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Abstract 

Growth factor receptor bound protein-2 (GRB-2) is a protein linking rcccptor tyrosinc 

kinase aod Sos (Son of Sevenless gene; Ras GDP/GTP exchangc protcin) , Icading to 

activation of Ras-mitogen-activé削 protein kinase (MAPK) cascade. So far , it remains 

unclarified how GRB-2 plays a role in signal transduction pathways evoked by 

hepatotrophic factors. This study was attempted to evaluate thc involvement of GRB-2 in 

signaling in rat hepatocyte growth. Using rat culturcd hepatocytes stimulatecl by 

hepatotrophic factors and regenerating livers after partial hepatectomy (PH) , we cX騏ninecl 

GRB-2-mediated linkage of hepatotrophic factor receptors to signal transducing mo]ecu]es 

such as Sos or dynamin-rr by immuno-precipitation and Western blot analysis. 1n 

primary cultured hepatocytes stimulated with HGF or EGF, GRB-2 linkcd HGF reccptor 

or EGF receptor, respectively, to Sos which will activate mitogen-activatccI protcin kinase 

(MAPK) cascade. 1n contrast, in primary cultured hepatocytes stimulated with insulin 

GRB-2 linked insulin receptor substrate-l (IRS-l) to dynamin-lI besides Sos. 1n thc 

early phase after PH , GRB-2 activated Ras-MAPK cascade by linking HGF receptor, 

IRS-l , or EGF receptor to Sos. 1n the late phase after PH, a complex of 1RS-I-GRB-2 

associated with dynamin-II , indicating that G RB-2 may transducc signals [rom IRS-l to 

dynamin-rr .明le conclude that GRB-2 may play a rolc in transmitting signals [rom 

hepatotrophic factors to not only MAPK but also Ilo other signaling pathways in 

hepatocyte growth. 

Key W ords: dynamin-n , EGF receptor, GRB-2ヲ HGF receptor, IRS-l , Liver 

regeneration , Partial hepatectomy , Primary culturecl hepatocyte, Rat hepatocyte growth. 
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Introduction 

While hepatocytes are quiescent in normal livers , they rapidly prolifcratc following 

stimulation with mitogens or the partial removal of liver tissu巳 .1 ， 2 In this rcgard , a number 

of growth factors have been identified , and considerable experimental evidence supports 

the requirement for HGF, EGF, and insulin in liver regeneration in vivo and in vitro J-H 

However, the exact mechanisms o[ intracellular signal transduction gencrated by thcse 

growth factors have so far remained unidenti[ied. 

Growth factor receptor bound protein-2 (GRB-2) has becn identified as a 25-kDa 

adaptor molecule containing one Src homology 2 (SH2) domain and two flanking SH3 

domains. り司 1() Using various kinds of celllines , it has been revealed thaL through the SH2 

domain , G RB-2 binds to activated growth factor receptors such as the hepatocytc growth 

factor receptor (恥伍T) 11 and the epidermal growth [actor rcceptor (EGF-R) 1 2小I or their 

ubstrates , such as insulin receptor substrate-l (IRS-l).1日 7 Subsequently , G RB-2 

activates' Ras by forming a complex with mammalian 5011 o}' Sevenless (Sos) , a r�'�

specific guanine nucleotide exchange factor ， 1 8引 leading to activation o[ the Ras-m�ogenｭ

activated protein kinase (MAPK) cascade. Thus , GRB-2 binding to growth factor 

receptors or their substrates may be an important step in activating MAPK cascade. So [ar 

th巳 role of G RB-2 in this cascade has not been clarified in hcpatocyte. Thcrcfore ‘ our 

study W (,iS aimed to explore the involvement o[ GRB-2 in hepatocyte growth using rat 

primary cultured hepatocytes and a rat liver regeneration model induced by two-third 

partial hepatectomy (PH) 
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Methods 

Antibodies 

Anti-Ì\伍Trabbit polyclonal antibody and anti-GRB-2 rabbit polyclonal antibody wcre 

acquired from Santa Cruz Biotechnology , Inc. (Santa Cruz, CA). ん1ti-EG F -R sheep 

polyclonal antibody , anti-IRS 目 1 rabbit polyclonal antibody , and anti-Sos rabbit polycIonal 

antibody were obtained from Upstate Biotechnology 1nc. (Lakc Placid ヲ NY). Antiｭ

phosphotyrosine mousc monoclonal antibody was purchaぉ cd from Lcinco Tcchnologie人

