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Fi&. 4 Detection of ARV DNA in cells infected with three 
independent isolates of ARV. Whole-cell DNA was prepared from 
HUT-78 cell cultures infected with ARV-2, ARV-3 and ARV-4 and 
analysed by digestion with restriction enzymes as described in Fig. 
3. DNA from recombinant phage A-7A was digested with EcoRI 
and the 9.5-kb ARV DNA fragment was cloned into the EcoRI 
site of the vector pUCI9. This recombinant plasmid was propa
gated, digested with EcoRI and the viral 9.5-kb DNA fragment 
was purified by electrophoresis in I% agarose gels (low-melting 
agarose). Viral DNA was eluted from the agarose (Fig. 1), 
denatured by boiling in water for 2 min and used as template for 
reverse transcriptase with random DNA primers (calf thymus)6

• 

Lanes a, b, c, DNA from HUT-78 cells infected with ARV-2 was 
digested with Sacl, Pstl and Hindlll, respectively; viral eDNA 
probe was used (Fig. 2). Lanes d, e, f. DNA from HUT-78 cells 
infected with ARV-2 and digested with Saci, Pstl and Hindlll, 
respectively; probe to cloned ARV-2 DNA was used. Lanes g, h, 
DNA from HUT-78 cells infected with ARV-3, digested with Sacl 
and Hindlll, respectively, and annealed with probe to cloned 
ARV-2 DNA. Lanes ~ j, DNA from HUT-78 cells infected with 
ARV-4, digested with Sacl and Psti, respectively and annealed 

with probe to cloned ARV-2 DNA. 

LAV and HTLV-111 are related (our unpublished data; M. 
Bryant and M. Gardner, personal communication). DNA 
sequence analysis of these cloned ARV DNA molecules will 
reveal the genetic content of the virus and will provide a basis 
for comparisons with other viruses. Preliminary sequencing of 
ARV has shown small amounts of homology in portions of the 
gag and pol proteins of many retroviruses including Rous sar
coma virus, squirrel-monkey retrovirus and HTLV-1 (our unpub
lished data). The significance of polymorphism of nucleotide 
sequences in independent isolates remains to be evaluated. 
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Acquired immune deficiency syndrome (AIDS) is characterized by 
opportunistic infections and by 'opportunistic neoplasms' (for 
example, Kaposi's sarcoma)1

• Persistent generalized lym
phadenopathy (PGL) is epidemiologically associated with AIDS, 
especially in male homosexuals. A subset ofT lymphocytes positive 
for the CD4 antigen2 (also termed T4 antigen), is depleted in 
AIDS and PGL patients. A retrovirus found in T -cell cultures 
from these patientsJ-5 is strongly implicated in the aetiology of 
AIDS because of the high frequency of isolation4 and the preva
lence of specific antibodies6-8 in the patients. Here we have detected 
cell-surface receptors for the AIDS retrovirus (human T-cell 
leukaemia virus-III (HTLV-III) and lymphadenopathy-associated 
virus-1 (LA V -1) isolates) by testing the susceptibility of cells to 
infection with pseudotypes of vesicular stomatitis virus bearing 
retroviral envelope antigens, and by the formation of multinu
cleated syncytia on mixing virus-producing cells with receptor
bearing cells. Receptors were present only on cells expressing CD4 
antigen; among ISS monoclonal antibodies tested, each of the 14 
anti-CD4 antibodies inhibited formation of syncytia and blocked 
pseudotypes. Productive infection of CD4+ cells with HTLV-III 
or LAV-1 markedly reduced cell-surface expression of CD4. In 
contrast, receptors for HTLV-I and HfLV-11 were not restricted 
to CD4+ cells, were not blocked by anti-CD4 antibodies; cells 
productively infected with HTLV-1 and HTLV-11 expressed surface 
CD4. Hence, we conclude that the CD4 antigen is an essential 
and specific component of the receptor for the causative agent of 
AIDS. 

