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SUWRY: 18,SSF cells, which secrete rat ins&n-like growth factor II (rIGF-II), have abundant type 2 IGF 
receptors. We have pnified the type 2 reqtor fran these cells by solubilization of crude mmbmnes in 
Tritm X-100, folloml by chmmtography on agam+inmbilize.d rIGF-II. A rmtially purEed receptor 
prepratia~, obeiined by chmmtogra~y of solubilized m3kanesoverwheatgexmagglutinin,haswedto 
immize a rabbit. ‘Ihe antilmdy generated both immmoprecipitates tbe type 2 nxeptor, and specifically 
inhibits W-II binding to a variety of rat tisues, including 18.54-S cells, F?&3A cells and placenta. lhe 
prtsamx of atmdant type 2 mxptors on an rIGF-Ikecre ti.ngcelllineisconsktmtwithanautouinerole 
for IGF-II in sfdect celh. @ 1986 Academic Press, Inc. 

lhe 2xm3dins canprise a fanily of mitcgenic peptides with mjor struct& kmlogy with pminsulin 

(1). In hnrans, two sx&m&ns have been identified, pu%fied and sequenced: ins&in-W growth factors 

(I@) I and II (1,2). A rat IGF-II has aLm been identified, and famd to have 9% queue hamlcqg with 

Ixmm m-11 (3). l?E m?tabolic and mwgenic actions of tkse grmth factors are believed to be llEdiated by 

binding to specific receptors cm target cell mnbranes (4). lhe insulin and IGF-I (type 1) rseptors are 

structurally related, both migrating on electrophoretic gels with an apparent Mr >ZX@XJ and cmiisting of 

disulfid+linkd subunits (5). lhe IGF-II (type 2) receptor, on the other hand, migrates with an apparent Mr 

of 2%2%,ooO, with IX) evidence of disulfid&linked subunits (5,6). ‘Ihis receptor also differs fmn the 

insullnandtypelr~receptorinitsladcofaffinityforinsulin. 

The biologic role of the type 2 receptor mmins uncertain, despite extensive characterizatico by 

cmpetitive binding studies, affinity cross-linking, and mtracticn and purificaticm (5-8). Alttmgh the 

~ofabrndanttype2receptarsinfetnlanderrbryonictissue,~byhighcirculatinglevelsof 

I@-II in the fetus and infant, have suggested an important role for IGF-II and its receptor in fetal gnxtb, 

this hypothesis I-ebns In-l~Ven (9.10). stlxlies fmll Mottola and Qech (11) have indicated that the type 2 

rcaqtor is not involvml in the stimlatim of DNA synthesis in H-35 hepstam celLs, and recent studies frm 

an- laboratory dmmstrate that the mitogenic action of IGF-II in htamn fibroblasts can be blc&d by an 

antibody sphfically directed at the IGF-I receptor. &I the other hand, ~3 have recently reported tit tkm 

oellLineswhichseueterI~-~intoconditionedmediaarealso~~bya~ttype2~ptors, 
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suggesting a possible autoa?ne function for IGF-II and its receptor in the grwth of these cells (12). In the 

processofcharacterizingthissystem,~~havepuifiedthetype2receptorfmnoneofthese 

rIGMI+f3xeting cell lines, and generated a rabbit polyclonal antibody which both imnmoprecipitates the 

type 2 rexptor and specifically blocks IGF-lI binding. 

M4TITmAlsAND- -- 

Peptides: Fbre humn IGF-II for iodimticm was Emily provided by Drs. G. Enberg and K. M.l (Stocldmlm, 
&eden). For displacemt studies, we mployed synthetic IGF-II, generokly provided by Dr. C. H. Li (San 
Fraruziszo, CA). Fure biosynthetic (‘lhr-59)-IQ-1 ws purcha& fmn Arsgen Biologicals (lkussnd asks, CA). 
Qystalline porcine insulin kas obtained frml Elsxo Products canpany (Indianapolis, IN). Iodination was 
performd by a modification of the chlo rmin+T txxhnique, to specific activities of 2% &i/up for IGF-I and 
-11, and 100 &i/ug for insulin. Prior to binding studies, icdimted peptides were further purified by 
SepA-eda G50 gel cbrammy. For detenuinatim of nonsp&fic binding, we employed a -ially purified, 
ins&n-free IGF prelnraticn, containing 10 ug/q weight IGF-II and 20 ug/q weight IGF-I. 