Inc. (Ballwin , MO). Anti-dynamin-II mouse monoclonal antibody was obtained from 

Transduction Laboratories (μXl昭on ， KY) 

H epatocyte Isolation alld Culture 

Hepatocytes wcre isolated from thc livers of 180-200 gr. rγléllc S praguc-Daw lcy rats 

(Kiwa Laboratory Animals Co. , Wakayama, J apan); thc portal vcin was pcrfusecl with 

Liver Perfusion Medium (GIBCO!BRL, Lifc Technologics , Inc. , Gaithcrsburg, MD) for 

10 min. at 23 ml/min. , followed by perfusion with Liver Digest Medium (GIBCO/BRLヲ

Life Technologies , Inc. , MD) for 10 min. Subscquently , thc livcr was cxciscd , and the 

hepatocytes werc detached. Isolated cells were centrifuged at 50 g, for 2 m1n. and 

resuspended in Hepatocyte Wash Medium (GIBCO/BRL, Life Technologies , 1nc. , MD). 

The cells were filtered , recentrifuged , and plated onto 75 cm': collagen-coatcd dishe~ 

(Iwaki G lass Co., Chiba, J apan) at a cell density of 1 X 107 cells. CeIl viability cxcceded 

90% , as determined by the trypan blue exclusion test. The cells wcre maintained in 

Wilbams) E medium (Dainippon Pharmaceutical Co. , Osaka, J apan) containing 26.2 mM 

NaHCO] , 10% fetal calf serum, 100 nM insulin and 10 nM dcxamethasone. Aftcr bcing 

placed in 5% CO2/air at 37
0

C for a few hours , the cultures were shifted to serum-frec 

medium and incubated overnight. 
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Treαtment of Cultures 

Recombinant rat HGF (Toyobo Biochemicals , Inc. , Osalω} 

(Sigma Chemical Company , St. Louis , MO) ancl recombinant insulin (Sigma Chemical 

Company , St. Iρuis ， MO) were dissolved in culturc mcdium at a final conce山川ion of 10 

ng!ml , 10 ng!mI , and 100 nM, respecﾜvely. Incuba60n of hepatocytes with each growth 

factor started after overnight serum starvation. At thc indicatcd times , thc cclls werc 

harvested ancl anal yzed. 

Partial H epatectolny 

A tolal of 55 male Sprague-Dawley rats (Kiwa Laboratory Animals Co・， Wakayama, 

J apan) , weighing approximately 200 to 220 grams , wcre houscd under stanclard 

laboratory conditions and providecl with food and water ad 1ibiflllll bcforc the expcriment. 

The rats were divided into two groups; 33 cxp巳rimental rats werc subjcctcd to two-thirds 

partial hepatectomy (PH) according to the Higgins and .A.nderson method ,22 and 22 rats 

were sham-operated at the indicated times. At the indicated times after PH , the rcmaining 

rat liver was rapidly exciscd to preparc tissue homogenates [or immunoprecipitation and 

Western blot analysis. These experiments werc pcrformcd accorcling to thc guidelines of 

the Committee on Experimental Animals of Osaka University. 

Immunopγecipitαtion α 1l d Western Blot An α lysis 

Liver tiss ue homogené:巾s and celllysates were prepared in Triton lysis buffcr [50 mM 

Tris-HCl (pH 7.5) , ] %Triton X-I00 , 2 mM ethylene glycol-bis (゚  -�:U11inoethyI cther)ｭ

N , N,N,N'-tetraacetic acid (EGTA) , 10 mM EDTA, 100 rnM NaF , 1 111M Na .j P20 7, 2 mM 

NaV04 , 1 mM phenylmethylsulfonyl fluoride , 25 mg!ml aprotinin , 3.5 mglml pepstatin A, 

