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~~:Although~~growthfactors(I~)IandIIbindwithhighaffinitytostnrturallydiscsete 
receptors, they bind with a lesser affinity to each other's receptor. We have evaluated the affinity of five 
di.fferentIGF-I preparations(threenaturaII(;F-I preparations, one synthetic pnqaratim,aud mereccmbinant 
MA-derived) for the ICF-IIreceptor inratplacentalmwbranes,18-~,~cellsandBRL3Acells. Inall 
tissuestested,thenaturalICF-Iprepxatiaxs demmtratedanaffinityfor theICF-lIreceptorwhichhas 
l&% that of IGF-II.Homer, themxmbinantaud syntheticIGF-I prepsratious&biti substantiallylowx 
affinities thannatural IGF-I for thisreceptor,withmIy1O-%reductionin(1Z5I)iodoIGF-II binding at 
peptide concentratiom up to 403 n&l. Radioimmmmsa y of thenatural IGF-I preparationswithauautibody 
directed against the unique Gpeptide region of IQ?-II dEommatedthatom~tialofIGF-IprepsIations 
withimmoreactive ICF-II couIdnotexceed R.'lkseresuItsd fmmstratethat IGF-I purified franhmm 
plasmahas a different affinity for the ICF-II receptor ttnn does synthetic or r6xnbinantICF-I. Furtkimre, 
thesedataare~~~twththehypothesisthatI(;F-I,itself,wybeheterogeneous,andthat~bforrrs~y 
vary intheiraffinitiesfor theIGFreceptors. AkernativeIy, IGF-I preparatiaxstichhavebeenconsidered 
tobepuremy be contaminatedwith smlI amuntsof IGF-II, resuItinginoverestirrationof theaffinity of 
ICF-I for the type II IGF receptor. Q 1987 Academic Press, Inc. 

lhesumto&ins,afamiIyofGl-depend~t, insuk-likehomes, are represented in-by two 

distinct peptides, insulk-Iike grwth factors (IQ?) I and II (1). First puified fmn humn plasm by 

Enderkn~tandl-hmbeI (2,3), ICF-Iand-II consist of 7Oa1xl67minoacids, resprxtiveLy.Theprimry 

stn&ures of these tw polypeptides arehighlylnmologous, with6% of the aminoacid positicRs identical. 

while IGF-I and -11 have teen found to bind to structuraIly discrete receptors, their hamIogy is reflected in 

anaffi.nityforeachother'srereptor(&8). 

~~ofthescarcityofnaturalI~-Iand-IIpcnifiedf~~plaslra,attentionhasbeendirected 

toads the productimof tksepolypeptidesby solid-phasemethods@-11) orrecmbinantlN4techmlog(12). 

?heidentityaftheselaboratory-generatedpolypeptideswith~~IGF-Iand-IIhasbeenbasednotolily 

uponaminoacidcqositimand sequence~ysis,but~upontheirabilitytobiradtospecificantibodies, 

carrierprothns and receptors. In this study,wehave investigated the relativeaffinities of fiveIGF-I 

pre~ti~(tbreenaturaI,axesyntl&ic,andme recanbinant DNA-derive) fortheICF-IIreeptorina 

varietyofcellsaudtissues.krresuI~indi&eslxkingdiff~ intlEaffinitiesofthese 

polypeptides,suggestingstruc~heterogeneityinthesevariousI~-Ipreparatians. 
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Peptides: Five diffenentpreparaticms of IGF-Imreenployed in these investigatims. Natural I@-I-the 
gczaerow gift of Dr. R. E. Hmbel (Zurich) (batch 4), and had bees purifiedtohmDgeneity (2). A seccmd 
natural XT-1 preparation,alsoisolated frunoutdatedhumnplssm,msthelCnd giftofDr.K.&ll 
(Stcckholm) (katch 5 I-l). The mino acid cmposition of this peptide was indistinguishable frun the kncnm 
canpositimof IGF-1,asmsN-temlnal sequem~anelysis(13).Athirdnatuml IGF-I preparatimmspurified 
at StanfordLJniversity franGzhn fraction IVofhman plasm byazid+theml extraction, gel filtrationand 
reversephsseliquidchrcmtcgraphy (14).N-teminal seguenceanalysisandandnoacidaFalysisfor~~~ 
andhistidinehaveverifiedthatanypotential~~ti~withIC;F-IIrmstbelessthanl%.Recanbinant 
lBiA-derived m-1 (Ihr-59)-IGF-1)was pur&sed fran @en Biologicals (Ihousand WCs, CA)(lot4cB).lhis 
dog substitutesa threo&e foramethionineatposition59.Pmity, de&mined by HFTC, isgreater than 
97%.Finally,an W-1 preparationwas synthesized by the solid-plmsemetlmd(sIGF-I), as described(9). 