Cells: 18.W cells, initially isolated frun a hmm pituitary ademm, wre cultured in Coon’s mdified 
Han’s F-12 n&km without serun and pasaaged at 72-96 hour intervals after detachmznt with -A. 
Subsequent studies have indicated tbat these cells are rat in origin, on the basis of 1) sequence analysis of 
the IGF peptide prodwed by these cells, ticb is ckacteristic of rIGF-II (J. Wycbe, K. Nishikwa, personal 
cxxmmicati~); 2) cl-rmxm analysis, which is consistent with rat: and 3) Southem blots, which are 
ccnsistent with rat DiA (A. Ullricb, personal cammi cation). while the origin of these rat cells remins 
uncertain, they clearly differ fran l?&3A cells in term of semn wuimlmts for cell. attacbwnt, grwtb 
characteristics, and nur$rkgy. EL-3A cells (12) and I%9 cells (13) wre gmm as pevi&y described. lhe 
hman fibroblast line N%52, derived fran a 24 year old mle donor, passage 11, ws obtained frun the Hmm 
Genetic i3utant cell Repository Qc%mien, NJ). 

Mmbrane Prewration: Cells m-e gmm in 150x15 mn petri dishes, and confluent mnolayem dew by the 
~ti~of2omlD3s,~~A.Eachplate~~withanadditional5mlofwS,1~~A,amithe~ 
thenaddedto~ariginalcellpool.cellswerecentrifugedat~gfor1O~~at4c,andpellets 
resuspended in l&M sodiun ptce&ate, fi 7.4, Ml FLTA, 0.2pi sucrose, 0.1% N&l. ln+l phenylmetJlylsulfony1 
fluoride (FTW), Ml i&acetic acid. Cells wre sonicated, and the lysate centrifuged at 12,OXkg for 30 
minutes at 4C. ‘lhs :pellet ws discarded. and the supematant centrifuged at 40,CDkg for 1 hour at 4C. The 
rasultingpellet~resuspededin~~,pH7.4,0.1pINa(=L,Idi~,2~ma~nsulfateand 
recentrifugedat40,~forlhDurat4C.Mwbranes~rrsuspendedintheabovebuffer,andfroeenat-MC 
until used for assay or receptor purification. 

Mmbranes fran EZL-3A rat liver cells wre prepared as previowly described (12). Rat placentas were 
obWneddut-ingthefinalthreedaysofpregmmcy,andmsnbranes preparedbythemetkdofIkwgbadayetal 
(14), with mimr imdifications. 

Purification of ~~:Crude~prep3TaFiols~thaxed,andRilrmX-la)addedtoafinal 
concentration of M (v v). After end-over-end mmng owrrnght at 4C, tbe nnxture was centrifuged at l@CD%g 
for one how at 4C. Furtber purificaticm ws by whmt germ a@kinin (%A) chrumtcgra~y to obtain partially 
purified receptor for imnmiation, or by chnnratography on agarme--bilked r1GF-Z for final receptor 
purificatim. A 10 ml colum, containing 7 &ml of W&agame (Vector laboratories, F!urw, CA) ws 
wshed with 5X4 HEFTS, $7.6, 0.W NaQ., 0.E Triton X-100, Z+IM RtT, 4nEI iodczetic acid, after which 
10-20 ml of solubilized msnbranes here applied (5-15 ng protein), allcwd to sit for 1 hour at 4C, and 
recycled~the~l~threetimes.Ihecolurn~then~with5obedvolunesoftheabovecuffer, 
followed by elutia~ of the bound mterial with tbe above buffer + 0.X N+xetyl+glucos@ne. Smples were 
c2cmentrated in a &Wricm-=Jo nticrocmmn~tor with a x),ooO IW cutoff (Amicon, lkmvers, MA). 

