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19. ABSTRACT. (Continuation)

-=v tually all HII% budded into and accunlated within cytoplasmic vacuoles, and virus
particles were only infrequently associated with the plamsa rPenrane. Retention
of vi.us within mcrophages and the macrophace tropism of b-ZIV variants m~ay explain
mechani s of both virus persistence and dissamnination during disease.
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EFFICIENT ISOLATION AND PROPAGATION OF

HUMAN IMMUNODEFICIEN(Y VIRUS ON RECOMBINANT

COLONY-STIMULATING FACTOR I-TREATEI) MONO()YTES

BN HOWARI) F. (ENI)EIMAN,*JAN M. ()RFNSTEIN, MAI (:OIM A. M.RIIN.'
CAROL FIRRL'A.* RITA MITRA.,1 'IERRI PIIPPSl LARRY A. \VAIIl.:

If. CLIIFFO)RD LANE,' ANTHO(NY S. F'AL'(:I,' DOtNALDI S. BU.RKE,,[

I)ONAID SKIILLIMAN, ' 
N D MONTE S. MI. FLZF R E

Fron the *Laboratory of Molecular .lit riolog'. .\ational Instiulte ot .11h'rgy adl I,

Ian 1Le 'Labo.oaoi ' o ticrobiology and Immunology. National I.atitnie o/ I'l/a/ lwl(th:
and the 0l.aboiatory of Immonoregulation. .AIAII). National Inqttute,' of Ieallb, Blhedo.

MWaryland 20892; the lepartment of Pathology. (,'rge lioshington I "nivo i Aledi/al Cent',.
Wa.%hington, DC 20030; and the ' II lter Reed ArmiY Iqitute to Rewaih, Iloilo, Reed tiny

Medical Center. Itel~shington. DC 20317

Infection with the human immunodcficiencv virus (1tlV) (1-3) often results
in clinically apparent disease only after intervals of monhs to vears. During this
latent or subclinical phase of infection, HIV continues to replicate at low levels
despite an often vigorous but apparently ineffective host immune c response (4).
Mechanisms that contribute to this persistent, low-level infection, as well as the
cellular reservoirs for HIV during this latent period, are not fully understood.
Several lines of evidence now document cells of the monocyte/nmc ro)liage lin-
eage as major targets for persistent HIV in vivo (5-1 2,. In this respect. HIV is
similar to several ruminant lentiviruses that show strong tropism for macro-
phages during both viral latency and active replication (13-15). If macrophages
also serve as a viral reservoir during HIV infection, then analysis of these
infected cells may explain mechanisms of viral persistence, dissemination. and

ultimately clinical disease.
In this report, we describe an in vitro system that allows replication of fItl V

in blood-derived monocyte/nmacrophages from normal donors. Purified mono-
cytes were cultured for intervals > 3 mo in medium supplemented with human
rCSF-I (16, 17). These cultures provided susceptible target cells f01r ItI1k intfec-
tion. Cocultivation of PBMC from patients with Al)S or AlIS-related complex
(ARC)' and rCSF-l-treated monocvtes from normal donors resulted in isolation
of progeny HIN virions in the majority of patients tested.

Materials and Methods
.olation and Culture of Peripheral Blood MolotveA.. Populations of itiotmocNxtes wcre iko-

lated tv cotmitercurrent centrifugal elutriati n of' nintnuccar leukaN-te-ri h tractionts

II. F. (Gendetran is a Carter-Watue Fellow f (of oliuimhia 1i\ersit\ ( ltege t P is aI d Sit Su -
geons, New York, NY, Address co rrespor(d)t ie ',- ,, I)r \. S. Departmcer. I)epatijent tfh 111111 Lt iug\.
Walter Reed k.rtv Institute of ttcscarcl. Washington. )( 20307.