25 mg!mlleupeptin]. These sampμlc凶s werc thcn su山b切Jeωctωcd tωo lmr 口mur∞p戸r以-c∞Cαi中pl江ta川川tion [ωωOω110 羽wcα“仁di 

b句yW巴邸st匂巴rn b凶10αt analysis as previously described.2:� Protein conccntration was dcterminccl 

using the BCA protein assay systcm (Pierce, Rockfordヲ IL). Four-hunclrcds mg o[ the 
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homogenates were allowed to react with anti-MET antibody , 駑ti-EGF-R émtibody ヲ anti

IRS-l antibody ョ or anti-GRB-2 antibody at 4
0

C overnight and incubatcd with protein A 

Sepharose beads (Pharmacia LKB , Uppsala, Sweden) to precipitat巴 the antigcn-antibody 

complexes. The beads were washed 3 timcs in Triton lysis buffcr. The 

immunoprecipitates were boiled in 6X concentrated Qucnch buffcr containing 60 mM  

EDTA, 44 mM  dithiothreitol, 30% sucrose, 6.6% SDS ヲ ~md 60 mg/ml pyroninc Y, 

separated by 7.5% or 15% SDS-polyacrylamide gel clectrophorcsis (PAGE) and 

transferred to PVDF filters (Millipore Corp ・ヲ Bedford, MA). The 111ters werc blockccl in a 

Tris-buffered saline (TBS) buf[er containing 4% skim milk at 4"C overnight, and 

incubated with anti-ph.osph.otyrosine antibody , �:mtﾍ-G RB-2 antibocly , or antﾌ-Sos 

antibody diluted in TBS buffer at 4
0

C overnight. Bound antibodies wcrc dctccted with 

l勺-labeled protein A (ICN Pharmaceuticals, Inc. , Irvine, CA). Autoradiography was 

carried out at -80
o
C for 12 h.' The time-dependent changc in protein exprcssion or TP 

relative to the initial level (time zero) was determined with. a densitomctcr (MCID imaging 

analyzer; Fuji Photo Film Co・， Tokyo , J apan). The data are expressed as the me駑 :!: the 

standard deviation for three separate experiments. 
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Results 

T. Experﾌlnents on primary cllltllred hepatocytes 

Tyrosyl phosphorylation of 凡1ET proteill , its associatioll with GRB ・ 2 ， and 

the association of GRB・ 2 w ith S os after fIG F stilnlllatioll in rat prﾏ1nary 

cllltured hepαtocytes 

First, we examined MET activation and its association with GRB-2. After stimulation 

with HGF, tyrosyl phosphorylation of MET protein was enh�.ffiCcd 2.5-[01d over thc 

initiallevel peaking at 5 min. (Fig. lA and B), and the association of MET protein with 

GRB-2 increased 1.6-[01d over the initiallevel , peaking at 10 min. (Fig. lA and C). Next, 

we determined the 出sociation of G RB-2 with Sos. Thc association of G RB-2 with Sos 

increased 1.5-fold over the initiallevel peaking at 5 min. a[ter stimlllation (Fig. lA and D) 

In this w ay , the association of ルffiT protein with GRB-2ヲ and that o[ GRB-2 with Sos , 

occurred almost in pa凶lel with the degree of TP of the ME汀 protein (Fig. lA) 

Ty rosy 1 phosphory 1αtion of EGF-R proteill, its αssociαti0 1Z H'ith GRB-2, 

αnd the associαtion of GRB ・ 2 with Sos αfter EGF stimulα tion in rαtprÌ1nαry 

cu /tu γed hepαtocytes 

TP of EGF-R protein was enhanced 8.3-fold over the initiallevel , peaking at 10 min. 

after stimulation with EGF. The association of EGF-R protein with GRB-2 was enhanced 

2. O-fold over the initial level peaking at 10 min. after stimlllation , and the association o[ 

GRB-2 wilh Sos increased 2.4-fold over the initial level , also pcaking at 10 min. aftcr 

stimulation. The association o[ EGF-R protein with GRB-2 , and that o[ GRB-2 with Sos フ

peaked in parallel with the state of TP of EGF-R (Fig. 2). 
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Ty rosy 1 phosphory lation of IRS -1 proteill) its associαtion }v ith G RB・ 2)