For Keparattin of the rI@-II affinity calm, rIGF-II wxs @ied frun the conditioned media of &3A 
cellsbythemethnlof~etal(15).cyanOgenbmaide-activated~~4B~plrchasedfmnpharnrria 
(titaay, NJ) and the affinity colum preFered as follows: 2g of gel wre sVmll.en with 15 ml of l&l HCl for 
15ndnutes,andthen~overasintered-glassfilterwith500mlof~HC1appliedinY)rrilaliquots.?he 
gel MIS vsshed with 50 ml of coupling buffer ccnkning O.lM sodiun bicarlmste, pH 8.0, 0.M NaCl and was 
imediately added to coupling buffer ccntaining 5.3 ng dry Weight of pooled m II and III in a total voluw 
of 12 nil. lhe mixture was then rotated end-over+nd for 2 lmurs at room terperaturr. coupling buffer has 
ramed and the rectim qwncbed by end-over-end rotation in 15 ml of 0.2M glycine, $8.0 for 2 kurs at 
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rcanimperature.lhegelmstransfemedtoa10x0.7 an Ekcmcolm (Bio-Rad Laboratories, Richmd, C4) 
and m&tzd at rem tqerature with three cycles of coupling buffer alternating with O.lM Na acetate, pH 4.0, 
O.pI N&l. Coupling efficiency, as detemkd by the addition of smll munts of iodinated I@-II to the 
reacticn mixture, m.3 app roximtely 83%. thus giving a final concentration of appmximtely 0.5 q MWml gel. 
‘hegelwsstoredat4CinlCDdlHEE, pH5.8, O.O5%sodimnazide. 

IGF-II receptors here purified using the rIGF-Ikgarose gel, qloying a nniification of the r&hod of 
Oppenheimer and Czech (8). l’b ml of the gel wre pcured into a 10 x 0.7 an cohm and wshed with 50 ml of 50 
ntl HIBS, pH 7.4, 1% (v/v) Triton X-U). Five ml of solubilized cell mnbranes, containing 0.4 ng protein/ml, 
here mde 0.34 in N&l, introduced onto the colum, and recirculated overnight at 4C at a flaw rate of 7-8 
~~.‘Ihe~awthrolllghwascollectedandtheco1urmkashedwith40ml0f1~~,~7.4,0.~~,0.~ 
Tzitm X-100, lniY FSF. ?he receptor has eluted with 40 nil of l&M sodim acetate, pH 5.0, l.pI N&l, 0.Z 
Trkm X-100, l&l REF. Fractions (0.5 ml) were collected in 0.5 ml of O.lM scxlium phos&ate, pH 7.4. 

F’r~tein Lletemdtion: Protein determinations ware perfonwd by the mdified Bradford assay @i&ad) and by 
the 824 protein assay (Fierce Qlmlical co., Rockfod IL). 

Bix&@ Assays: IGF-II, IGF-I and insulin bir&.q to crude msnbranes ms perfomd as previmsly described 
(12). For solubilizad receptors, Tritcm extracts wre incutati overnight at 4C in a 250 ul final volume of 
LXBI Tris HCl, pH 7.4, 0.5% ISA, contxining lO,DBl cpn of iodinated peptide, in the jmsemze orabsemeof 
mlabeled peptide. Binding was ten&-n@ by the addition of 1 ml of ice-cold 5Wl Tris HQ, p!l 7.4, 0.E 
Trim X-100, O.% E.4, 0.251, bovine ganm globulin (Sigm). ‘he mixture was vortmed, followd by the 
additim of 1 ml of Z ice-cold (w/v) polyethylene glycol. After standing for r) minutea at 4, the samples 
wzre centrifuged at lO,Wxg, and the pellets counted in an autamtic ganna counter. Nonspe&ic binding was 
defined as the binding observed in the presewe of a partially pnified sumtamdin preparatim,conthing 1 
ug/lnl lmlawed m-II and 2 ughl Lailabekd n-1. 

Affinity la-: Ckcm+lirking of iodinated peptidea to both crude and solubilized nmhranes and gel 
electrqhoresis in sdiun dodecyl &ate were perfomed as previously described, using a 6% separating gel 
(5,12). 

Anti-kptor Antibodies: Fractions eluted fmn the WGA colum wre concentrated in a Centricon-Zl 
microcmm~tor. An albino New L?kihd mbbit ws injected at nultiple sukutaneous sites in the scapular 
regicm with appmximtely 20 ug of pmially purified receptor milsified in an equal volmz of Fremd’s 
canplete adjuvant. The rabbit ws boosted with 10 ug of parthlly purified receptor mixed with an equal VO~LIIE 
of~‘sinccolple~adjwantat2keeksandat5keeks.’Rnee~afterthesecondboost,blood~drawn 
fmntheear,andthesenmkaseitherfroeenat-~orprecipitatedin4~satllrated ammiun sulfate, 
rewspendedinpBs,anddi.alyz&dthreatimsagainstpBs. 

