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!XMYARY. Humanrnxocyk~crqhagemacrcphages incultureexpress specific receptors for 
lawdensitylipoproteins (I.DLreceptor) andh~~~~acetylatedI.DL WmL lfecep 
tars or scavenger receptors). After 24 h in lipoprotein-deficientsennn, the 
cells expressed 2-3 fold nrore AcIDL receptors than $IJJ,,I~a2q ~~5 by 
trypsinreleasableradioactivityafter~sureto - 
37V. The efficiency of intracellular ligand delivery by the two receptors was 

inthesameoellsexposedtoeitherligand~ridenticalconditions. Tkse 
results suggestthatthe scav~gerreceptors recyclemxe rapidlythandoIDL 
recepbrs . 

IMiKDEIIa. Polypeptide-bindingreceptorsthattransportmoleculesintothe 

cell for further metabolic processing have been categorized as class II recep- 

tors (for reviews see 1,2). Cne of the distinguishing features of recqtors 

belongingtothis class is that the receptor is reutilizedsultipletimas dur- 

ing its lifetine. In the case of tbs well-studied law density lipoprotein 

(IDL) receptor in hm cells, the efficiency of internalization of IDL has 

been shown tobs directlypqxxtionaltothe fractionof surface receptors that 

areasscciatedwithspscializedcell surface invaginaticnscalledclathrin- 

coated pits (3). 

Thehuman~c~~~~~recentlyasacellofmajor iqortance in 

lipoprotein metabolism. Oneof theunigue features of these cells is thepre- 

senceof severalhighaffinitybinding sitesonaircell surfacesthatrecog- 

nizecertainnaturally occurring and chemically+cdified forms of lipcproteins. 

Distinct binding sites for IDL (41, negatively charged IDL (5,6) and B-VIDL (7) 

rBBmmATIONS. IDL, low density lipcprotein; AclBL, law density liwrotein 
modifiedbyacetylaticn. 
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havebeendemnstrated. In~~~tstudies,hcwaver, thedegradationof 1251- 

1abeledIDLhasbeenueedasanindirect measureof receptoractivity,and 

little is knmn about direct ligand/receptor interactions on these cells. 

In this study we have addressed the question of the efficiency of intra- 

cellular ligand delivery by tm distinct hmen mmcyte-mcrophage surface re- 

ceptors, namely those for IDL aud acetylated IDL (AcIDL). 

Cellpreparationaudculture. Bloodwas obtained franhealthynormalvolun- 
teers after a ll-hour fast. Mnocytes were separated franMmle blood by me- 
thcd B of Fogelrnan et al. (8)5as described in detail elsewkre (9). Cells were -- 
plated at a density of 4 x 10 cells/O.5 ml/16 mn diameter cluster well (Falcon 
I&ware, Oxnaxd, CA) in WMI 1640 mdim (GIBCJ, NY) supplmentedwith 20% (v/v) 
autologous semn. Cells were maintained for 13-17 days at 37T in a htidi- 
fied, 5% CC /air incubatorandwere fedixiceweeklywith freshmdimcontain- 
ing 20% autkgous serum. ThismsdimwaschangedtoIU?MI164Omsdiumccxkair1- 
ing 10% (v/v) pooled hman lipcprotein deficient serum 24 hbefore thecells 
wereusedforlipoproteins&abolismstudies. Thispmcedurewaseaployedto 
upregulate the relatively low IDL receptor activity the cells express after 2 
weeks in culture (6,lO). 

Assays and chanical pmcedwm . Human I.DL (d=1.019-1.063 g/ml) and lipoprotein- 
deficient serm (density ~1.25) wsx prepamd by disccntin~ gradient centri- 
fugation (11) andpreparativeultracentrifugatim,andacetyl.ationwasperfor.n&i 
by,the math&of Goldstein.et al. (12). Native and acetylated IDL were iodi- 
natedwith Ibytheicdme mnochloride method as modified for lipoproteins 
(13). To assay for IDL and A$DL mf?tabolig", cell layers received 0.5 a50f 
fre~5RPMI1640medium~~llpaprotem-deficient~towfiich I-I.DL 
or I-AcIDL~eaddedattheindicatedcancentrations,ei~intheabsence 
orpresenceof 4OO~gprotein/mlunlabeledIDLorAcIDL, respectively. Thecul- 
tures thenwere incubated for 4 hour~at37~C. After incubation, themdimwas 
removed, and its contentofncn-iodide trichloroacetic acid-solubleradioacti- 
vity measured (14) (degradation). 