αnd the αssociation of G RB・ 2 w i t h S 0 s a f t e r i n s uli Il s t i nzulαtio 1l ill rat 

prinlary cultured hepαtocytes 

TP of IRS-l protein was up-regulated 1.8-fold over the initiallevel , peaking at 10 min. 

after s timulation , and returning to the initial level thereafter. Thc association o[ IRS-1 

protein with GRB-2 was cnhanced from 5 min. to 90 min ., pcaking once at 20 min. and 

again at 60 min. after stimulation. Furthermore, this association was Sll 只 taincd after the 

remission o[ TP. The association of G RB-2 with Sos was not cnhanccd , but a gradual 

dissociation of GRB-2 from Sos was detected after insulin stim山1tion (Fig. 3) 

Associatioll of GRB ・ 2 w ith dy nanzin-17 )αnd GRB・ 2 with IRS ・ 1 protein 

after insulill stinzulatioll in γat pril1lary cultured hepatocytes 

GRB-2 has previously been reported to associate with signaling molecules other than 

Sos through its SH3 domains. GRB-2 has been shown to bind ifl vitro and ill ¥'ivo to 

dynamin-n via its SH3 domains2�
-
2S

. To determine how GRB-2 may transduce signals 

from IRS-1 protein to dynamin-II after inslllin stimulation in rat primary cultured 

hepatocytes , immuno-precipitates with the anti-GRB-2 antibody were separated by SDS-

P AGE and detected by anti-dynamin-rr antibody and anti-IRS-l antibody on the same 

blotting. The association of GRB-2 with dynamin-lI graclually increascd ancl was 

enhanced from 30 min. to 90 min. after stimulation , while the a日 sociation of GRB-2 with 

IRS-l protein was enhanced from 10 min. to 90 min. after stimulation (Fig. 4). 
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I1. Experiments on regenerating rat liver αfter partial hepatectorny 

Association of MET, EGF-R， αnd IR5-1 proteins with GRB ・ 2αfter pαrtial 

hep αtectolny 

For consistency the association of 恥伍Tprotein w ith G RB-2 was cnhanced u p to 2.8-

fold over the initial level peaking at 4 h. a[ter P H. 

The association of EGF-R protein with GRB-2 was cnhanccd 2.3-fold ovcr thc initial 

level , peaking at 18 h. after PH. The association o[ IRS-l protein with G RB-2 incrcased 

between 1. 5ふfold over the initial level from 2 h. to 48 h. aftcr PH (Fig. 5). 1n contrast, 

no change in the association of G RB-2 with the 恥伍T， EGF-R , or IRS-I proteins was 

detected in the sham-ope凶ed control groups (data not shown) 

Associα tion of GRB ・ 2 with 50S or dyn α ，nill- 11 αfter partiα 1 hepαfectomy 

GRB-2 displayed dissociation from Sos at 0.5 h. after PH , followed by increased 

association with Sos that peaked at 6 h. after PH. The association 01' GRB-2 with 

dynamin-D also displayed an increase, peaking at 1 h. and 18 h. after PH (Fig. 6). 

However, no change in the association of GRB-2 with Sos or dynamin-jj was cletected 

in the sham-operated control grou ps (data not shown) 
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Discussion 

This is thc first report demonstrating dynamics of GRB-2 function in hepatocytc 

proliferation, especially in νiνo regeneration; G RB-2 converges signals generatecl by 

many hepatotrophic factors and transmits them to the Ras-MAPK casωdc as well as to 

other intracellular signal pathways. 1n the first set of experimcnts , wc usccl rat primary 

cultured hepatocytes to investigatc the role of GRB-2 llndcr stimulation with a single 

growth factor. 1n order to examine how G RB-2 is involvcd in inlracclllllar signal 

transduction after stimulation with mitogens such as HG F and EG F, or co-milogens such 

as insulin フ we measured tyrosinc phosphorylation levcls o[ MET, EGF-R, and IRS-l 

proteins , their association with GRB-2, and the association of GRB-2 with Sos aftcr 

stimulation with HGF, EGF, and insulin , respectively. After stimulation by HGF or EGFヲ

the corresponding receptor displayecl autophosphorylation accompaniecl by cnhancement 

of the link with GRB-2. The association of GRB-2 with Sos was also cnhanccc! under 

stimulation with HGF or EGF. A[terwards , the association of GRB-2 with MET protcin 

or EGF -R protein declined in parallel with the level of the association bctwccn G RB-2 

and Sos (Fig. -1 and 2). Thesc findings indicate that the association 01' GRB-2 with 

tyrosine-phosphorylated ~在ET protein or EG F -R protein may contribute to activation of 

the Ras-MAPK cascade. 1n contras し therc was no enhanced association of G RB-2 with 