The effect of anti-receptm Ig on IGF binding was de&mined by inzuking fibrublasta, E-9 cells, or 
crude ntmbmrm fran 18,54-S cells, P&3A cells or rat placenta with serial dilutions of antiserun or 
eun sulfate-@ied Ig in a MO ul volmz of 100 n+l OFFS buffer, containing 12&N NaCl., 5 II+! KCl, 1.2 
n+l rmgnesiun sulfate, l&M dextmse, 15 ti sndiun actetate, h&i FIJTA, 0.3 PS4, @-I 7.5 for 90 minutes at roan 
zuc. At that point, 150 ul of icdinated peptide (lO,@Xl cpn) in HIPS buffer, plus 50 ul of buffer or 

’ concentrations of *b&led peptide were added, and the mixture incubati at rocm teqzeratwe for 
an additional tw hers. k-ubation c*35 termina ted by the addition of 1 ml of ice cold HISS buffer, followed 
by centrifugati~, aspiration of the supemamt. and measummt of radic0ctivity in the mnsinhg pellet. 

For immmoprecipitation studies, iodinated IGF-II ms crcm-linked to solubilizad 18,56sF mahanes, as 
d&bed above. 50 IIN Tri&Cl was added, yielding a final Triton X-100 comzntration of 0.5% (v/v) in a 
finalvollmEof5ahl.5Oulofcontmlorilmlme serm m-e added, followed by end-over-end mixing at 4C for 
seven hours. At the end of this incubaticn, 500 ul of goat anti-rabbit imamoghti covalently coupled to an 
agarosebead(BioRad,Richllcnd,CA)andsuspendedinPBS,0.1%BSAata uxlcentration of 4 l&ml (final 
cmcentration 2 ~/ml) wre added, folhed by md-over+nd mixing overnight at 4C. l’ba mixture ws 

centrifuged, the pellet removed, and the tube wshed with 3 ml of 5Wl Tri.s El, pH 7.6, 0.1% T&on X-100, 
0.1% F&4, which wre added to the pellet, followd by nzcentrifugation at Moo rpn for 10 minutes. Pellets 
were counted for deteImiMticm of immqmcipitated radioactivity, followd by solubilizatim and SE-PAGIZ, 
as described above. 

REULlS: As previously reported, specific binding of IGF-II to a-&e mmbrane preFarations frail 18,54-¶sF cells 

averaged m per 20 ughl protein (12). hder similar conditions, specific binding of I@-1 and insulin 

averaged 2.6% and l.O%, respectively. Figure 1 shms a Scatchard plot of IGF-II binding to crude nmbranes. 
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F&lre1.swchaldplotofIcwIMndirgtoal.Kle~ 
affinity alnpmslt is s&n. 

preparedfmn18.%-Scells. ‘IheKdof thehigh 

Fhure 2. A. tit germ agglutinin chramixgra$y of Ritorrsoluble receptor. 4.8 q of solubilked &rar~ 
protein was applied, and 5 ml fr&Zions colkted. ‘Die designated points are A, starting buffer; 
B, saiple: C, stating buffer; D, 0.S N-xetyl-D-@wsaninz 
elu&ceinafinalvol~ofrX)ulwereusedfor&wnnna 

(NM3 in z3tart@ buffer. 5D ul aliqws of 
* 

B. rIGF-II 
tim of specific binding. 

-sgaroe durnetograply of Triton-soluble nxeptor. 2.1 w of .9hbilized E&GKEZ pr0t.ei.n yds 
applied, and 1 ml fractions collected. The dee.Q~ted paints are A, snple: B, f&x thm&; C, W&I buffer; 
D, eluticm buffer. Ran point D on, 0.5 ml fracti~ were collected in 0.5 nil of O.lM sadiuo Fhasplate buffer. 
F~thefirst50mlw~,50ulaliquotsofeluateinafinalvoluoeof~ul~usedfw 
detemimtia~ of specific bindirg. For the fhll0 ml collected, a0 ul aliqwts of eluate klge wyed; fcr 
these assays, specific bin&g was m&plied by 2.5, to correct for volume differmzes. CJrmctialforthe 
1:2 dilutim ws not III&. 