Natural IGF-II, isolated fmnoutdatedhumn plasm, ms protided by Dr. K.Hall (Stockholm) (batch 8) 
(13). 'lhemino acid cmpositim of this peptidewas vble fmnthekncm canpositim of IGF-II, 
and sequenceaualysisupto position39msidentical tothatpublished by RinderkhechtaudHunbel (3). In 
addition, an IGF-II preparationwas synthesized by the &.id-phasemettmd (&F-II), aud shown to be 
harpgeneous by chrcmtofocusing, HFTCand aminoacid analysis (11). Alllyophilizd peptidesme 
remastituted aslug/lOul in 0.lMl-Q and stored at-X for up to 3mnths. QystsUne porcine insulin 
~obtainedfmnElancoProductsCargany(Indianapolis,~u'). 

Iodinatimof I@-I(Zut-ich)and IGF-II (Sto&lmlm) wasperfomd by themettrd ofHmtera.md Greemmd 
(15)to specific activities of 25O&i/ug. Before use in receptor binding studies, theiodinated peptides- 
purified by gel filtration over a Sephad~G5Owlum (l.OxlBcm)at4C, aud eluted with 1oOnMHWFS 
buffer, pH 7.4, cmminiug O.%BSA,12OtiNaCl, 1.2uMI$$0+, 5mMKQ, 15&I acetate sad lO&idmtrose. 

&Us and &&rams: -- & hmm fibroblast cell line N3652, derived fran a 24 year old nale donor, passage 11, 
ms obtained frantheti GeueticMutant WRelmsitory (C&&n, NJ). Membrane preparationswereuade fmn 
~~ratlivercells(~nType~~collectrion,Rockville,MD),and fmn18,5MZmUs, kindly 
donated by Dr. J. Wyche (NW York, NY) (16). Both cell liues were mintai& in serm-freemdiapriorto 
bindingstudies.FortbeI3RG3Acells,w~~tmslolayers~edetaclaedwithfnPIEZlfAinsaline, 
c&zifugedat103Oxg, washed, and ramspended in cold x)tiWisFKZl, pH7.4, containing IdlE[TTA,O.2pI 
~~and~iodaaceticacid.Cells~disruptedby~~~~inaglassdounceand~~ifugedat 
603~for10rrdnutes.'Ihesupernatant~recentrifugedat30,ooOxgfor~minutes,andtherefllltantpellet 
refllspendedinbindingbuffer,andeitherusedimoediatelyorstoredfrozenat-21K:forupto~~. 
18,5GsFc~~ed~~fmnrrnnolayercultureswithpBsplusMv1EIIIIA,centrifuged,~and 
resuspended inlCk&fNaFQ& pH7.4, containing l&HII[IA, OZ!%s~~o.se, OBlKCl, ln+fR@and4dIiodcacetic 
acid.cellsklerefrozenat-~untilusedformsnbranepreparation.Atthat~,cells~q~~-~and 
disrupted by smicatiou.'lhelysate~.~centrifuged at12,~xgforZ?Onrinutes, and theoesultautsymnataut 
recentrifuged at36,033xg for 6Ominutes. Thermzfrrbrane pellet was re4Lspended in m HEPB, pH 7.4, 
cmtaining O.lpINaCl, h&lDYIA, lnMFFf;Fand 4mMiodoacetic acid, and frozenat-2lXuntil use.Ratplacentas 
\rweobWnedduringthefinsl i%reedaysofpregnancy,andme&anes preparedasdesuibwl above,butusing 
0.0% Tris-El, O.% ISA, $I 7.4 as buffer. 

lMioimmmoa~y:Ihe IGF-II crmtentof the several diff~tI@preparaticmsuas e 
~bbit-generated adibody direrted against the *acid Gpeptideregion of IGF-II (19).~~0~ 
for thisassaykas the synthetic, tymsylatd octapeptide, kindlyprotided by Dr. D. Qmng(Peninsula 
laboratories, SanCarlos, cA).Decause of thedifferentprimary structures of theGpeptide regions of IGF-I 
and I@'-II, IGF-I doesnot cross-react with thisantibody, evenat wncentratiolsashighaslOug/ml. 
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(~thyl-3-H)IIhymidiraeh~0rp0mtim: Skhlatim of~~~~incorporatianinfnmanfibroblastswas 
performd by tkmthodsofconoVer etal (2o).('l+59)-IGF-I and rmxal IGF-Iwretested by thenselves, 
and togethertitbdexamethascne(lO-TM),and dexamthasa~plusO.2!Zhumnhypopitui.tarysenm. 