' . rlowvujlon' used in this paper: ARC, All)S-related complex; I'A. Uliramls ;1(uet 11c
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of'blood cells f'rom normal donors undergoing leukopheresis (18). Cel-l suspensionsm were

> 96% mionocvtes bN the criteria of (elI ttiorphologv ool 'riglit-stained cvtostnears (06
+ 2%, meani ± SEM (or six determinations), I)v granular peroxidiase ( 95 ± 3tV), and b%
notnspecific esterasc (948 + 2%). Elutriated nionouvtes werc cultured ats adherent (-eli
mronolayers in D)M ENI (formula 78011 76A J, (ibco, G;rand~ Island, NY) supp)lemen~tted with
10% freshly obtained, heat-inactivated. normial humian scrum. 5I) mg/ml gentamicin, andl
I ,000) U 1'ml rCSF- I (Cetus (:orp.. Enmville, (A) (16 1i I7).

tAlation and Culture (?/ J'fl.4Aimulated IBMi( (I. ymphoblej i). PBNI(: iso lated f'rom
whole blood by Ficoll-diatrizoate dlensity grandcint ceit ril'ugation were crvv preserved
and stored in liquid nitrogen. 3 d before use for virus isolation, tells w.%ere quickl\ thawed
and stimulated with the T cell ntitogeni, PHA (1-3).

Viuus Lvol/a/mn b-vMnc- virLvnilhobo.st (ocutivalion. Monocvt cs treat ed with r S F-
I and maintained in culture for at least 7 d were usedl for cocultivation exp~eritments with
f'reshly isolated PBMC front seropositive H IV-itf'ected individuals. Aliquots of'Ficoll-dia-
tri/oate-separate(I PINIC (5 X 10'f cells/culture well) were adttixed with equal nutmbers
(of' adherent rCSF- I-treated mionocvtes in 1 6-mtn-diamcter culture wells (Cl1uster
Costar D~ata Packaging Corp.. C;ambridge, MA) or with suspensions of PIIA-stivaulated
lvmplioblasts (1-3). Fluids from all cultures were sampled (1ail\ and assayed h'. FLIISA
(Cellular Products. [In-., Buffalo, NY') for p~resence (of' IV-specific atntigens arid1 or
reverse transcrigtase activity for at least 41) d. Reverse tratiscriptase assays were pr
f wined with f TI P (leo xyti hy miditcri l)lllit e in a pro( toco l mio d ified froint that
dlescribed by Gofet Al. (09, 21)).

ImmnoI nwlurevsence.AnalvA bv Hen7,' (.vvMetry. lininfectedc (mI d1) and HIV\-intectcd (401
d1) r( SF- I -treated mtonocvtes were cultured and recovered front Tllon-oated tissue cul-
ture flasks (Cole-Parmer Instrument C o., Chicago, 11.). For all exp~erimtents, 1))' cells,
w.ere incubatedl with 1: 100) dilution of niAb anti-HI.e- 1 ((1)45. Bectoni Iickins in & Co..
Mountain View. (A), L eu-M3 ((1)4. Bctoti Dickinson & (Co.) B4 ((1)19),. 5 (CD l10),
T4 ((CM), T6 (CDO) T) 8 ((:1)), and T)] JC )D2; A) rom Coulter liiitiiutiologT . I lialealt.
Fl.) or 1:5(0 dilution of' pooled AlI1S patients' sera I'rott IllVN- I- atnd HIV-2-ittfected
individuals. After the initial antibod-s incubation, cells wete washed after ettrifuigat ion
and resuspended iti 1: 100 dilution of' fluorececin-conj ugated ho( rse ati i- t icse ort goat
anti-human IgG I mmunofluorescencuc of' individual cells previ ill fixed in V;( para-
fhormaldehvde were analyzed by FACS flow cxtometr\ -

D~etection of 1111 '-slecilfa Po~vliel lde.% hy RadioJmnmu nopvetiion . Adhierent tin c lavers
of'r( SF- I -t reatedl tincyt es cli oinical lv itnfected (3(1d) with Ii IIV'- I (patient Adsa. Se ct(1
p~assage) were washed twice and cultured in) inetiiionine-f'ree l)NI FM with 2( dialv/ed
F( S fo~r 2 Ii. C ells wvere labeled with [:"Sinietiv ine (1001 MO,,nml) fotr 8 Ii. Radliv labeledl
(-elI Mvates were tmixed with AlIDS p~atients' seta for- 1 2 It at VC( avid the immtuine comii-
plexes were recovered (on proteici A-Sephiaro.se (Pharmlacia Fine C hemicals. Piscaulaa
,NJ). Fluted immune comtplexes were subjected to SI)S-PA( F as (1lescriliec (2 1).