‘Ihe high affinity cxxnponent of’this cwvilker plot has a Kd of 1 t+l, with a receptor CoIW¶tr&ionof1ug 

rzeptorhg pmtein. In other mshane preparations, the estinWed czoncentration of m-n receptors has been 

as high as 2.5 ug receptorhg pmtein. 

Solubilization of 18$+-S tmzsnbranes with Triton X-100 did not interfere with specific binding of I&II. 

Figure 2A depicts the elution of this receptor fmn a heat germ agglutinin colum with 0.3 

N-ecetyl-nglucosardne. As can be seen, the ovenhelming najority of the binding activity elutes in the 

glyc~pmtein fraction. 

Purificekxi of the type 2 receptor fran the Triton X-100 extract is ShaJn in Figure 2B. Elution of 

binding activity MS successNly achieved with l&H sxliun acetate, pH 5.0, containing 1.3 &Cl, 0.2% (v/v) 
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Figure 3. StE-Pm of rIQ?-II affinity-*ied receptor cmes-Hnked to iodhted I&-II and nm under 
redurjingmditicnswithanlnlabeledpeptide(a),orinthepresenceofexcesslnlabeledIGF(b)~insulln 
(CL 

Figure 4. $TfS-Pm of innunoprecipitatad I@-II receptor cross-linked to icdimted IGF-II mder run-m 
cmditiak3intkabsareof dab&d pqtide (a,b) or in the px%smze of excess unlabeled I@ (c,d) or 
indin (e). (Zrce3-M receptor bras then iruxbated with a i/100 dilution of pre-imm? szrm (a,c), or a 
1:1(x) diluticn of irmne serun (b,d,e). 

Trita~ X-103, and IIN FEZ, as previously reported (8). Figure 3 denmstrates iodinated IGF-II cros+li.aked to 

the purified type 2 receptor &ted fmn the rIGF-II affinity colmn. A single band with an apparent Mr of 

25CK is visu&lized. lhis band is totally ablated by co-incubation with e~ceas mlabeled IGF, but not altered 

by unlabeled insulin. Cross-linking of affinity-@ied receptors with iodinated IGF-I or insulin failed to 

demsh-ste spsific tends (data not shown). 

Immqmxipitation eqerimnts wre perform-l with solubilized receptors mm-liked with iodinmted 

IGF-II and a 1: 100 diluticm of pr&nmme and immmked rabbit sxa (Figure 4). while no autoradiogaphic 

bSdS~Ol?SWdintht?lanes~lO~~~ senm Uanes ad, zimtmesenmresultedin 

prmipitatim of a dahlet band with an apparent Mr of 24.5X and 2% (lane b). Interwti@y, a similar 

dcublet band ms visualized on silver stain of the rIGF-II affinity-puified receptor. Immoprezipitation of 

the doublet band ms prevented by incubation of receptors with excess unlatied I@ (lane d), but not by 

unlabeledinsulin(lanee).Additionally,~lessintensebandsarevisllalizedbothaboveandbelowtheW3K 

~.~bandsarereadilydisplacedbylnilabeledI~,butnotbyinsulin. 
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Flare 5. lkuebsJ tSL6-MX deronstratirg inhibition of I@-II bindirg to crude ntdmms prepared fm 
18,54-S a?lls. l+idmma were irrxtated withxt (a,b) or with (c) a I:100 diluticn of immeE4mmlform 
minutesprior totkadditimofiadimted Iff-II, intkabsmce (a,c) orpre~~eofexcessuilateledI~. 

F?imre6. Inhibitimof bimiingof IGF-II tonmzbmne prqarations frcm18,54 cells (0). rat placental 
ntskms (A), EL-34 cells @, or Innran fibrublasw (0). hmiun sulfate precipitated inmmo&h& 

ccncema~are~asug/ml. 

Figure 5 si~~~theeff~~tofa1:100diluti~~of he rabbit senmupon IGF-II binding and 

cross-linking to rICT-IIaffinity-paified receptors. Intheahenceof antibody, cross-linkingrwealeda 

wmcband(lanea),which~abdLishedby~~I~(~b).Incubationwithimnnesenm~letely 

eiim6natedttre25C%(band,althwghalessintensebandwithana~t~of190Kisncmvisualized(lanec). 

