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The V3 hypervariable region of the HIV-1 envelope protein is a major determinant of viral tropism for macrophages.
However, the replication of macrophage-tropic HIV-1 straing varies considerably in macrophages, and this variability has
been linked to the V1 and VZ envelope regions. {n the present study, recombinant HIV clones were generated by inserting
V1 and V2 sequences from the Ba-L HIV isolate, which has a high macrophage replication level, into the genomic background
of a macrophage-tropic cione with a low macrophage replication level. Infection of macrophages with varying multiplicities
of infection and direct detection of the number of infected macrophages per culture showed that the Ba-L V1 and V2
envelope sequences enhanced the ability of virus to spread in the cultures. In contrast, macrophage-tropic clones with low
replication afficiency infected macrophages initially but showed no evidence of spread to additional cells during the culture
period. This effect on virus spread appeared to be macrophage-specific as tt was not observed in cultures of T lymphocytes.
Comparison of recombinant clones containing V1, v2, and V3 envelope sequences from high-efficiency Ba-L and JR-FL
straing indicated that markedly different V1 and V2 sequences could impart the same rapidly spreading phenotype in

macrophages. o 1885 Academic Press, Inc.

INTRODUCTION

The envelope protein of human immunaodeficiency vi-
rus (HIV) is important to the early steps in virus——cell
interactions leading to successful infection. Specitic re-
gions of envelope are known to bind to CD4, the main
cell surface receptor for the virus. All HiV strains appear
to infect CD4-positive T lymphocytes from peripheral
blood or lymphoid organs; however, some strains can
also infect macrophages (Gartner et al, 1986; Koyanagi
et al, 1987; Melizer et &/, 1990), Non-macrophage-tropic
HIV strains usually predominate late in the course of
AlIDS {Schuitemaker et al, 1992}, In vitro these viruses
infect CD4-positive Hela cells {Chesehro ef al, 1892}
and MT2 celts (Koot et af, 1992; Karlsson et a/, 1994)
and usually induce syncytia after infection of CD4-posi-
tive blood lymphocytes (Cheng-Mayer et af, 1988; Ters-
mette et al, 1989). Their V3 envelope variable regicns
show extensive sequence diversity, which appears to
be generated independently in each infected individual
during virus replication (Simmonds et a/,, 1991; McNear-
ney et al., 1992; Delwart et al,, 1994). These viruses may
be involved in the destruction of CD4-positive T lympho-
cytes, leading 10 severe immunosuppraession (Cheng-
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Mayer et al, 1988; Tersmette et a/, 1989). In contrast,
macrophage-tropic HIV strains do not infect CD4-paositive”
Hela cells (Chesebro et al, 1992) or MT2 cells (Koot et
al, 1992; Karlsson et af, 1984) in vitro and do not induce
syncytia after infection of CD4-positive blood lympho-
cytes (Schuitemaker et al, 1891; Tersmette et af, 1989).
Macrophage-tropic strains are predominant in patients
early after infection by sexual transmission or by transfu-
sion with contaminated factor VIII (McNearngy et al,
1992; Zhang et al, 1983; Zhu et al, 1993), suggesting
that these strains may be primarily involved in these
modes of transmission. In addition, macrophage-tropic
strains are detected throughcut the entire disease
course and may be important as a reservoir for persistent
infection (Schuitemaker et af, 1991). Macrophage-trapic
strains show markedly reduced segquence heterogeneity
in the hypervariable V3 region of the env gene (McNear-
ney et al, 1992; Zhang et a/,, 1993; Chesehro ef af, 1992;
Fouchier et af, 1992; Zhu et al, 1993} Because these
HIV strains share extensive homology in antigenicatly
relavant regions such as V3, they might be appropriate
targets for an HIV vaccine.