Sos after insulin stimulation , but rather a gradual dissociation betwcen G RB-2 and Sos 

was observed (Fig. 3). This is compatible wilh the findings of previo凶 studies that 

G RB-2 binds constitutively to Sos even in the absence of cxtraccllular stimuli, and that 

insulin stimulation results in a dccreased affinity of Sos for GRB-2. ::-1.::5 1nterestingly, the 

association of GRB-2 with IRS-l protein was enhanccd and sustainecl aftcr insulin 

stimulation while GRB-2 dissociated from Sos (Fig. 3). These data suggest that thc 

association of GRB-2 with tyrosine-phosphorylated 1RS-l may contributc little to MAPK 

cascade in rat primary cultured hepatocytes. Besides binding to Sos , G RB-2 hωbcen 
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reported to interact with the proline-rich region of clynarnin-U , w hich rcgulates 

membrane trafficking through SH3 domains � vivo and in ν itl ・o. 2ó羽 1n ordcr to exarnine 

whether GRB-2 may transduce signals from IRS-l proteins downstrc餠11 to clynamin- 日

rather than to Sos a[ter insulin stimulation , irnrnuno-precipitates with thc anti-GRB-2 

antibody were separated by SDS-PAGE and detcctecl by anti-clynamin-If antibody and 

anti-IRS-l antibody on the same blotting. When thc as 只 ociation o[ GRB-2 with IRS-l 

protein was enhanced, the a~sociation o[ GRB-2 with dynamin-]I wωcnhancccl 瓜 well

(Fig. 4) , indicating that GRB-2 transduces signals from 1RS-l protcins to dynamin-1J 

by forming a ∞mplex o[ IRS-I-GRB-2-dynamin-11. This [inding suggcsts that insulin 

may exert its role in regulating membrane trafficking in tcrnlS 01' i'orming this trinary 

complex. Moreover, recent works have shown that microinjection 01' cells with an antiｭ

G RB-2 antibody abolishes the cyto-architecture reorganization including pcricellular 

accumulation of actin fibers and membrane ruffling dependent on Rho/Rac proteins.2lJ
. :1() 

All these findiligs , takcn together, lead us to speculate that GRB-2 may havc a role in not 

only the Ras-MAPK cascade but also in other signaling pathways in rat hepatocyte 

growth. 

To confirm whether GRB-2 may have an important role in vivo as wcll , we exarnincd 

the role of GRB-2 in intracellular signal transduction in liver regeneration after PH. 1n 

contrast to cell growth in primary cultured hepatocytcs , thc mechanisI11s whereby 

intracellular signal transduction is activated in liver regeneration appear to bc much morc 

complicated; not only HGF, EGF , and insulin , but also other hepatotrophic factors , 

including TG F-αor IGF-1 , may contribute to liver regeneration in a tﾍJnc dcpendcnt 

fashion.4 It has previously been reported that TGF-αshares a reccptor with EG F, 31 and 
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1G F-1 can phosphorylate 1RS-l proteins. :1 2, :n These findings indicatc that clctcrmining 

the ac:;sociation of MET, EGF-R , and IRS-l proteins with GRB-2 may decipher thc 

network of intraccllular signal transduction pathways activatcd by hcpatotrophic factors in 

liver regeneration. This study has demonstratcd how in the carly phasc aftcr PH , prior to 

the major wave of DNA synthesis , the association of GRB-2 with MET, IRS-1, or EGFｭ

R proteins wぉ enhanced in a sequcntial manner (Fig. 5). It is important to strcss that thc 

association of GRB-2 and Sos was increascd mainly in the eaの phasc aftcr PI-I (Fig. 6A) 