EZP!ZiL*ihsm 

Tk cell layers mre washed extensively at 4T 
reviously for skin fibroblasts and smoth rmscle cells (15). The 

meamredbyincubatingthewashedcelll.ayers at 
37’C for 5-8 min in 0.05% tqpsin/m (GIBCG, NY) buffered with 20 M+l Tris/Hcl, 
paI 7.4. Thismdiumwas collectedahdthe cell layerswashed 3 timeswithphos- 
phatebufferedsalineandthecellsdissolvedinO.lN~forthe~~t 
of tqpsin-resistant radioactivity (intracellular) andof m&in-tent (16). 
CellularDNAcontentswarelWasuEd as described (17) and IjH 
ticmin~prateinswasmeasumd 

-1eucine incoqora- 

uCi/ml for 2 hours at 37Y and 
aftere.xposureofthecellstothetracerat4 

trichloroacetic acid. 
measuring the radioactivity precipitable by 10% 

ter discs (17). 
Precipitates were washed and collected on Millipore fil- 

RESJLT8ANDDI8CDS8ION. Purifiedhman mnocytes, seeded at the relatively high 

density of 4 x lo5 cells/l6 rsn d&mater wall, resulted in partial covering of 

thegrmthsurfaceaftercellularattachamt. Duringlaenext 2weeksthecells 

grewdramatically insize; thiscausedthegrowtbsurfacesoftkvlRl.lstobe 

totally coveredbycells. After 2heeks inculture, thetightlypackedcells 
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displayed a %obblestone" appearance when viewed through phase contra.& optics. 

The cellsr&ntainedthisnmphologicalappearanceduringall the procedures to 

assay 125 I-lipoprotein mstabolism. It is important to note that the cells did 

notrounduporbeccm detached franthe culturedishduring the trypsin-treat- 

mnttoremve surfaceboundmaterial. 

125 I-u& and 125 I-AcIDLbind~,intracellularcontentandrateofapapro- 

teindegradationwere mrparedaftzra 4 hour incubationat37T as a function 

of lipcprotein concentration (Fig. 1). At each concentration of 1251-lipoero- 

tein,duplicateculturedishes alsoreceivedanexcessofthecorrespondingun- 

labeled lipoprotein to control for non-specific, low affinity processes. The 

cells demnstrated relatively high affinities for the binding of both ligands 

and apparent half-mxi.mlbinding occurred at 13 ~g protein/ml for 125 I-IDLand 
. 

at 5.5 ~g protein/ml for 125 I-AcLDL. Although maximmbindingcapacitywasnot 

reached with 125 I-LDL,extrapolationafterl inearization of the data yielded a 

2-3 fold higher maximum capacity for 125 I-AcIDL than for 1251-IDL. Similar ki- 

netics were observed when 125 I-apoproteindegradationrateswereassayed, indi- 

cating the validity of using degradation data as a measure for receptor activi- 

ties. The intracellular content values obtained with 1251-AcLDL indicated 

slightly lmer affinities than the affinities obtained with the other trJ0 para- 

meters in the wrinxznt shown in Fig. 1. Ihis was not a consistent observa- 

tionand inotherexperinrzntsgoodagresaen t between the three parameters was 

observed bee Fig. 2). 

Franthevalues illustrated above, it is clear that the total amounts of ei- 

ther lipoprotein internalized (intracellular+degraded) during the 4 lmur in- 

cubation are several-foldhigher than the corres~gamunts bound atanyof 

theconcentrationsused. This could result fran recycling of cell surface re- 

ceptors or rapid synthesis of new receptors. InthecaseoftheLDLreceptor, 

evidence for receptor recycling has beenwellestablished inother hman cells 

(3), and therefore is likely to occur in macrophages as ~11. Hmever, to rule 

out rapid synthesis of the AcLDL receptor, theexperimntswereperformadinthe 

presenceandabsenceofcycloheximide. Humnmacrcphages incultureweremuch 
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Figure 1: 125 I-IDL and I.25 I-acetylLDLme$&olismbyhmmmnoqte-mc ophage 
Cells wsre treated, exposed to "'I-lipoproteins and unlabeleZ lips- 

S. 

proteins, and analyzed as described in "W&erials and M&hods". 
SaWable activities, which represent the differences at each con- 
centrationk&weenthevalues obtained in the absence and presence 
PSsthe -=TP!P gexcessunlabeledlipoprotein, arepresented. 

I-IDL (O), I-acetyl LDL (0). All values are theqag z- 
duplicate incubations carriedoutfor 4 hours ateach 
labeled lipoprotein comentraticms. 

Figure 2: Tne effect of cycloheximkk on 125 I-acetyl IDL metabolic by humn 
mxmW+macrWs. Theexper~tdescribed inFig. lwas re- 
peated in the absence (@I or presence (0) of 10~M cycloheximide. 

more sensitive to thegeneralcytobxiceffectsofthisd.rugthanotherhuman 

cell types in culture. After exposure of hmanmacrcphages to 0,lO or 25~ M 

cycloheximide for 24 hr, DNA concentrations were 1.55, 1.44 and 1.08 ug/well re- 

spectively, and 3H-leucine incorporation into trichloroacetic acid-precipitates 

was inhibited by 0, 89 and 96%, respectively. At higher cyclohexbide con-- 

tratims, thecytotoxiceffectsof thedrug- easily apparentmxphologically, 

aradwere~irmedbyadramaticr~inDNAcorntentofthe~~s. There- 
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f0~,WhenqcloheXhideWasUsedto inhibit protein synthesis, a amcentration 

of10 ~Mwas judgedtobeoptimal. 