The first reported isolate of the AIDS retrovirus3 was named 
lymphadenopathy-associated virus as it was made from a PGL 
patient; two further isolates from AIDS patients in France were 
named immune deficiency-associated virus (IDA V-1, IDAV-
2)9·10, and American isolates4 have been collectively named 
HTLV-111. As the core proteins of the AIDS retroviruses isolated 
in France and America are closely related antigenically (M. G. 
Sarngadharan, R. C. Gallo and L. Montagnier, personal com
munication) and antisera from British AIDS and PGL patients 
specific for viral membrane antigens are cross-absorbed by virus 
from either source8, we consider LAV, IDAV and HTLV-111 to 
be a single species of virus. Given the distant relationship of 
the AIDS virus to HTLV-1 and HTLV-11 (refs 11, 12) and as 
the term 'human T-lymphotropic virus' was originally coined 
for this family of retroviruses by Barre-Sinoussi et al.3

, we shall 
use the general name, HTLV-111, for the AIDS retrovirus. The 
particular isolates used in the present study were LA V-1 (ref. 
3) and HTLV-IIIB (ref. 4). 

HTLV-I, HTLV-11 and HTLV-111 each show a tropism for 
CD4+ T cells 13- 15 although some non-T cells can be infected in 
vitro 16

-
18

• We have sought to characterize the cell-surface recep
tors for these viruses and to ascertain whether the tropism of 
the viruses is determined at the receptor level. As there are no 
quantitative infectivity assays for HTLV, we identified receptor
positive cells by assessing induction of multinucleated syn
cytia18·19, and by the susceptibility of various cell types to 
pseudotypes of vesicular stomatitis virus (VSV) bearing envelope 
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Table l Receptors for HTLY subtypes 

Cells YSY pseudotypes of 

Type Line HTLY-I HTLY-II HTLY-III LAY-I 

Human Tcell JM + + + + 
Human Tcell CEM + + + + 
Human Tcell CEM/LAY-1 + + 
Human sarcoma HOS + + 
Human sarcoma HOS/HTLY-1 NT 
Human carcinoma He La + + 
Cat kidney CCC + + 
Cat kidney CCC/HTLY-1 NT 

Pseudotypes of YSY (Indiana strain, wild type) were prepared as described 
previously20 by adding excess neutralizing sheep anti-YSY serum to YSY collected 
from cells pre-infected with the HTLY strains. The pseudotype titres ranged 
between 10 and 105 PFUml- 1

. YSV(HTLY) pseudotypes were plated on the 
indicator cells in the presence of 2 flog ml- 1 DEAE-dextran at 103

'
5

, 102
'
5 and J0'-5 

PFU per well. HOS, HeLa and CCC cells were infected as monolayers (106 cells 
per 30 mm-diameter well), whereas JM and CEM cells were infected in suspension. 
Monolayer cells were grown in Dulbecco's modified Eagle's medium with 10% 
fetal calf serum (FCS), and suspension cells were grown in RPMI 1640+ 10% 
FCS. CEM/LAY-1 were CEM cells productively infected with LAY-I (ref. 8); 
HOS/HTLV-1 and CCC/HTLV-1 were productively infected with HTLY-I (refs 
17, 20). After virus adsorption, the cells were washed and monolayer cells were 
overlaid with agar medium; suspension cells were plated in a layer of agar medium 
above a monolayer of 106 bovine MDBK cells (not susceptible to any strain of 
HTLY) to act as indicator cells for progeny YSY released from infected cells in 
suspension. Plaques were counted 2 or 3 days after plating of the pseudotypes. 
+Indicates 103 PFU ml- 1

; -indicates 10 PFU ml- 1 for the cell types assayed; 
NT, not tested. 

antigens of the different HTLY strains20
• When cells infected 

with retroviruses are superinfected with YSY, a proportion of 
the progeny YSY assemble sufficient envelope glycoprotein of 
the retrovirus to resist neutralization by hyperimmune anti-YSY 
serum21

• The host range of such 'pseudotype' virions is restricted 
to cells expressing receptors specific to the retrovirus22

•
23

• Fol
lowing penetration of the cell and uncoating of the virion, 
however, the transcapsidated YSY genome replicates to produce 
nonpseudotype particles which infect and destroy neighbouring 
cells. Thus, YSY(HTLY) pseudotypes provide a simple 
cytopathic plaque assay for HTL Y receptors20

• 

YSY pseudotypes were prepared with the envelopes of each 
HTLY species and their ability to form plaques was tested on 
different cells. Table I shows that YSY(HTLY-1) and 
YSY(HTLY-11) plate on a variety of cell types, whereas 
YSY(HTLY-III) is restricted to the two T-celllines tested. CEM 
cells pre-infected with LAY-I blocked pseudotypes of both 
LAY-I and HTLY-III8 (the French and American isolates) but 

not pseudotypes of HTLY-I and HTLY-II. HOS and CCC cells 
pre-infected with HTLY-I blocked pseudotypes of both HTLY-I 
and HTLY-11. These data indicate that HTLY-I and HTLY-11 
utilize the same receptor which is expressed on lymphoid, fibro
blastic and epitheloid cell types, whereas HTLY-III uses a 
different receptor with a more restricted distribution. 

