt $ 

Fig I Effects of different concentrations of ITF on intesti­
nal epithelial DNA sy nthesis in IEC.{) 

30 ITF-.& 3 flt~littlf:ffiJX;fiEC-6 DNA itjjj(;$8~:1;}~ 

o[lij : ITF -"3 IEC-6 ~ [P] §llf 1f ~~ ll,ij JiQ. W: (i11J DNA it Jjj(; $ 

( P < 0 0 0 l ) o PD098059 ~~ HJ:l JIQ. ~li ttJf lTF X;f ~Dl!JPI 

DNA itjjj(;$~~o[lij( P <0001) ,SB202190 ,fll SB202474 

X1 ITF ~~liWffFffl_:fll,ijJIQ.( P >00 05) ,JR.* 2 o 

* 2 ITF & 3 f'HJlltlfjfiJ:Xt IEC-6 DNA i;-Jl.lt$.1¥J~n(<ij( x ± s) 

Tab 2 Effects of ITF, PD098059, SB202190 and SB202474 on 

the DNA synthesis of IEC-6 ( x ± s ) 

.iE'/ii"xHlUll. 
ITF !it 
ITF + PD098059 !it 
ITF + SB202190 !it 
ITF + SB202474 !it 

12 
12 
12 
12 
12 

2.57±0.34 
4.38±0.49' 
2.85±0.36 6 

3. 93 ± 0. 34. 
3.47 ±0.41. 

i:E: ~ .iE'/ii"xH!l !ittt~. * P <0.01; ~ ITF!iltt~. 6 P <0.0 1 

4 0 ITF lJz. 3 fit llli. ttJf JfiJ :X;f IEC-6 MAPK fti t£ ~ ~ 

o[li]::f:E ITF ~JliiJi!fF ,IEC-6 ~ MAPK ftit£1l,ijJIQ.~i'i11J 

( P <0001) ,~$~~ 2390 75% 0 PD098059 ~~ll,ijJIQ. 

!Jl'jjlJ !111/Jfi!rL~ /iJ(lJt'i't~ J'tf!-.J:/:lfdi·~ ( min - I )/ mg ~ B 

.iE'/ii" x;f!!!!!ll 12 553.25 ±75.83 
1TF !jl 12 I 880. 29 ± 385. 62 ' 
1TF + PD098059 !Jl 12 866.43 ± 102.30 . 6 

ITF + SB202190 !J1 12 I 620. 86 ± 233. 15 ' 
ITF + SB202474 !J[ 12 I 398 . 15 ± 281 . 59 ' 

~~~~llfii:f:EmMm~~~~~-~'i='mm¥ 

:til!. 1ft , m IE! xt iljJ( .lfil , iljJ( :¥1. + 7t flJ~ ~ , Y.. :!lk 1§. fit m Jll! IE! 
~~~~~¥~~1JPIZ- o ~~~~IJPIA~~M~ 

WH~ J±. *SI §£~tif ,~,IE! .Iit, ~U!A~tt5£ ~ § '¥~ 

1~~ ~~jJ : 6 J o iE'Iit~Dllff!!~:!:IWM~ DNA itjjj(;j;j~,~.~~ 

DNA ~it JJI,(;ttlfi£~~:$XM-&~~8l!JPI8~~Mttlf i£ o 

:2js:,PJf~9=' .~~*ffl 3 H-TdR ~Ai'!,xli!.~T/G 

[P]r;&!Jt ITF X;f IEC-6 DNA itjjj(;$8~~orliJ o ~*M 

~, :(:E ITF Jlilj~"f, IEC-6 DNA it Jjj(;$1l,ij JIQ. ~ 5£, ;J't 

~ -p::!x: r;& IJt j;J 0 0 10 - lO 0 00 j..Lg/ ml , r;& IJt jg 1. 00 1-Lg/ ml 

Bt fF ffl 1i5t: 5£ o IE! .Itt , iE 3 :f9l ~li ttJf Jflj 8~ j);; ~£! 9=' , g-g ~ * 

ffl 1. 00 1-Lg/ ml fF j;J ITF ~ j);; ~£! r;& J.!L _:k 'f ITF {IE 

m: ~ ~ ~ ~m!JPI ~ :Yli: 8~ m ilJIJ , § mr fb1 iljJ( ~ 1* A. .PJf 9i: , tif 

~:!ik~:k~m~~~~•~mi!!:ttX~ o ili ~ *· 

A 111 xt ~ -~ IE! ~ , ~fH IJPI IE! ~ iM m ;f§ biZ~ 1* , ~~ ffifi1 I 'ii. 
1i5t: ~1 ~ !J7)J -p::!x: biZ 8~ 1:P IBJ ~ 11 nr 11- T .PJf ~ , ~~ * * ll,ij , ~ 

M~m¥ 8~1§~ ~~~1:2-Ras-MAPK ,fll Janus 

~/W( JAK) -1§ ~~~-.& t~ ~ iMfti IE!~ (STAT)$ -"3 

T.Itt:i1l'i o ~ B iiEil,ij, ::k:$:5t~ *IEI~~~A~ 
TPK fti•l1 ,;Jtf§~~~~ Ras-MAPK :@i:f:£19 ~, [ffl$ 

~~IJPIIZ§~,fll$7t~*IEI~~'f;J'tlm~~iljJ(~~K 

ffl '11, 9, ~~~ :i1 JAK-ST AT :@i 1:2 f~J! f§ ,~, o IE! .Itt, ~U 
*~:i1~~:@i~WJ!mA,:k.:f:E'f;Jt.tm~~:!ikN 

A~ TPK fti ·I1 [7
J o :2js:1ilf~~*JIQ.~ ,:(:E ITF ~Jlilj~ 

"f , ~ ~ ~ ~Dl!JPI Jm TPK ffl ·111l,ij JIQ. ~ (i11J , m ~ ITF ~ 

£%Jmf§~~~:@i1:2PJ~~j;j Ras-MAPK o J:V!j);;~~* 

JIQ.~ .~ ITF( 1. op f.Lglml) Jlilj~ 10 min,@, IEC-6 ~ 

MAPK ffl•I11!P JIQ. ~ :ft- (i11J, Jlilj ~ 30 min Bt ~ ~ {i[, 45 

min B;f:lf ~€! "f [l1f, 60 min Bt B ~ ~ iE '/it, iJ?.Il,ij MAPK 

m~~~*~$-"3TITF~m~WJ! a 

PD098059 :,!'ik - :f9l ~Dl!JPI ~ ~ '11 , PJ j2\; :ff '11 ~ 

Q2xvdWRWZXJzaW9uLQo?
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MAPK ~M ( MEK), ERK f!l MEK ~ M ( MEKK) lt1J 
i!Jij}fiJ, PJ~~ltlli!JIJ ERK :illi~ mfxt p38 f!l SAPK 7[;~ 
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