Previous experiments indicate that the V3 region of HIV
envelope is involved in determining macrophage tropism
{Shioda et al, 1991; O'Brien et af, 1990; Hwang et al,
1991; Chesebro ef af, 1992). The V3 effect on tropism is
known to act at the level of viral entry into cells (Cann
et al, 1990; Chesebro ef af, 1991a), but the mechanism
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by which macrophages distinguish viruses with varying
V3 regions is unclear. However, V3 is not the only enve-
lope regicn influencing lentivirus infection of macro-
phages. For example, with simian immunaodeficiency vi-
rus several env regions other than V3 can also influence
macrophage tropism {Banapcur et al, 1991; Mori et al,
1992), and with HIV the V1 and V2 env sequences up-
stream from V3 can affect the efficiency of virus replica-
tion in macrophages {(Shioda et a/, 1991; Westervelt et al,
1892 Koito et &/, 1994). HIV strains with high-efficiency
replication In macrophages produce culture superna-
tants containing higher p24 or reverse transcriptase lev-
els than macrophage-tropic strains with low-efficiency
replication. However, the mechanism of the effect on
replication efficiency s not known. One possible expla-
nation is that high-efficiency virus strains are more effec-
tive at spreading through macrophage cultures, thus in-
fecting more cells than lower efficiency virus strains. Al-
ternatively, high-efficiency strains might be more
responsive 1o activation of virus transcription induced by
cytckines such as |L-6 and TNF-a {Poli ef af, 1990; Mel-
lors et &/, 1991). This might resu't in higher levels of viral
proteins without necessarily increasing the number of
infected cells, as has been observed in macrophages
and monocytes under various conditions {(Walsh et al,
1991). In addition, such cytokine-meadiated effects might
be associated only with certain virus strains or cel! types
(Le Naour et af, 1994),

The present experiments utilized infectious recombi-
nant HIV molecular clones differing at envelope V1 and
V2 regions 10 begin to determine how thase envelope
regions influence HIV replication efficiency in macro-
phages. Clones with V1 and V2 regions fram a high-
efficiency macrophage-tropic strain infected macro-
phages and spread rapidly 1o all cells in the culture even
after infection with a low-input multiplicity. In contrast,
macrophage-tropic clenes containing Vi and V2 regions
from a low-efficiency strain infected macrophages ini-
tially but failed to spread throughout the culture cn sub-
sequent days. Thus, high-efficiency replication mediated
by certain V1 and V2 env sequances appeared to be
mainly the result of increased virus spread in macro-
phages.

MATERIALS AND METHODS
Virus stocks

Macrophage-tropic HIV isclates Ba-L (Gartner et &/,
1986} and IR-FL {Koyanagi et a/., 1987) and HIV malecular
clones JR-CSF (Koyanagi et al, 1987) and NL4-3 (Adachi
et al, 1986) were described previously. Plasmid DNA
from molecular clones was used to transfect clong 1022
CD4-positive Hela cells, and these cells were coculti-
vated with phytohemagglutinin (PHA)-stimulated periph-
eral blood mononuclear cells (PBMC) to produce virus

stocks as described previously {Chesebro ef al, 1890,
1881a). HIV isolates were grown directly in PHA-stimu-
lated PBMC. The Ba-L HIV isolate was also grown cn
macrophages to obtain ¢cDNA for cloning. Virus stocks
were titered by endpoint dilution in 96-well trays with
PHA-stimulated PBMC. Cultures were followed for 3
weeks, and titers were expressed as tissue culture {Deg
per volume incculated (Chesebro ef al, 1991Db).