Detection of UIV '-Apecijic DN.'A b - Son/u'rn Blot 11ly bridizatisme. D)NA N~a liiparcd f'r m
IV-infected (patient 12(1 isolate, second passage at 310 d1) r( SF- I-treated tllnocve% and

analyzed fi(r presence (if virus-related seqluences hy Southenl blot lvvbidi/atr i(if, fI1itul
Ill-digested cellular D)NA with the p~ennfi gag-po/-enzi probel (22).

In Si Hvb' ridizatn with /fit' RNA I'vvbeA. Subgenoniic viral D)NA fragtietits lITeSevIt
iti p)B (23), l)Bentlb (22). pHI I (23), andl a reconibinant Iplasi (I (R(;-Bw tiat chottains
at 1 .35-kb Hind Ill fragment mapping etwent 8.25 and 9.6 kb ott the pry iiral DN)A
were subcloned into SP6/T7 vctotis (Promega Bioter. Madison, WDI. atnd ilie poo led
l)NAs were tratnscribed usin~g Y'S-LTIP (Amnersliat (.orp., Ai Iingt, ,n IHeightrs. 11.). [lie
labeled RNAs were incubated with 41) tM NalI(( )/60 pMl NaA), 1 1(0.2, before
hvbridizat iot to fuAcilitate their entrv itnto cells. ( stostiears of cultured ttvottc vcs es wre
p~repacred1 onrto po-lvlsine-coated glass slides, fixed in) periodate /Iv~nc pa (rr.lal Oell\de
glutaraldehvde. and pretreated with proiteinase K, triethianolatnine, and I I( . Spcins%
were prelm'hridlized ivi 10 mM iris (phi 7.4), 2X SSC (I X SS(C is (0.15 \I N.a I, 0(.015 \I
--odliumi citrate. ph I 7.4), IX IDenhardt 's solution (((.1(2% ovitvlntyi ivv e 0(.011
1-teoll. 0.02% BISA), and 2001 pig/tI least tRNi\ at 45*( for 2 It, and livbidi/ed itt this



1430 ISOI.Ai IN OF HUNIANIMIND-JINX\l1

solution with 101% cxtran sulffate, 5 AM~ dlithioitfircitol arid 10" cptn "S-labeled I IIV
RNA. Slides wcre serially washed inl solutions with RNase to reduce binding of" ronli\-
bridliid p~robe. Autoradiography was pertoried in absolute (larkniess (6).

io control for thc specificity of inl situ hybridiz.ation. probes syNntliesi/edl inl the sensee
orientation (sanme polaritN as viral mRNA) were incubated with replicate (ell ppaa
tions. Additionally, uninfected cells wvere hybridized wvith antisensc probes (i.e., colauple-
mentary to viral rnRNA).

EM Examinationi of Molloc 'Vte Cultures. IlV-infected or uninf'eccd r( SF- I-treated
nionocyt es were grown onl plastic dishes or recovered fronm Teflon flasks. Cells wsere lhar-
vested at 10U and 40) d. washed inl PBS, and immediately fixed with 2% glutaraldeh~de inl
0. 1 MI cacodvlatc buffe-r (pH- 7.4) overnight at V0C. Fixed cells were gently transferr-ed
to 1.5-ndi microfuge tubes using a large-bore Pasteur pipette andl were pelleted after
centrif'ugation. T'he cell pellet was further processed through 1 % 0s(4), blocked iii uranyl
acetate (LA). stained for 1 11 iii saturated UA inl 50% ethanol, deliydrated inl graded
ethianol and propylenec oxide, and embedded inl elpon. Thin sections were stained with
LTA and lead citrate and examined in a Zeiss FMI I OAR ENM op)eratitng at 60t kkV.