These observations suggest that GRB-2 may contribl1te to acUvation o[ the Ras-MAPK 

cascade by binding to ~伍T， IRS-l , or EGF-R proteins in thc carly phase 01' liver 

regeneration. 1n addition, thc association o[ IRS-l protein with GRB-2 was sustainecl 

l1ntil the late phase a[ter PH , indicaUng that GRB-2 may mcdiate 日 ignals gencratccl by 

IRS-l proteins to other signal transduction cascadcs; bctwecn 18 h. and 72 h. aftcr PH , 

GRB-2 showed enhanced association with IRS-l ancl dynamin-11 (Fig. 5 and 6B) 

Dl1ring this period, GRB-2 may transduce signals fron1 IRS-l to dynamin-11. On thc 

other hand , association of G RB-2 with dynamin-IT was enhanccd w ith two pcaks during 

liver regeneration (Fig. 6B). The first peak may reflect the contribution of GRB-2 to the 

receptor-mediated endocytosis of signaトtransducing rcccptors.:1-l Interestingl)ヘ enhancecl

association of GRB-2 with dynamin-n was [ollowed by that 01' GRB-2 with Sos in the 

early phase o[ liver regencration (Fig. 6A and B). Recently it has bcen reportccl that 

dynamin-Il binds to the C-terminal and N-terminal SH3 domain o[ GRB-2 ,:1 5 ancl Sos 

binds to GRB-2 mainly through the N-terminal SH3 domain of GRB-2. :1() Taken together, 

these finclings sl1ggest that Sos n1ay ∞mpete with dynamin-Il [or binding to GRB-2 , 

which res111ts in signals being delivered downstream to Sos or dynamirト 11 111 a timc 
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specific manner in the early phase of liver regeneration , whilc the role of thc enhanced 

association of GRB-2 with dynamin-11 in the late phase o[ liver regcncration rcma匤s 

unknown. 

Our findings indicate that during rat liver regeneration ヲ GRB-2 converges signals 

generated by many hepatotrophic factors and transmits them to thc Ras-MAPK cascadc as 

well as to other intracelllllar signal pathways inclllding dynamin-J[ . In this way , GRB-2 

may play an important role in expressing specific biological effects o[ hepatotrophic 

growth factors. Our studies may shed new light on the possibility o[ regulating cell 

growth by controlling the function of the GRB-2 protein. 
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Figure legends 

Figure l. Changes in tyrosyl phosphorylation of MET protein , association 

of MET protein with GRB-2 , and association of GRB ・ 2 with Sos after 

stimulation with HGF. A. Changes in tyrosyl phosphorylation (TP) o[ MET protcin 

(口)， � association with GRB-2 (0 ), and the association o[ GRB-2 with Sos (ム) after 

stimulation with HGF (10ng!ml). Differences in the abundancc oL・ proteins in thc 

correspohding autoradiographs were quantified with a dcnsitometer (MCID imaging 

analyzer; Fuji Photo Film Co. , Tokyo, J apan). Scanning values are express 巴d as n-[old 

induction compared to the initial level (time zero). Data 山own in A arc cxprcs似j as the 

mean :t the standard deviation for three separate experiments. Thcrc was a 2.5-fold 

mcreas巴 in TP of ~伍T protein peaking at 5 min. a[tcr s�lllation WiUl HGF. Thc 

association of ~伍Tprotein with G RB-2 increased 1. 6-fold ovcr the ini�l level peaking at 

10 min. after stimlllation. The association of GRB-2 with Sos increased 1.5-fold over the 

initial level peaking at 5 min. after stimulation. The association of MET protcin with 

GRB-2, and of GRB-2 with Sos , occurred almost in parallel with thc statc o[ TP of 恥伍T.

B. Tyrosyl phosphorylation (TP) of the MET protein after stimulation with HGF. C. 

Association of ~伍T protein with GRB-2 after stimulation with HGF. D. Association of 

GRB-2 with Sos after stimulation with HGF. The autoradiographs shown in B , C, and D 

are representative of three separate exper出lents . Numbers below thc panel indicate the 

times after stimlllation with HGF. 