Construction of recombinant HIV clones

Clone 49-6 containing a 0.4-kb Siul-Nhe! fragment
from the Ba-L HIV isolate in the NL4-3 background was
described praviously (Chesebro et a/, 1892). Clona 107
(Fig. 1) was derived from clone 48-5 by first replacing
the bB' envelope sequences from FcoRi to St in 49-b
with an cligonucleotide polylinker. The polylinker oligo-
nucleotides containing £coRl, Saft, Notl, and Stul sites
were: 735, 57 AAT-TCG-TCG-ACG-CGG-CCG-CAG-G 31,
and 736, 5" CCT-GCG-GCC-GCG-TCG-ACG 3'. The link-
ers were annealed, phosphorylated with kinase, and
cloned into the 49-5 clone using standard techniques.
Subsequently HIV DNA amplified by PCR from Ba-L-in-
fected macrophages was inserted in-frame &t these
siies. Ba-L-infected macrophages were harvested whean
the reverse transcriptase levels were elevated, and
mRNA was prepared using a Fast Track kit {Invitrogen).
cONA was then made using the cDNA Cycle kit (in-
vitrogen), and HIV envelope sequences were amplified
by PCR. The cDNA reaction was primed with oligonucleo-
tide 734: 5" TGC-TGC-TGG-CTC-AGC-TCG-TGG-CT 3'.
The EcoRI-Stul fragment for clone 107 was amplified
by PCR using oligonuclectides: 279, 5’ CTG-GCG-GCC-
GCA-GCC-ATA-ATA-AGA-ATT-CTG-C 3', and 6833C, 5’
CCT-TTG-GAC-AGG-CCT-GTG-TAA-3". PCR amplifica-
tion began with incubation for 5 min at 84°, followed by
39 cycles of 1 min at 94°, 1 min 15 sec at 53°, and 3 min
at 72° and 1 cycle identical to the above except the 72°
extension time was increased to 10 min. Successful PCR
amplification products were cloned into the PCR Il vector
{Invitrogen), excised by digestion with EcoRl and Stul,
and inserted into the polylinker site created in clone 49-
&. Clone 19A (Fig. 1) was generated by amplifying and
cloning a Stu! to BamHl fragment from Ba-L-infected
macrophage cDNA with oligonucleotides 6813 and
8472C into clone NL4-3 as previously described (Chese-
bro et al, 1991a). Clone 53 (Fig. 1) was constructed by
inserting the £coRl to Stul pelylinkear into clone 19A and
then replacing the polylinker with the £coR! {0 Stul frag-
ment from clone 107. Clone 81A was generated by in-
serting the 0.25-kb Dratli—Stu fragment from clone 107
into a plasmid centaining sequences of NL4-3 from EcoRi
tc Dralll, followed by a polylinker with restriction sites
including Dralll, Stul, and BamH|. The 1.1-kb EcoRI-Stul
fragment excised from this plasmid was then cloned into
clone 49-5.
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FIG. 1. 3’ portion of genomes of recombinant HIV clones. In the NL4-3 genome, the EcoRl site used for cloning is at position 5722, which is 500
bp upstream from the envelope start, Dralll is at 8591, Stul is at 6822, Mhel is at 7250, and BarmH! is at 8465. In the JR-CSF genome, the Dralll site
ig at position 86809 and BamHl is at 7325, The Oralll sites of NL4-3 and IR-CSF are homologous.

Recombinant HIV clones were also made using the
genomic background of the infectious molecular clone
JR-CSF (Koyanagi et g/, 1987). pYKJRCSF, cbtained from
Dr. I. Chen, Department of Microbiolegy, University of
California, Los Angeles, School of Medicine, was re-
cloned to reduce the amount of flanking sequence out-
side the provirus by digesting with EcoRI and Stul, blunt-
ing the ends with Klenow enzyme, and religating into
pUC19 at the Pwull site to create clone 7-23. Approxi-
mately 0.7 kb of the env gene between Dralll and BamH|
gites including the V1, V2, and V3 regions was removed
from clone 7-23 and replaced by a polylinker using oligo-
nucleotides 745, 5" GTG-AGG-CCT-CTA-GAC-GCG-TGC-
TAG-CCT-CAG 3, and 746, 5" GAT-CCT-GAG-GCT-AGC-
ACG-CGT-CTA-GAG-GCC-TCA-CAG 3', to create clone
12-34. HIV envelope DNA from PHA-stimulated PBMC
culiures infected with Ba-L or JR-FL isolates was ampli-
fied by PCR using oligenucleotides 294, 5’ GTA-AAA-
TTA-ACC-CCA-CTC-TGT-GT 3', and 335, 5’ CAA-TTT-
CTG-GAT-CGC-CTC-C-37, using 4 min at 94°, followed by
30 oycles of 94° far 1 min, 40° far 1 min, and 72° for 2
min. On the final cycle the 72° incubation was for 10 min.
Amplified DNA was then digested with Dralll and BamH|

and ligated into p12-34 to create two full-dength recombi-
nant HIV infectious molecular clones: 78-42 with a Ba-L
insert and 79-36 with a JR-FL insert {(Fig. 1}.