l8SUI.B: The ability of sIGF-I and ('Ihr-59)-IGF-I to bind to W-1 receptors, antiserun and binding proteins 

ksbemd oaumted in prior studies (9, 10, 12). Figure lA depicts caqetitim for (125-1)iodo IGF-I binding 

sitesinhtmmfibroblastsby natural IGF-I isolated fmnhutmn pla~1~andby(Ihr-59)-I~-I.Usingfibroblast 

mnolayers frana 24 year old donor, both I@-1 preparations exhibitedhighaffinity,witb %displacmmtat 

3.5-5ng/niL. Identical resultswzreobserved inhuumfetal fibroblasts.Figure IBuqares theability of 

r&urzil IGF-Iand ('lhr-59)-W-I to stimilate(mthyl-3-H)thynridine kxmporation inhuwn fibmblast 

mnolayers. Inthepresence of IGF-Ialone,(~~yl-3H)~~~incorporationwas s!kulated6&fold by 

rem-al IGF-Iand 6.9 foldby ('lhr-59)-I@-1.EW.h IGF-I preparaticns dew&rated equivalentsynqjmwith 

d~~eandlwconcentrationsof~hypopituitarysenm. 

&xever,ken(12SI)iodo I@-IIwasmployedasradioligand,and tested inmmbranes derivedfrmcells 

and tissues richin IGF-IIrrxeptors, natural 10?-I WE found tocanpete farmre effectivelythaneither 

(lhr-59)-IGF-Ior sIGF-I. Withratplacentalilpmbranepreparaticns, %cmpetitimkas observedwith13n&il 

of I@-ET. (Figure 2). By cqmison, ~differentpreparationsofna~I~-Irefllltedin%carrpetiti~ 

at66and25o~~.cx1theotherhand,orilymdnorccmpetitionwasobservedwithirrreasing (?.oxentratimof 

sIGF-I or (l'hr-59)-ICF-1. At cmrmtrations as higbas 403 q/ml, (PIPS)-I@-Ireduced (KS-1)iodo IGF-II 

bindingby cnlyla,tie sI@-Iredwedbindingbyonly%. 

0 rlGF-I 
n IGF-I (Zurich) 

(B) 

: 0 
CONTROL IGF-I IGF-I IGF-I 

+ DEX + DEX 

IGF-I (rig/ml) + HHS 

(A) hp&ith with (125-I)i& I&I b3.1~ 1. I@-1 binding ard acticn in tnrran fibrob- mayerS. 
for binding to hmm fibroldast nmolayers. points repmeat the INSM of triplirate detenrdnation~, and 
isl?zpresen~tiveoffourseparate experimntsIn this csprinmt, specific binding averaged 3.2%. (B) 
Stinulatim of (methyl-H) thymidine incorpxaticm into humn fibroblasts by natural IGF-I (.&rich) and 
(lhr-%)-ICF-I. I&a are shown for stimlaticm by I&I alme, I@'-1 + lo-7M dsaxtksune, and I@-1 + 
dexaoethasane t 0.5% humn hypopituitary tm-un (HE). Ekrs indicate tk nmn of duplicate determinations, and 
individual data are depicted by the two aymhols with each tar. Open bars: nati I@-1: stippled bars: 
(lhr-59)-IGF-I . 
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60 
l slGF-II 

PEPTIDE (rig/ml) 

y  2.Gn4x2titimtith(125-I)iodo ET-II for bindingto rat placentiueh~. Specific bindingms 
29. . (n-R-59)-m-I is desigmd rIGF-I. 

~results~obswedwithother~,lines(Figure3).~tith~cells(~~),xl% 

~iti~with(l~I)ioQIcaF-II~observedwith4ng/ml ofIQ?-lI.l$rMLentcmpetitia-1required34 

ng/nll of natual m-1. Mc)kRMT, (lhr-5!3)-m-1 -~ti~asbighasm~mlresultedindy1a 

rtAxztimh(125-1)iodoIGMI binding. Inrnshanepreparati~derived frantk18,%SFceU line, EC% 

caq&itimwasobsarwdatI@-II coIl!mltratim of 3 rlghl and natural m-1 cxxmtraticmsofBrlg/ml 

(Figure 3B).Hchwer, (lhr--59)-IGF-I, at corcentrationsashighas40[)ng/ml,resultedinonlya~deuease 

in(12SI)iodoICF-II binding.,& is typical of IGF-II receptors, insulin- little, ifany,affinityfor 

thisreceptor,evmat cLorcentxatials ashigb asl-1oughl. 