We have shown previousli9
•
20 that extensive cell fusion 

occurs when uninfected cells bearing HTL Y receptors are mixed 
with cells producing HTLY-I or HTLY-II. As cells infected with 
HTLY-111 have been observed to form multinucleated giant 
cells5

•
10

, we tested whether syncytia would be induced on mixing 
HTLY-III-producing HT/H9 cells5 with a 10-fold excess of 
uninfected CEM, JM or HT/H4 indicator cells. Many syncytia 
were observed with each cell type, commencing as early as 6 h 
after mixing and increasing in size and number until 48 h, when 
up to 50% of nuclei were contained within syncytia. No syncytia 
appeared after mixing HTLY-III-producing cells with HOS, 
HeLa or CCC cells, although these indicator cells formed abun
dant syncytia with HTLY-I and HTLY-II. Thus, syncytium 
induction can be used as an alternative to the pseudotype method 
for determining the presence of HTLY-III receptors on the 
surface of uninfected cells. 

In a more extensive set of human cell lines, we used both 
syncytium induction and pseudotype infection to determine the 
presence of HTL Y -III receptors; at the same time we determined 
the presence of the CD4 and CDS antigens using monoclonal 
antibodies (CDS is a 'pan-T' marker also called Tl). Table 2 
shows that only the cells expressing CD4 antigen were sensitive 
to syncytium induction by HTLY-III and infection by 
YSY(HTLY-111) pseudotypes. In particular, two non-T-cell 
lines, U937 and LCo-8, which expressed CD4 antigen but not 
the pan-T marker, expressed HTL Y-III receptors. Thus, the CD4 
antigen may be a component of the HTLY-111 receptor. 

Antibodies to antigens situated in or adjacent to the receptor 
site for HTLY-111 might be expected to compete in binding to 
or obscuring the receptor, as has been shown for baboon 
endogenous virus24

• We therefore screened 155 monoclonal anti
bodies to T-cell surface antigens for their ability to inhibit the 
formation of syncytia induced by HTLY-111; these included 135 
monoclonal antibodies from the 2nd International Workshop 
on Human Leukocyte Differentiation Antigens, which were 
screened without knowledge of their antigen specificity. Table 
3 shows that all the monoclonal antibodies to CD4 antigen 
blocked cell fusion induced by HTLY-III. In addition, five other 
monoclonal antibodies (Leu8, two anti-MHC class II mono
clonal antibodies and W80 and Wl51, for which the antigens 

Table 2 Correlation of HTLV-III receptors with CD4 antigen expression 

HTLV-Ill receptor tests % Cells immunofluorescent 
Indicator cells 

Syncytium Pseudotype Anti-CD4 Anti-CD5 
Origin Designation induction infection (MT310) (UCHT2) 

T-cellleukaemia JM +++ + 100 100 
T-cellleukaemia CEM +++ + 100 100 
T-cellleukaemia HT/H4 +++ NT 100 100 
T-cellleukaemia HT/H9 ++ NT 90 90 
T-cellleukaemia MOLT-4 +++ + 100 90 
T-cell leukaemia HSB2 0 80 
T-cell leukaemia GHl + + 80 90 
T-celllymphoma (Sezary) HUT78 ++ NT 30 70 
HTLV-1-transformed T cell Cl0/MJ2 ++ + 90 90 
HTLV-11-transformed T cell Ton-I + + 90 100 
Burkitt's lymphoma (B cell) Raji 0 0 
8-lymphoblastoid (EBV) LCo-B + 30 0 
Nine other B-lymphoblastoid lines NT 0 0 
Promyelocytic leukaemia HL60 NT 0 0 
Monocytic leukaemia U937 ++ + 70 0 
Osteogenic sarcoma HOS 0 0 
Cervical carcinoma He La 0 0 