Macrophage infectivity assay

Blood-derived monocytes were prepared as described
by Freundlich and Aldovic (1983). Briefly, PBMC were
obtained by differential centrifugation on Ficoll-Hypaque
Lymphocyte Separation Medium {Organon Teknika
Corp., West Chester, PA). Adherence and elution steps
using gelatin-coated tissue culture flasks were used to
separate monocytes from lymphocytes. The monocytes
were plated in 0.6 to 1.0 ml RPM! 1840 with 10% heat-
inactivated human serum at a density of 5 X 10° cells
per well in a 48-well tissue culture plate {Costar). Hurnan
serum was selected to give optimum HIV replication us-
ing clone JR-CSF or 48-5. Medium was changed on Days
4 and 7, and cells were infected on Day 7 by adding 0.1
10 0.2 m! diluted virus stock to the fresh culture medium.
Two days postinfection cultures were washed three
times with serum-free medium and then refed. Media
was changed every 4 days thereafter, and supernatants
waere frozen at —20° in order tc determine p24 levels at
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a later date. On the appropriate day after infection, cells
were fixed with 95% ethancl and 3% H,0, for 15 min,
rinsed, and stained with anti-p24 monoclonal antibody
{clone 183-H12-6C) to quantitate antigen-posiiive cells
as previously described {Chesebro et af, 1992).

Determination of p24 values was dong by a p24 cap-
ture ELISA developed in this laboratory. The anti-p24
mcnoclonal antibody 183-H12-56C {NIAID, AIDS Reposi-
tory, Cataiog 1513) was affinity purified on sepharose—
Protein G, adjusted to a concentration of 1.0 mg/ml, di-
luted 1:160 in Dulbecco's PBS without calcium and mag-
nesium ions, and 0.1 ml was added to each well of immu-
lon I plates (Dynatech Labs, Chantitly, VA) and incubated
overnight at 37°. Other protein binding sites on wells
were then blocked by incubation with 0.25 ml PBS with
5% FCS for 1 hr at 37°. Plates were washed 6 times
with PBS with 0.2% Tween 20. Culture supernatants were
mixed with 1/10th volume of PBS with 10% Triton X-100.
Dilutions of supernatants and subsegquent antibodies
were made in PBS~10% FCS5-0.5% Triton X-100. One-
tenth milliliter of culture supernatants diluted to an appro-
priate concentration was added to the wells, and trays
were incubated at 37° overnight. The plates were then
washed six times with PBS-Tween 20, and 100 ul of a
1:5000 dilution of human anti-HIV antibody (NIAID, AIDS
Research and Reference Program, catalog 192), biotinyl-
ated by standard procedures, was applied to each well.
The plate was incubated for 1 hr a1t 37° and washed six
times with PBS-Tween 20. Cne-tenth milliliter of peroxi-
dase-conjugated avidin (Organon Teknika Corp., West
Chester, PA) at a 1:1000 dilution was added to each well,
incubated for 30 min at 37°, and the plates were washed
again as previously described. Ore-tenth milliliter of per-
cxidase substrate (10 ml 0.1 M sodium acetate, pH 5.0,
0.3 ml of 4 mg/ml tetramethybenzidine in DMSO, and
5 b of 30% H,0,} was added and incubated at room
temperature for 20 min. The reaction was stopped with
50 pul 2 M H,50, and optical density was read at 450
nm. Valuas were compared to a standard curve made
using p24 (NIAID, AIDS Repository, Catalog 382} at con-
centrations from 25 to 1000 pg/ml.

Sequence and analysis

Sequence was cbtained by dideoxy sequencing using
the Sequenase version 2.0 DNA Seguencing kit (USB).
In some cases the sequence was confirmed using the
dsDNA Cycle Sequencing System (BRL-Life Technolo-
gies, inc.). Analysis was done with the Microgenie pro-
gram. Alignments were done by the ALIGN Plus program
developed by Scientific and Educational Software.