Results
Culture of, rCSF- I-treated Blood AMonoeyles. Relatively pure populations of'

mionocvtes were obtained by countercurrent centrifugal elutriation of' mttnonu-

clear leukocyte-rich fractions of blood cells from normal donors undergoing leu-
kopheresis (18). Such (ell suspensions were > 96% mjonocvtes by criteria of'cell
morphology on "'right-stained cytosmeliars. by granular peroxiclase, and by non-
specific esterase. Purified mionocyies were cultured in medium supplemented
with 1,000 U/min rCSF- 1. After 5-7 d of culture, clusters of' rounded, loosely
adherent, proliferating monocytes were observed scattered throughout at n110ii(
layer of adherent fusiform cells (Fig. 1). Low levels of' cell division were con-
firmed bv [:tH]thymidinc incorporation andl the presence of' mitotic figures in
1-5% of the cells. In coincident experiments, m()nocytes in aliquots of the samei
cell suspension cultured without rCSF- I for 7 d appeared spread. vacuolated.
and granular. No proliferating cell clusters were observed and the absolute cell
number was < 20% of' the initial inoculurn. In contrast, the number of, cells inl
r(CSF- I -treated tuonocyte cultures at 7-I10 d ranged from 90-1I50% of the initial
inoculum. EM examination of' 1 00 indlividIual cells after 1 0 d inl culture sho-wed
that all cells had ultrastructural characteristics typical of' macrophages: irregular
outlines, abundant lysosom es, prominent perinuclear Golgi. and eccentric
nuclei. Cell surface antigens in these monocyte cultures were also characterized
at 10 d by mAbs and analyzed by FACS flow cvtomletrv. More thatn 98%7, of cells
were positive for H I.e-I (CID 45) and I.eu-M3 (Cl) 14); binding of anti-B14 (CD)
19),,15 (CD) 10), T4 ((C1 4), T6 ((:1)1), T8 (CI) 8) or TI 1 ((1)2) wecre each below.
levels of detection. Thus by antigcnic, histochemical, morphologic. and ultra-
structural analysis, virtually all of the cells in these I 0-d suspensions were idein-
tified as monocvte s/macrophages.

huola lion of HIV from PBMC o f Seropomsilive Individuals otto rCSPI'-Iireated
MWonor ' Vtr of Vo),,mal Douttos. Repeated at tempts to pr )pagatc established labo-
ratory strains of H IV in nionocytes were uniformly negative over a time interval
of' >6 mio (data not shown). These attempts were rep)eated wvith the rCSF- I-
treatedl nonocyte culture technique described above. Nionocytes treated with
rCSF- I for at least 7-10 d were used for cocultivation experiments with fre-slyl
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I-itt RI I . Lightll ti(ro~coj)i( (Itdatei'.tjt ~ of blood-deliked titoiioti ' i( tolittil X611iti
r( SF- I for (A) I10 and (I)) 41) d. Note litterogetieous (ell poptilat totl%: "Iilil ell,' u~it It t(t
1111t a IC11 tr11oMtnan tilad tnt tderatc (\ o plasnt: fat gel( (iI. wit Ii (I men c tilt I if Iftl. ( %to I I~ Ii
ad( cctetric ttoceus; antd mdtc idial fusifil Atit tIs ith tiloblaisi-likc tii phli. i rl
of aggregated arnd proliferatintg cells O rigiial Xogittoi 80Xi.

isolated PBN4( froml seropositivc H1flv-iiif'ccted inil~lidlts (lable 1). AlI 1 iqts of'

PBM( f'ron each of' fivc paitt w~ere (octilUI te ith I-( ISF-I -nteated .idlir-
Cflt iltflocNtC tionolavers and1( 5Usf)Cflions o PU A j1iniitedt(( PBMCt (I'i111 h( -

blasts) fromtnomal dIonors. C ulture fluidIs weCVC sdtljlf)c(1 (ladyj iiii(I aissaye( for
I-fIV-specific antigens and/or reverse traniscriplasc. Isolation of IIIV\ was Stu-
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T~km, I

I iuo I.'.uaIion Irm I1IAl( o/ II11l-inle~(('(I I'awII IN MA cla l)e or Lvinlihobtas

Ga It ii '11of'

I II's reverse trarmcriptase actiit\ in ulture
fluids of* pat ient P KNf(Ci )(cli t ed wit It:

Ptiennt
(:1) ' I* PHA-inidu -d i( SlF-1I-treatedl

iel Is/toni ' lympJlnit)Iltsts ll1CV(00it

(/0 /0 ( I

Ada: 36-s'r-old male hiomo sexual 252 I .0mm 70) 05 d1)
with Kaposi 's sarco ma for 4 r