Toexcludethepmsibility tit the discrepancies in recognition of the I@II receptor wre due to 

caeimimtim of tknmiral I@-1 prep3ratimwith ET-II, three IGF-I prepwatia~kere radioimnmassaay~ 

1 A IGF-II IStockholm) \ 

L 

103 0 

PEPTIDE bdml) 

4 IGF-I (StockholmI 

~~~~~itim~Yith(12Fl)iodo.I(T-II for binding to (A)E?RL-34 rat liver cell mmhanesard (B) 
msnbmns.Speclficbin~in~~ 

hai 19.a. (Thr-59)-m-I is designaM rm-I. 
roanbraneskas8.6%. Specific binding in18,5G-SFrmabrxs 
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PEPTIDE (rig/ml) 

Radioinmxesa Figure 4. y  for ICMI Gpqtide. (Thr-33)-ES-1 is designated rIGF-I. 

for 1GFX.I by the method of Hiniz and Liu (19). This assays enploys an antibody gmerated against the 

syntktic8-mino azid Gpeptideregicm of IGF-II. Since this sqmthasnoapparenthamlogywithth 

Gpeptideregicnof IGF-1,thisRIA ishighly specific forhumnIGF-II. Ascanbe seeninFigure4, neither 

(lhr-!j9)-IGF-I, natural ET-I (&rich) or natural IGF-I (Stanford) were recognized by this antibody, even at 

peptide cuEcentratioIls of 4EJnghl. In this assay, natural IGKU (Stockhlm)umpetedwith(12.5-1)icdo 

IGF-II-Gpeptideatcmcentratimsof 2Ong/nil.lhus,~ estimte that any potential cm&mination of I@-I 

prepxmticm with immmoreactiveIGPII nust be less than %. 

DIscussIcN: Prior studies of I@-I preparations isolated fmnhmmplasmhavedmmstrated aconsistent 

affinity of IGF-I for theIGF-IIreceptor(1,4-8). Ingeneral, IGF-Ihasbeenfound tocmpete for this 

receptorwith5-2GZof thepoter~y of IQ?-II.Thus, initial observationsthatsyntheticor rexnbinant 

N-derived IGF-I preparation xxmgxkd theI~-Ireceptorwithasubstantiallyl~affinitythannatur?il 

ET-1 prepxatimswre surpri.sing.Nev~ess, tkse findhgshave beendmmstra ted in a variety of cells 

and tissueslichin IGF-IIreceptors, imM.ingratplacen~ mmbranes,18,54-SFm?mbranes,BRL3A rat liver 

cell~~~,K562~~l~cells(datanotshown)andhullEmfi~b~(datanotshown).In 

allof these studies, bothsyntheticand recanbhant INkkrived I@I dElmmtmti anaffinity for m-II 

receptorstichwsmly l-1Eof that exhibited by natural IGF-I preparations. Similar observatia~have hew 

dexribed by Daughadayetal (18)andre~ntlybyWonand cmrkers(21)inL6myoblasts,Inthesecells, 

caqetitive binding and affinity cross-linking studies have -ted that rezallbinant lINA+ierived (nr-59) 

W-1 hasalowaffinity for type11 kceptors. 

lk?sediffemEes ~tbeascribedtoamrsinardnoacidccmpositianofthesyntheticand~~ 

preparaticns.Both peptideshavehadcareful doamn tatimofmrimacid =v=== (9, 12). F-9 by 
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radioimnmwssay,~ti~bindingproteinassays,bindingtoI~-Ireceptors,wdbiologicalactivity, 

thsepreparaticnsbehaveinaummer identical to natural m-1 (9, 10, 12). Sindlarly, our data ilxlimte 

thatmtural IGF-I and (lhr-59)-IGF-I canpeteqklly for the I@-I receptor in hwmn fibroblasts, aml have 

~uivalentpotencyinthestimilatianof(methyl-~)~~irwrporation.'IheseinvestigatiasaLso 

dennstrate thatthelowaffinkyof(Ihr-59)-m-1 for the type11 feceptor cannotbeascribed totbe 

auhstitutim of thrme for mthimineat pxiticm 59, sim.e(Thr-59)-IGF-I aml sIGF-I b&vevirtually 

identically in receptor binding studies mploying (12.5-1)iodo I@-II as radioligand. 

The dixrepantaffinitiesof natural XT-I, whencqa& to(W-59)-IGF-Iand &F-I, suggest severat 

p3ssibiJi~.Itiscertainly conceivablethatthenattml IGF-I prepamtions, whicharepuifiedfmhmm 