RESULTS
Characterization of macrophage-tropic HIV with
chimeric env genes
In order to study the effect of envelope V1 and V2
sequences on replication in macrephages, recombinant
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FIG. 2. Influence of HIV envelope seguences on kinetics of p24
production by macrophages (top) and PBMC (bottom). Ba-L {A}, clone
g1A {l), clone 107 {O), and clone 53 (A) show high p24 levels in
macrophages, whereas clones 49-6 (@) and 19A (O) show low p24
levels. Non-macrophage-tropic clone NL4-3 (¥) showed no detectable
p24. In PBMC no significant difference in kinetics of p24 producticn
was sgen in the clones studied. Cultures were infected with 10% 1o
1078 TCIDgq of each virus stock.

molecular clones were constructed using NL4-3 back-
ground genes iogether with the V3 region of the macro-
phage-tropic Ba-L isolate plus additional Ba-L env se-
quences upstream or downstream of V3 {Fig. 1), Macrc-
phage infection experiments with cione 49-5 containing
only the V3 region from Ba-L were in agreement with
previous results (Chesebro et al, 1992), showing signifi-
cant macrephage infection compared to the non-macro-
phage-tropic parental clone NL4-3 (Fig. 2, top panei).
Clone 19A containing the Ba-L V3 region plus 1.2 kb of
Ba-L envelope seguances downstream of V3 gave results
similar to those of clone 49-5, In contrast, clones 81A
and 107 containing the Ba-L V3 region plus 0.23 to 1.1
kb of Ba-L sequences upstream of V3 gave much higher
p24 levels in macrephages. Clone 53 which contained
Ba-L seaquences both upstream and downstream of V3
gave a pattern of p24 production in macrophages nearly
identical to clones 107 and 81A. Results with clonas 81A,
107, and 53 were very similar to those with the uncloned
Ba-L biolegical isclate. Thus, although Ba-L V3 se-
guences alone conferred macrophage tropism, addition
of Ba-L V1 and V2 env sequences upstream of V3 in-
creased p24 production by clone 81A in macrophages.
These results were in agreement with those using re-
combinants containing 5’ env sequences of two othar
HIV strains {Westervelt et a/,, 1992; Koito et al,, 1994).
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FIG. 3. {A) Influgnce of input titer on p24 levels in macrophage cultures. Clones 107 and 81A showed rising p24 lgvels with increasing time
postinfection, and the time of initial p24 elgvation was related to the original input of infectivity. In contrast, clone 49-5 showed no increase in p24
with time postinfection, and the plateau p24 level was related to the input of infectivity titer. Input titers: (@) 10%° TCIDg,, (A} 10*° TCIDg, and (M)
10"° TCIDg,. (B) Quantitation of HIV-positive macrophages at various timas after infection. Ba-LL V1A/2 envelope sequences in clones 81A and 107
were associated with virus spread in macrophages, whereas NL4-3 V1 and V2 sequences in clone 49-6 were associated with lack of viral spread
in macrophages. Cells were infected with varying amounts of each virus, and cultures were fixed and stained with anti-p24 antibody on the days

indicated.

To determine whether thase strain differences in HIV
replication were unigue to macrophages, PHA-stimu-
lated PBMC were infected with several of these HIV
clones. Clones differing at various env regions including
V1, V2, or V3 showed no difference in kinetics of replica-
tion in PBMC {Fig. 2, bottom panel). Thus, V1 and V2
regions of macrophage-tropic HIV had a specific affect
on replication efficiency in macrophages, but not in PHA-
stimulated T lymphocytes.