Ree: 44-vr-old nae hiomosexual 2018 900 100 I (22d()
with Kaposi' 5 5dr(oi fo016r I Nr

120: 27-yr-old miale isv. dIrug abuser 360) 200( 40) (25 dl
willh ARC: for I yr

12 21: 32-yr-old malec iv. drug Amuer 582 500( None
Wiht ARC. for 9 mo

I16 7: 24-y-r-old mnale homosexual 4 33 Nione 16 (3 (36
willh ARC: for I yr

Aliquots of' Ficoff-dIitrizonare-sep~arated PBMNC were admixed with equal numbers of
adherent r( S F-I -w reated mono(%.tes or wit i PH1A-stimulated 1%noi blast s. Fluids friont
all cultures were sampled daily and assaved for 11IV-specific reverse tranw riptase am% i-
ity for 401 d. Reverse transcriptase levels represent peak aciiitv. Dlay at which virus %%as
first detected in tnoit cultures is shown in parentheses.

cessful in all five patients by cocultivation with rCSF- 1-treated nionocvtes orV
lvmphoblasts. Antigen-captu're assays confirmed isolation of' H IV irn each

instance. One patient had a lvniphoblast isolate and not a nionocvte isolate;
another patient had a nonocyte but not a lvmphoblast isolate. Withi tillec
patients, both monocvte and lymphoblast isolates were obtained: the peak
teverse transcriptase activity and HIV viral antigen level in lvnwphoblast cultures
were I 0-fold higher than those in rnonocyte cultures.

Progeny virions released in supernatant fluids of' infected rnonocvte and lviii-
phoblast cultures were used to serially infect other rCSF- I-treated t11onio(tC

andl lymphoblast cultures. In all cases, viral inoculum was adjusted to 5 XIo
cpm/ril reverse transcriptase activity in 0.5-mil filtered (0.22-jim filter units: Mil-
lipore Continental Water Systems, Bedford, MA) culture fluid. H-IIV initially iso-
lated on tnonocyte or lymphoblast cultures serially inf'ected normal homologous
cells with all isolates tested. Serial passage of H-IV (patient 120 isolate, see Table
1) initially isolated on monocytes into o)thter rCSF-1I-treated nionocvte cultures
resulted in at progressive increase in viral titer (Fig. 2). In) Ihe second passage.
distinctive changes in cell morphology and some cell death were noted in
11onoCyte cultures 8-14 d after HIV infection. Appearatnce of' cell debris and
changes in cell morphology in the r(CSF- I-treated monocyte m()ntolaver were
coincidenit with peaks of reverse transcriptase activity in culture fluids. Multi-
nucleated giant cells with > 20 nuclei/cell were noted in 1 0-20% of mionocyles.
Replicate rCSF-lI-treated monocytes cultured alone ats adherent tuonolayers or
cocultivaecd with PBMC fromt H IV seronegative control donors (lid not show
these changes. HIV-specific reverse transcriptase activity wats deteuecd in culture
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120