pkm, are cmtaminated by sufficient quantities of IGF-IItoacccmtfor theapparenthighaffinity for the 

IF-IIrecept~.~ethis~bilityrmstbeconsidered,itisofnotethat~three~~preparations 

~vehaddetenrdnationofaminoacidcanpositionand,attheveryleast,K-~~acidaFalysis. 

Ad~ti~y,aRIA~~~anantibody~~~the~~eGpeptideregianofI~-~failedto 

detect I@-ITactivity inany ofthenatural W-1 prqxu-ations.Alth3ugh thelower limit of sensitivity of 

tbissssay isaily2On$ml, no IGF-IIactivitywasobserved atpeptide concentratiw as high as 403 n&l. 

~,thenaturalI~-Ipreparationscould,atthevery~,beonly~~~~with~oreactive 

IGF-II. Itismcertainwktkr this level ofcmtmination could acmmtfor the r&latively highaffinity of 

* preplratians for the IGF-II receptor. 

A smmd possible explanation for the relative inability of ('Ihr-59)-W-I and sIGF-I to recognize the 

I~IIr~~~isthatthetertiarystructuresof~peptidesmightbealteredinawrmer thatwuld 

permitbindingtothetypeI,butnotthetypeIIreceptor.WhileourQtaareconsistwtwiththis 

possibility, wmildhave touwrludethatthetertiarystnrturesofboth(Ihr-59)-I~-Iand sI@-Iare 

fllfficientlydifferentfmnthatof~~I~-Ito~tthese~~tbindingpatterns. 

Finally, it isconceivable that IGF-I pnified fmnpmledcohnfraction IVofhmmnplam~representsa 

heterogeneauscollecti~ofpeptidesthat~naturallyinp~,arare~~~during~pr~of 

peptideisolaticnandpnification.2unsteinand~(22)haverepartedthatI~-Ifmnoutdated~ 

ph contains a predauimnt fm with a p1 of 8.25. Hwever, subfcam with pIs of 8.740, 8.5, 7.9 ~IYJ 7.5 

arefoundinMlyingproportionindifferent~fractionIvpreparations.HeterogareityofIGF-Ion 

electrafocusinghas~beenreportedbySvobodaandVany3((23).It~ywellbethatthesef~naybe 

equident by ICCIradio immotm3yorradi~~y,and still hwewqingaffinityfor theIGF-II 

reCeptor.Rmmtly, Blunandco-mrkfxs(2k)havepwified six smitmzdin-likepeptidea fmhmmnplasm 
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Cohn frxtim IV by a canbinati~ of chrumtofw and reversed-phase hi& pressure liquid mtography. 

Three of these peptides have basic iaoelectric points, while three wre neutral or nrildly acidic. By rat liver 

cell msnbrane radiorecept~ y, the three bask peptides wzre found to have varying affinities for the 

IQ-LI receptor, but in all cases, thzir affinities ware <1% of the affinities &b&d by the xidic 

preparations. whether these variants actually circulate in plasra, or represent products of the extraction and 

purification procedures remins to be establi&ed. 

while the exp~tim for the binding differexxs zsml.g natural, recunbinallt and sylthetic IGF-I z-e&n 

utdamm, these obswations have important implicaticns for investigations of I@ receptors. I&a obtained 

with me IGF-I preparation cannot be autamti&ly extrapolated to other forw of IGF-I. Rather, wz nay find 

ttat each Xi?-I preparation provides us with a diffemnt perspective on the ccfnplex interactims of the IGf?s 

and their receptors. Indeed, the different affinities of these IGF-I preparatims for type I and II receptors 

may psmrit their use as specific probes of saaatanedin action. Finally, potential contition of natural 

IQ?-1 preparaths with smll quantities of IGF-II uay have resulted in overestimtion of the affinity of plre 

IGF-I for the type II I@ receptor. 

V: ‘his work was supported in part by NIH grants -29 (RZR), I%(36054 (m), IX24035 (IUH), 
and M(lfW7 @IL). KU is the recipient of Reszwch Career Developnznt A& X01275 fran thz NIH. 
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