Virus spread in macrophages

In most previcus studies and in the above experi-
ments, macrophages were infected with high amounts
of infectious HIV. From this work it was unciear whether
or not all of the cells were infected initially and whether
higher p24 levels were due to increased viral protein
production by high-efficiency HIV strains compared 1o
low-efficiency strains. Therefore, to study possible differ-
ences in viral spread in macrophages, in the present
experiments three different multiplicities of infection
{m.o.i.) were used to compare HIV clones 49-5, 81A, and
107. Macrophages infected with clones 107 and 81A
gave rising p24 values with increasing time, and the ini-
tial p24 expression correlated with the amaount of infec-
ticus virus used to infect the cuiture (Fig. 3A). In contrast,
after infection with clone 49-5, macrophage cultures
showed n¢ increase of p24 values with time, and the
level of the p24 detected was related only to the amount
of virus originally used to infect the cultures (Fig. 3A).
These resulis indicated that the high-efficiency clones
107 and 81A were somehow amplified by the macro-

phage cultures, whereas the low-afficiency clone 49-5
was not,

In order to determine whether amplification of HIV ex-
pression after macrophage infection by clenes 81A and
107 was due to increasing viral protein expression per
infected cell or to increasing numbers of infected cells
during the culture period, cells expressing HIV antigen
were quantitated by immunocytochemistry. Cultures
were fixed at various days after infection, and virus-in-
fected cells were stained using anti-p24 antibodies. In-
fection with clones 107 or 81A resulied in increasing
numbers of HIV p24-positive cells with time {Fig. 3B).
When cultures were incubated for longer times {(18-21
days), 90—-100% of cells were infected by these clones
even after inoculation of the lowest input m.e.i. In con-
trast, clones 49-5 and 19A showed no consistent in-
crease in the number of infected cells over the course
of the experiment (Fig. 3B). Furthermare, the intensity
of staining for HIV antigens in individual positive cells
appeared to be similar for clongs with differing replica-
tion efficiencies {Fig. 4). Thusg, the differences in replica-
tion efficiency of these clones and isolates correlated
with their ability to spread ic uninfected macrophages
over the course of the experiment, Diffarences in the
envelope sequance within or near the V1 and V2 regions
of clenes 81A and 49-5 appearead to be sufficient to ac-
count for these changes. Clones 81A and 49-5 differed
at a total of 26 envelope amino acids. Of these, 16 resi-
dues were in the V1 region and 8 residues were in the
V2 region (Fig. bA). At this time it is unciear which of
these changes are involved in the differences in spread
of infection in macrophages.
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FIG, 4. Immuneccytochemical detection of HIV-positive macrophages. On Day 18 postinfection with 102 TCIDg, of each HIV strain, macrophages
were fixed and stained for p24 using the indirect immunoperoxidase technigue described under Materials and Methods. (A) Ba-L HIV isolate; (B)
clone 49-5; (C) clone 107; (D) clone 19A. In A and C most of the cells are p24-positive and many syncytia can be seen. In contrast, in B and D anly
occasional p24-positive cells per field are present. However, no differences in the intensity of staining of individual positive cells were noted among

different HIV strains studied.
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FIG. 5. (A) Comparison of envelope aming acid sequences for the region {Dralll-Stwl) which differed between the nonspreading clane, 49-5, and
the spreading clone, 81A {Ba-L). This region included V1 and V2 loop variable regions. Dets indicate identical residues and dashes indicate deleted
residues. (B} Comparison of § HIV envelope sequences from macrophage-tropic clones differing in abifity to spread in macrophage cufures. The
nonspreading clone, JR-CSF, is compared to the wo spreading clones, 78-42 {Ba-L) and 72-36 (FL), which ditfer from JR-CSF only between Dralll
and BamH| sites. The amino acids enclosed in boxes are identical in clones 78-42 and 798-36 and different from clone JR-CSF. The sequences of
the two Ba-L-derived clones, 81A and 78-42, are identical.
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FIG. 6. Comparison of kingtics of macrophage infecticn by strains
JR-CSF (@), 78-42 (Ba-L) (A}, and 79-36 {FL) (M). JR-CSF showed no
significant rise in supernatant p24 level or number of HIV-positive cells
with time postinfection. In contrast, clones 78-42 and 79-38 showed
both rising p24 levels and increasing numbers of HIV-positive cells.