Figure 2. Changes in tyrosyl phosphorylation of EGF-R protein , 

association of EGF-R protein with GRB-2 , and association of GRB ・ 2 with 

Sos after stimulation with EGF. Changes in TP of EGF-R protein (己 )， its 

association with GRB-2 (0 ), and the association of GRB-2 with Sos (ム) a[tcr 
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stimulation with EGF(10ng/mI). There was a 8.3-fold increase in TP of thc EGF-R 

protein peaking at 10 min. after stimulation with EGF. The association of EGF-R protein 

with GRB-2 increased 2.0-fold over the initial level, peaking at 10 min. after stimulation. 

The association of G RB-2 with Sos increased 2.4-fold over the initial level peaking at 10 

min. The association o[ EGF-R protein with GRB-2 and the association of GRB-2 with 

Sos occurred almost in parallel with the state of TP o[ EGF-R protein. The data are 

expressed as the mean :t the standard deviation of three separatc experiments. 

Figure 3. Changes in tyrosyl phosphorylation of IRS ・ 1 protein , 

association of IRS ・ 1 protein with GRB-2 , and association of GRß ・ 2 with 

Sos after stimulation with insulin. Changes in TP of IRS-l protein (亡) フ its

association with GRB-2 (0 ), and thc association of GRB-2 with Sos (ム) a[ter 

stimulation with insulin (100nM).百1ere was a 1.8-fold increase in TP 01' thc IRS-1 

protein peaking at 10 min. after stimulation with insulin. The association of IRS-l protein 

with GRB-2 was increased from 5 min. to 90 min. , peaking at 60 min. after stimulation. 

GRB-2 displaied a gradual disassociation from Sos after the stimulation with insulin. The 

association of IRS-1 protein with GRB-2 began almost in parallel w咜h the level o[ TP of 

the IRS-1 protein and this association continued displaying a higher levcl without 

decreasing. There was a gradual decrease in the linking between GRB-2 and Sos. The 

data are expressed as the mean :t the standard deviation of three separate experiments. 

Figure 4. Changes in the association of GRB ・ 2 with dynamin ・ II ， and 

GRB ・ 2 with IRS ・ 1 protein , after stimulation with insulin. Changcs in the 

association of GRB-2 with dynamirト rr (0), and GRB-2 with IRS-l (0 ), after 

stimulation with insulin . 百1e association of GRB-2 with dynamin-rr gradually increased 
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and was enhanced from 30 min. to 90 min. after stimulation. The association of G RB-2 

with IRS-l occurred almost in parallel with the state of the association o[ GRB-2 with 

d ynamin -]J .百le data shown are expressed as the mean :t the standard deviation of three 

separate expenments. 

Figure 5. Changes in the association of MET, EGF・R ， and IRS-l proteins 

with GRB ・ 2 during Iive1' regeneration. Changes in thc association of thc MET 

protein (0 ), EGF-R protein (ム)， and IRS-1 protein (口) with GRB-2 aftcr PH. The 

association of the 恥伍T protein with GRB-2 increasecl 2.8-fold over thc initial level, 

peaking at 4 h. after PH. The association of the EGF-R protein with GRB-2 incrcased 

2.3-fold over the initial level peaking at 18 h. after PH. The association of the IRS-1 

protein with GRB-2 increased about 1. 5-3-fold over the initial level from 2 h. to 48 h. 

The data are expressed as the mean :t the stanclard deviation of three separate experiments. 

Figure 6. Changes in the association of GRB ・ 2 with Sos 01' dynamin-11 

during liver regeneration. A. Changes in the association of GRB-2 with So只 after

PH. In the early phase after PH, w hile there was an enhancement o[ the association of the 

h伍T， EGF-R, and IRS-1 proteins with GRB-2, GRB-2 also displayed an increased 

association with Sos. In the late phase while the association of IRS-1 protein with GRB-2 

continued, GRB-2 dissociated from Sos. B. Changes in the association of GRBω2 with 

dynamin-II after PH. 百1e association of GRB-2 with dynamin-1] increased , peaking at 

1 h. , and returned to the initiallevel at 12 h. Afterwarcls , this association increascd again 

and peaked at 18 h. after PH. The data are expressed as thc mcan 士山e standard deviation 

of three separate experiments. 
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