x

60-. 2nd passage ltd ~ 2 ~ jliiSiC51~j15 ii~te

t ....1 st passage t RdC 2.1 t-i ptis ~..\I j t i s isokiiiled

fro PBMC ofi en 1( et 12d 0 i et it Isi'S-1

It pasrsae tsu squtt age t t-olo \s tes -lq s o I -

V on llo5 f rome Ii titt 12 .. % s tlx cd it it h ltts Sd

30- 111djU1be(I to f miS rel ) I ( Sitt tit1 e it I e

10~11ol 20 I0 C0 scrirtas 5(t - it s I kil'tiol ( stitit lui

~~~~~~~~~fluid og ( .Sgiiaty tteeltrts pints mostk ofd thew clls

in the HIV-infeFoe moomo moolye appearedn morpofoiv inomal.-
Aferthcpasaesonho oou c e motim anc, d nlpl( ula H%I,

islae weret cao adde to hWeolgu cels pin each instance, sus1iedpr-

ductiveDay viral ifc intas no deostae. Siia.seradifrnstis

of HIV-1 , such as lymphadenopathy associated virus or I.AV that were each
maintained for long intervals in normal Ivouphoblasts or continuous T cell lines.
all failed to infect rCSF- I-treated monocvte/macrophage cultures even at viral
inocula 20-fold higher than that needed to infect lvmphoblasts. One mnacro-
phage-tropic HIV patient isolate (Ada) infected PHA-stimnulated lvnfphoblasts
after five serial passages in r-CSF- I-treated nionocvtes. In marked contrast tol tile
preceding observations, a well-characterized l-IV-2 isolate (Rol)) that had been
serially passaged in lymphoblasts and continuous 1'cell lines (24) infected rC(SuF-
I -treated monocvtes; peak reverse transcriptase activity, 2 XK 10 ' cptu 'lni wNas
detected 8 d after infection.

C:haracterization qf the Mlacrophage Varia nt HIV'. H IV-specifhc prmli ral D)N A
was detected by Southern blot hybridization of Hind II I-digested D)NA pre-
pared fromt HI V-infected (patient 120 isolate, second passage at 30(1 c) rCSF-lI-
treated monocytes (Fig. 3 A). Two cleavage products (4.5 and 2.0) kh) reacted
with the pBcnn6 D)NA probe. Radioitmunoprecipitation of' H IV-associated
proteins from ["A 5 ] methionine-labeled, H IV-infeccted WCSF- 1-treated inonocvtes
(patient Ada isolate, second passage at 30 d) showed detectable levels of, svnltlie-
sis for envelope (gp 160) and gp 1 20) and gag (p5 5 and p3 9 ) proteins (Fig. 3 B?).
L~evels of HIV gene synthesis in chronically infeccted mionocvte cultures were fur-
ther estimated by assay of virus-specific RNA and proteins. In situ hvhridi/ation
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taralehydeand wre i~eparelano tra)t11sio Fm.1irus pcarte were11
identified ~ ~ ~ ~ ~ ~ c in 1%o arpae xmnd iin' tyical No lentiviuse
(25) ere umerus (10-301 paticlemcel)ean \%ilrl loclid to) Iiit1a

oplasict vaoncles with I. 5.VRa prce si ad( anlsor ape taaoewas
ptaiedohi. Vros wer uommdonlyph seeocuddingd itolreS ctpsnIilt vacoes

butese onlyraevl prticlTese wrel, obsered asocated ih he contrstto tie

EMranysiia of Iine evident iutue r -Itretled othis chprnicpally
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I- -cawltllI1(\tc . SjIkei g1im% (I IIV-',1 cif R\.I mci lit, inku, lcd 411

Ibrane budd(intg was )lbscrved at hleelCls durIing filie MUI I phase f inlfeCt ill
(10-1i 1), but again intracellulalr alCCUInulionl (if virusl part ile1 \ithlin ('\I()
plastulic vacuoles was thle predominant finidintg.

The p)atterni of HIi crplicat 11)1 int mom )(vtCS Mid TCellS is 0t,1 hits er di terCIjII
Ii V -intected miotwiocs accuililaktC LargC tluntlI)CerS of lbUdl(I \ ir-US if] ilil FM~
tI )Jlasni( v'd(uolcs dluring bothI acute and~ chro nic ifectnins: release iii x~iru

f'r m the plasina mlembIrane is infi-c(tLtICIt Mid alt YeLatiW ivel h evel (O - It par-
tices/cell sect ion). This pattern of viral replicaItioni in r(.S F-I 1-t flcd(( lI( it1)(.\te5

was observed with three (lifferent patient isolates of' IllV (patients Ada and
12(0), and H IV-2 (R( )) viral particles wetrc idlent ied it - 151 o f tti 1 nc\ tces