Effect of 5" env sequences of macrophage-tropic HIV
strains JR-FL and JR-CSF

Pravious studies comparing infectivity of various HIV
strains showed that there was no 5" envelope consensus
sequence associated with high-efficiency replication in
macrophages (Westervelt et 8/, 1992). Thus, it was possi-
ble that different 5" envelope sequences caused high
replication efficiency in macrophages by different biclogi-
cal mechanisms. Therefore, a recombinant clone with &’
envelope sequences from Ba-L was compared directly
10 a homologous recombinant clone containing markedly
different sequences from isolate JR-FL, also known to
have high replication efficiency in macrophages (Koya-
nagi ef al, 1987; Sperduto et a/, 1993). Both of these
recombinants were made in the background genes of
clone JR-CSF (Fig. 1), which is macrophage-tropic but
has low replication efficiency in macrophages (Koyanagi
et al, 1987, Sperduto et a/, 1993). The results indicated
that clones 78-42 and 79-36 containing V1, V2, and V3 env
sequences of Ba-L or JR-FL, respectively, could spread in
macrophage culiures, whereas the parental clone, JR-
CSF, could not (Fig. 8). In spite of the similar ability of
clones 78-42 and 79-36 to spread in macrophages, these
clones differed at 41 amino acid residues in the inserted
envelope fragment, and 24 of these differences were in
the V1 or V2 loops (Fig. 5B). There were i1 residues
where clones 78-42 and 79-36 differed from JR-CSF but
were Identical 1o gach other, howaver, only 2 of these
residues were in the V1 or V2 regions (Fig. 5B). These
resuits indicated that clones with markedly differing 5
envelope sequences had a similar ability to spread in
macrophage cultures to produce high p24 levels. Further-
more, the similarity in macrophage infection by ciones
81A and 78-42, which shared V1, V2, and V3 env se-

quences from Ba-L, bui differed in other background
gsnes (Fig. 1), suggested that the background genes of
the parental clones NL4-3 and JR-CSF did not influence
these results.

DISCUSSION

The V3 region of the HIV envelope protein has been
shown to have a profound influence on the differences
in the ability of HIV strains to infect macrophages, T cell
leukemia lines, CD4-positive T lymphocytes, and CD4-
positive Hela cells. Several studies have also suggested
that in the presence of an appropriate V3 region, V1 and
V2 env sequences can have a marked influence on the
efficiancy or magnitude of HIV replication in macro-
phages (Shioda et af, 1991; Koitc at &/, 1994; Westervelt
etal, 1992). Previous experiments indicated that, in addi-
tion to the envelope V1 and V2 regions, vor, veu, and
nef genes also influence HIV replication in macrophages
(Hattori et af, 1990; Balotia et al, 1993; Balliet et al,
1994 Miller er 5/, 1994). However, these genes were not
a variable in the current studies due to the recombinant
clones used. The present expariments showed that the
effect of V1 and V2 regicns is to promaote or inhibit the
ability of macrophage-tropic HIV to spread in macro-
phage cultures. This finding was delected by both di-
rectly analyzing the number of infected macrophages at
various times after infection and comparing the kinetics
of p24 production in the supernatant fiuid, Both of the
methcds showed that without the appropriate V1 and
V2 sequences, macraphage-tropic HIV clones failed to
spread after initial infection, resulting in a plateau level
of both p24 production and number of HiV-positive cells.
Thus, when nonspreading macrephage-tropic HIV strains
were tested, the level of p24 delected was highly depen-
dent on the titer of input virus used to infect the macro-
phages. Nonspreading macrophage-tropic clenes, such
as 49-5 or IR-CSF, sometimes appearad to be non-mac-
rophage-tropic if tested with a low-input titer (Chesebro
et af, 1992; Willey et &/, 1994). In contrast, even low
titers of macrophage-tropic HiIV strains with the spread-
ing phenotype, such as Ba-L or JR-FL, were able to com-
pletely infect a macrophage monolayer during & 14- to
21-day period. Thus, regardiess of amount of infectivity
used for infection such strains were easy to type as
macrophage-tropic.