FTgxe6dmmstm tes the specificity of thisantibody for rat IGMI receptors. At antibcdy 

cmzntrationsof103ug/ml, inkbitimof specific binding of IGF-II to18,%-SF, BRG3Aand rat placental 

msnbranesm fmnZU-&X. Attkseantibaiy concentrations, inhibitionof IGF-II bindirgtohman 

fibrobl,astsorDWcellswskss thm 2&g.2heantibodyhadnoeffe~t0nin&inor I@I binding to either 

hmnor rat cells.. 

DIS(XGSION:'Iherat.typez~~hasbeenpreviouslyptrifiedtohorogeraeityfo~~ewhactionfmn 

drmdrosarunra cells (7) ad placenta (8). hk have now pwified this receptor fran 18,%-S cells, a 

rIc;F-II -sexetingtxG line,ushgantimrmdificationof themtixd ofoppenheimerand&ech(8).This 

appmxhdependsqmelutimof the type Zreceptor franagamse-imobilized rIGF-II byahighsalt, low$ 
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silver stainand SE-PAGEofaffinitycross-linked receptors. Interestingly, on sanegels a 245-25OKdoublet 

wasobserv~.?heeluted re.ceptorcontinues tonmifestahighaffinity for IGF-IIaud noaffinity for 

insulin,asis~~cofthetype2rrceptor.?hehighaffinity cmpormtof the purified receptor has 
-9 

aKdof0.5~10 M/L, correlatingapprokratelywith theKd of10 -g M/L seeninthecrude&rane 

pr~ti~.Itisofinterestthatscatchard~ysisofI~-~bind~toboththecrude~~andto 

the purified receptor denmstmtedacurvilinear plot,whileScatchard plotsof purified type 2 receptors fmn 

rat&mdmmwmcellsandmtplacentawrelinesr.!Mleitis conceivable that this discrepy my be 

due tosmllmcuntsof IGF-I receptor eluting frcmtheagarcs+irmobilized rIGF-II, wewxeunableto 

identifyanytypelreceptorsinour purified preperation following affinity crces-mwithiodinated 

XT-1 or insuliu. 

Inmmization ofarabbitwitha partially purified type 2 receptor generated anautibody capableof both 

imnmoprecipitating the type2 receptor and specifically blocking I@11 bitxhngto this receptor. 

Iimunoprecipitatim of solubilized 18,5LSF11mbrauescross-linked toimlinated IGF-II demnstra ted a tight 

douhlet~,withanapparent~~af245Kand~,aswellasseveralless~t~bandsofhigfierandl~ 

apparent&-. Since binding of IGF-II to theseminor hands- ablated by excess unlabeled IGF, ixltuot 

insulin,itislikelythat~bands~~~~lyticproductsoralternativeglycosylationsofthe 

type2receptor.Wehavepreviouslyreportedsirrdlarautoradiographicbandsf~~ crms-linking of 

iodinated IGP-II to BRL 3A &ranes (12). 

'lhisantibcdyalso specifi~ly inhibits IGF-II binding,mtcnly to18,544Fcells, but also to rat 

placentalmenbranesandBRL3Amembranepreparatiosls.Inhibiti~ofI~-~b~to~fibrohlastsand 

IM9cellswassubstantiallylessthanthat~withrattissug,~d~ ting that the 18,%-SF 

cells enployed in these studies are rat in origin. Recent studies in our laboratory have i.ndbted that the3e 

cells: 1)pcesessa singlepolyadeeylated IGF-IImRNA,whichhybridizes toahnan IGP-II cINApmbe(16); 

and 2)secrete rIQ?-II intocmditionedm.dia(12)aud into the plasmofnudemiceand rats transpkted 

withthesecells.'Iheseobservations,togetherwiththed~~ti~ofana~ofclassicaltype2 

receptors, areunsistentwithanautovinerolef~ IGF-II inselectcelllioes. Future stuiiesenploying 

thisanti-type2receptorantibodywill~~etheroleofthetype2receptorinthemetabolicacti~~ 

and replicaticulofsuchcells. 
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