examtined at 4-6 wvk. In contrast. tile 11 IV-in~fectedT ell releases large tlulibers
of* viral particles f'o ileh plasmia membrane (oftenI lIUn(IreClS OF iI ri( IlS cell seC(-
tion); the numbler of' viriotis that residle iln cvtol astlic vacitoles inth lese (celIs is

exceedingly stnall. Thc concept that ikV viriolis proiducedl if) Ilicti pli ages ac( If-
mu late nt raccelarlv, and are only inefficienitly tranlsportecd out of, the cell %%as
conffimed by cotmparison of, fluid-phase rever-se trans(crilptasc levels itn molloc vt
cultures bef I re andl after three successiVe freeCCe-thaW Ccycs. Th 1w a0tot1t11o
reverse trariscrijptase activity (detected in ntono(N Ic(nilturies after tht(, fr-e/e-t hai
cycles was 101-201 titmes higher (9 >K 10' cptII/tnll) thtati that of' cntrol levels.
V;irus released into culture fluids I1w freie-tltaw cycles was fully infections for
r(;S F- I -teateii t11ltoovtes.
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The prec(ding observations ddcullent recoverv of' -1l1V tropic for- miacro-

plagcs in a n~lajoritv of' patients tested. It is not (-fear atl this po )int whet her tilie
efficient isolation of' H IV front pients' leukocytes intol rCSF- I-treatcl mlonoi-
cvtes represents at change in target (cell susceptibility to virus or to increased
mnooc'te v'iabilitv inl culture over extended ltme intervals. The role of' C SF- I, at
miacrop)hage growth falctor, in IHIIV inf'ection of' macrophiages miay not be anal-
ogous to that of* thle T cell growth faictor, I L-2, for T cells (1 -3). We were ablec
to d (ocumtent onily~ a stmlall subpopulation of' proliferating tionocytes (-I 517c
(luring culture with r( SF- I, vet the percetntage of' H IV-inf'ected cells (ieteciedl
bN ini Situ lIvNbridi~at ion With H IV RNA probes or by inimunofluorescenice with
AlIDS patients' sera ex(ceded 60-90%. By whatew'r iiichanism, thle findings
presented in these studies, ats well ats those in previous reports that (lo('uiiin
biologically (list inct 1-11I%\ in b)rain atid lung tissue, implicate vat'iant II' ats mlajoru
participanlits in disease pathogenesis (5). The evidenice in toto strongly suggests

hie imacro phage variant HI V as at iiia jot' virus reservoir in eatry and late disease.
This coticept must now\ be included in future drug testing and vaccine devecl-
olpiieit strategies. Moreover, the nt racellulat' sequestrat io n of'vit'ionhs iii clit( n-
icallv iiif'ected Imacro phages suggests new models f'or viral persistence and thli
(disseminat ionI of' dlisease. Indeed, ac'cuimulat ion of' 1-1V within cvtr plasntic \ac-
tw des of, iiacr pllage-(Ierivel, inultinucleatedi giant ('ells in tile brain hlas bCCII
i'ccent lv described (26). These Eobser~at ions in brain tissue f'r li A-\11)patiets
(.lose[\. parallel tile ult rastructural findings in I IV-infected macro phiages
i'ep( tid here. Retention of' virus widlin Ill'i'ophages is not novel Im,' rem rovi-
i'uses. O t her lentiviruses, such ats calprinec arthritis eincephlalit is and ovine pro -
gressive pticuionia virus also b~ud into andI ao'Cutll)late inl (vtOllaSiiiiC va('uOi es
(27. 28). These viruses have strong tropism for blood nionocytes or tissue nIac-
roiplages, vet v'iral replication is restricted andI entirely depetndent Upon host cell
(macro pliage) dif'feretitiatioti. The visna virus-itf'ected niacr( pliages act ats true
* ''rE jan horses-' (1 3). Infected. immtiatu re blolod inonocvtes i'estiit virus repli-
(ation11 to tulinimtal levels. After these ('ells eniter tissue and (Iiffet'ent iai e iinto
miat ure mia('rophlages. however, visna virus repli('at ion inct'eases tilorie t han sev-
eral-i housand-fold 0I 5). Whether thecse same ilechanisnis apply to I IIV-infected
lititiai miacrop11 hages remains to be determined.