The present experiments do not distinguish whether
the V12 ssquence effects on virus spreading occur at
the level of the viral RNA or protein sequence. Also, it is
not yet clear at what time in the viral life cycle such
effects occur. However, the viral envelope protein is
known to play an important role in the cell entry, and the
V1 and V2 envelape regions have been shown to interact
with other envelope regions, including V3, V4, V&, and
C4, to influence syncytia formation in T lymphogcytes, cell
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tropism, and antigenic epitopes (Groenink et al, 1993;
Freed and Martin, 1994; Andeweqg et &/, 1993, Fung &t
al, 1992; McKeating et a/, 1993; Moore et al, 1993; Sulli-
van ef a/, 1993; Kang ef 8/, 1994; Koito et 8/, 1995). Thus
it seems likely that similar interactions between envelope
protein subregions might be respensible for the V1/v2
effect on virusg spread in macrophages. Effects on virus-
mediated cell fusion might be restricted to certain cell
types, such as macrophages, due to the effects of V1,
V2, and V3 on cell tropism. This could explain why the
ViI/2 effect cn virus spread was observed in macro-
phages, but not in PBMC (Fig. 2). It is also possible that
the V1/V2 region might affect other aspects of the viral
life cycle such as transcription, translaticn, or virus as-
sembly. The present results failed to detect highar intra-
celular levels of viral protein per infected cell in spread-
ing versus nonspreading clones, so an effect on tran-
scription or transtation resulting in higher viral protein
production seems unlikely. However, further experiments
with more guantitative methods will be required to ex-
clude this possibility. The envelope protein is also in-
volved in virus assembly. In macrophages HIV particles
have been observed to bud both at the plasma mem-
brane and into intracellular vesicles (Orenstein et al,
1988). Panicles found at the plasma membrane might be
much more effective at spreading to uninfectad macro-
phages. By influencing envelope protein trafficking, the
V1 and V2 envelope seguences might influence the sites
of production and release of infectious viruses by macro-
phages (Owens et af, 1991). This, in turn, could have a
marked influence on virus spread in macrophage cul-
tures. Further characterization of the virions produced by
infected macrophages will be required tc analyze this
aspect of HIV spread in macrophages.

Previous data indicated that several virus strains with
differing V1/V2 sequences all had similar high-replication
efficiency in macrophages (Westervelt ef al, 1982). It is
possible that these V1/A/2 sequences might influence
replication efficiency by additional mechanisms other
than spread. However, our results comparing recombi-
nants with V1, V2, and V3 sequences from Ba-L and JR-
FL strains indicated that both of these sequences acted
to increase spread in macrcphages. Thus there ap-
peared to be no VI/V2 sequence associated with the
clones which spread well in macrophages. Similarly, the
two nonspreading clones, 49-5 and JR-CSF, differed at
eight amino acids in V1 and at eight amino acids in
V2. The fact that such different sequences produced the
same biclogical phenotype suggests that, if these effects
are mediated by the envelope protein, the envelope pro-
teing of clones with a common phenotype might have a
similar tertiary structure {Ebenbichler et &/, 1993).

The discovery of differences in the ability of HIV straing
10 spread in macrophage cultures in vitro raises the
question of the relevance of such differences to HIV

pathogenesis in vivo. One would expect that these differ-
ent phenotypes might have quite different effects in vivo.
For example, ncnspreading macrophage-tropic viruses
might be involved in transmission or latency, whereas
spreading macrcphage-tropic viruses might be more
acutely pathogenic and could be involved in immunosup-
pressicn, wasting disease, or dementia associated with
AIDS, depending on the location of the infected macro-
phages (Kodama et &/, 1993; Power &f &/, 1994; Cheng-
Mayer, 1993; Sperduto et af, 1993, Weiss, 1993; Lewy,
1993). In a recent study, macrephage-tropic virus isolates
with a slow-replication phenotype were isclated immedi-
ately after seroconversion, whereas more rapidly repli-
cating macrophage-tropic viruses were isolated some-
what later (Connor and Ho, 1924} It is possible that these
slow- and fast-replicating isclates are similar to the non-
spreading and spreading strains studied in the present
report. If the slow-replicating nonspreading strains are
consistently the earliest ones found after seroconversion
following sexual transmission, they may also be the
strains involved in this mode of transmission of HIV
{Chesebro et afl, 1992; McNearney et &/, 1992; Zhu &t
al., 1993).
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