The c?xprinrent shmn in Fig. 2 was done in the presence or absence of 10 PM 

cycloheximide. The amount of 125 I-AcLDLboundanddegradedwasunaffectedby 

this treatment,while the intracellularcontentwasless in thecyclokximide- 

treated cases. Since the majority of 125 I-AcIDLinternalizedwasdegraded, this 

effect of cycloheximide on intracellular ccmtent had little influence on the net 

armunt of lipoprotein internalized (i.e. intracellular + degraded). 

To evaluate the efficiency of 1Qmproteih internalization, an intemaliza- 

tion index (18) was calculated for 125 I-IDL and 1251-AcLDL. It is clear that in 

each of three experimnts (Table 11, the internalization index for AcIDL was 

much higher than that for IDL. The differences encountered in the absoluteval- 

uesbelxeenthethreeexperimnts areprcbablyrelatedtodifference SbfZtulRen 

cells isolated fran different donors. The higher internalization index obtained 

with AcIDL carpared to IDL indicated in the first place, sore rapid rates of re- 

ceptor intexnalization and surface rep1 acemntof AcmLreceptors. FuHhenmre, 

Table 1: Inte.rnslization snd JJegradation Indices and Recycling Tim% of the 
IDL and AcLDLFbxepWrs 

Experimnt# Internalization Index Degradation Index 
(Conditions) ,Intracellular +Degraded] Desraded L fIntmcellular + ecunal 

1251,LDL 1251~AcIDL 1251-IDL 1251~AcmL 

1 (cyclohexinl.ide) 39.ot1.3 84.4i9.0 4.3io.3 8.6t1.5 
n=5 

2 (tcycloheximide) 12.6t2.0 50.228.1 3.320.5 16.7d.9 
n=4 

(-cyclohexhlide) ND* 50.2k4.5 ND* 11.1+1.1 
n=5 

3 (tcycloheximide) 8.5k2.0 65.9k5.3 1.9kO.2 9.4kO.O 
n=3 

(-cycl&Alnide) 8.5f4.7 52.3t2.4 1.4t0.8 8.0f0.3 
n=3 

Values obtained ateachlipcprotein cmcentratim in the threeeqeriments 

were calculatedadare representedas themsan+stadard errorofthemsn. 

Experiments 1 and 2 are those illustrated in Figures 1 and 2, respectively. 
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since the internalizationindexforboth ligandswasumhangedwhenproteinsyn- 

thesiswasinkibited,~cancludethatreceptorrecyclinga~~forthere- 

placesrent of both types of surface receptors. Itappearslikelythatthenore 

rapid internalization of AcLDL caqared to IDL, reflects a nore rapid recycling 

0ftheAcLDLreceptor. Onthe other hand, the totalrecyclingtin-f2s for the two 

receptors, as opposed to the rates of internalization, could be similar if a 

largeproportionof t.heAcLDL receptorswerepresentintracellularly. Further 

studies are necessary to resolve thisguestion. In Table 1 wa also calculated 

values to assess lysosaml degradation, i.e. a degradation index. Since the 

differencesbetwee.nAcIDLandIDLassessed inthiswaywere still apparent,we 

oonclude that lysosaml function is not limiting for the degradation of the two 

ligands and that degradation follows directly the efficient intracellular deli- 

very of ligands. 

~hen~LandAcIDLreceptorshavebeenocmparedinh~m 

ges, higher receptor nuabers and apparent affinities have been reported for the 

acetyl IDL receptor (5,6,10). Wehaveconfimedthesedifferences inthepre- 

sent study;and in addition, have demrmstrated a remarkably higher efficiency of 

ligand internalization by the AcLDL receptor carpared to the IDL receptor, ana- 

lyzedatthe sam tine, underidenticalconditions in the samcells. It is 

thereforeclearthatinreviewingall the receptor functionswhichwilldeter- 

minetheratesofIDL~negativelychargedIDLmetabolismbyhuroanmacropha- 

ges,the aoetylIDLor scavenger receptorismuchnore effective QkanthemL 

receptor. In addition, as reported previously (61, auto-upregulation of the 

acetyl IDL receptor also occurs in these cells. Thus,thehmenmacmphagehas 

the ability to rapidly and efficiently catab3lize pltative "altered" lipopro- 

teins frantheir imnediateenviromant. When this process is not balanced by an 

equally efficient removal system for cholesterol, cholesteryl ester accmmlatim 

andfoamcell foImki.onculldensue. 
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