Although patient-derived Il11V efficiently iii fctls r( ;S - 1-tr'eate(I lonocItt x' at'-
get c'ells, 1()% numbers (of' progetiv v'irus are released into ('ulilii' fluids. D~uriing
(lir-ollic infect ion, these cells appear moi rpholo gically unaffected I~v thle infec-
lionI, vet EM anlalysis documetms large fiactories of' 'it'ions iii cvtr plasinic vacu-
oles. Iii tissues ofl AID pa)tents, I-IV-itifCted titE11iioiCiucar pliag(IcS ai'('
(1id(Eel at high frequecy1 in] the brain, lytmphi node, atid skiii (5-7, 10(-I12). D o
these hidden virus f'acto ries explain how Ill%' V S'apeS ait Oi)eetIIst inliune~ll
surveillance response?, It is interesting to f'urt her specuilate t hat imacriophiage
variari [Ilk' are thle f'Orns responsible for- virus latency and dissemnatio n. AmI
%otite tiite (luring disease. thle Ilacropiage Variant II IV ait'esirS '0l1roiii
Petrhaps Viral eiivelope glV( ipr~i m utidergEC wssuccessive ittmat io ns tol aC(;u iic
,ilfimitv for' thle (:1) (leitinit adl T ('ellItrop1 isiit. 'T'his acquired chaiigc ill
sI rti(MT r, arid t hius function, of, Ill wol rE)Ihmepreseint a SeC(t Ii(1 Stage 01' viru%
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inflecticoni liral~ted byV T4 helper cIIl dfeplet ion andl f'oll( )med by t he inevitable
dlevelopmenCt (A' opportuniistic itilctio)f and( (leat h. 'The f'ull b~(ilo gitc monse-

(fiti1ctc of' (listic T1( cell and~ ilacropliagc tropic \viruses iii All DS awaits fu rthe ir
inquiries. The systemi for it) vitro Ilaiifltilaiie of' viab~le. Il liscepibicl
m1oo I t/iniarophiagcs dlescribed ill this report cartl f'acilitate this scarch .

Nionocytes w~ere maintained inl tissue culturlC for- > 3 MO1 inl IIiiI~i s(upjle-
icld wvith r-CSI'- . These cultures p~rovided( suscep~tible target (elk for isola-
tion and propagation of' virus f'roii MIBM( of' Il -infected pat ienlts. MIV isc i-
fated into 11ioliocvtes readily infected other r( 5F- I-treated ioncnices but ()ll
iefficiently inlfected P HA-st imiulateol lvipfholblasts. Similarly. lalicramorv M V

strains passaged inl T' cell lines or virus isolted fr' cmi patitilt S 1Leukc cts imito
P11IA-stimulatmed lvinphohlasts inef'ficiently inficted r( 5F- I-treated ni noiocs.
Persistent, low-level virio n proiductioni was oletected in iarli~ig ('1L -r
fluids bX reverse traniscri1 )tasC iCti~'itV Or MV i\' atigenI catlt Ure tlirc uLgli 6-7 wk.
Marked changes inl tell nmorphology with cell (death vIisnt ia. and giant cell bit.-
niatic n were observed iii iiioii(cvte cult ures 2 wk alter infect ion, hUt atl 4-6 wk,
all cells appeared nirjpht logicallv ion ial. I IWC\ievr, ilie frequenLcy( (Of inlfect Cl
cells inl these cult ures i 6 wk w~as 60 -9W7( its qu iified b\ inl sit il livhridiiati h
with IV RN A probhes orI b\ iiiiiiofluoc scenice withI AllDS pat ietnt s sera.
lilt rast ructural an~liths 1W FKM also Sho wed at high f'requencx cit infect led ( elk;-
virtually all] M11V biudded intoi anld aIccii11 iult ed wit 1 iii cvtcll iiliC va1cuOC' MesAd
VIru -LS pairticfes were (i\inrquently associa~tedl withl thc la~sma ttiltiic.

Retention of viruis within miacropliages and the iiiacroifliage tml-))isti l & MV

variants niav explaini ccliariisis (if hoth Iitius lpesisitcc anid (lisicliatilil
(luring (disease.

Wec thantk Firamiccis ( lawl fcc, gicci-oul1 sujiplvicg the IlV-2 (R( ) islcd: Sliulcvacjc
Vctnkatesan., KILaIS StrelI)Cl. SMiicuel Silversteiti. ail BillamiN l'loOtii hit l1Ietiln dsctssu

Peter Raclphi for his genrier is afild conitinig sujificrt: Jlic Mf( Slite c t ieiA 111,11ccc-
ills: adl Carcol ( ;c-cilt for exc~ll ei 'liiil ilssist acic .

Br'iv e'd lor piibbie /4 I- Vo be'r 1 9S7 and in peve~' l jeree 2II)e mc ekolr I '/S 7.
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