Twenty-five established human cell lines (listed above) were tested for expression of CD4 and CDS antigens, for syncytial response to HTLV-1118 
and for susceptibility to infection by VSV(HTLV-1118) and VSV(LAV-1) pseudotypes. 
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have not been classified by the Workshop) weakly but con
sistently inhibited syncytium formation. To determine whether 
the antibodies were binding to indicator cells or to virus
producing cells, four anti-CD4 antibodies with syncytium
inhibiting properties were incubated separately with receptor
bearing cells and virus-producing cells, and the cells were mixed 
together after washing three times in antibody-free medium. In 
each case, strong inhibition of cell fusion was observed when 
antibody was preadsorbed to indicator cells but not when anti
body was preadsorbed to virus-producing cells, indicating that 
the antibodies blocked syncytium formation by binding to cell 
receptor sites rather than to viral envelope antigens. 

Monoclonal antibodies that were positive for syncytium inhi
bition, and an equivalent number of negative monoclonal anti
bodies selected from the different antigen groups, were tested 
for their ability to block VSV(HTLV-111) infection of CEM or 
GHl cells, by incubating the cells with antibody before plating 
the pseudotype. Table 3 shows that all the anti-CD4 monoclonal 
antibodies, but not Leu8, W80 or Wl51, caused significant 
reductions (>80%) of pseudotype plaque-forming units (PFU). 
With some monoclonal antibodies, however, pseudotype inhibi
tion was not always achieved, even at high concentrations; each 

Table 3 Blocking of HTLV-111 receptors by monoclonal antibodies 

No. of monoclonal 
antibodies 

Antibody positive/tested 

Group Syncytium Pseudotype 
designation Specificity inhibition inhibition 

CDI Cortical thymocyte 0/9 NT 
C02 Pan-T, E receptor (Til) 0/16 0/1 
CD3 Pan-T 0/13 0/2 
CDS Pan-T+B-CLL (TI) 0/11 0/4 
CD6 Pan-T 0/7 NT 
CD7 Pan-T 0/11 NT 
CD4 Helper/inducer (T4) 14/14 14/14 
CDS Suppressor/ cytotoxic (T8) 0/21 0/2 
CD25 Interleukin-2 receptor (Tac) 0/9 0/1 
CD26 Activation antigen pl20 0/4 NT 

Unclassified workshop 2/16 0/3 
monoclonal antibodies 

Workshop positive and 0/11 0/3 
negative controls 

T subset (Leu8) 1/1 0/1 
T subset (S2) 0/1 0/1 
MHC class I 0/1 0/1 
MHC class II 2/8 0/5 
/32 - microglobulin 0/2 0/1 

We tested 135 monoclonal antibodies supplied for the 2nd Inter
national Workshop on Human Leukocyte Differentiation Antigens for 
their ability to inhibit syncytium formation induced by HTLV-1118; 20 
further monoclonal antibodies were also tested. Two indicator cell lines, 
JM and HT/H4, tested separately for syncytium inhibition by each 
monoclonal antibody, both gave the same results. JM cells were positive 
for all the known CD antigen groups tested. Monoclonal antibodies 
were used at I : 20 dilutions in each test, and appearance of syncytia 
was read at 6 and 24 h after mixing HTLV-III-producing cells with 
indicator cells and monoclonal antibodies. In the first two experiments, 
all the monoclonal antibodies were coded and syncytia were indepen
dently scored by two authors, neither of whom knew the antigen specific
ity of the antibodies. Cultures showing > 80% reduction of numbers of 
syncytia at 24 h were scored as positive. All the anti-CD4 monoclonal 
antibodies and 25 other monoclonal antibodies were also tested for 
pseudotype inhibition by treating indicator cells with -80 1-1-g ml- 1 anti
body before adding VSV(HTLV-IIIB) or VSV(LAV-1). For the 
pseudotype assays, 5 x 105 cells per 30-mm well of an adherent subline 
of CEM cells (and, in one experiment, adherent GHI cells) were used 
as indicator cells. After virus adsorption, I 06 HOS cells were added to 
the adherent T cells to form a dense layer for the enhancement of VSV 
plaque formation. Monoclonal antibodies giving >80% decrease in 
numbers of PFU were scored as inhibitory. Two or more independent 
experiments were done for each monoclonal antibody tested. The anti
CD4 antibodies were W68, W69, W70, W71, W75, W77, W78, W79, 
WI07, Wll3, MTI51, MTI30, MT321 and Leu3a. 

was tested in at least three separate experiments. Most mono
clonal antibodies were tested at a 1: 20 dilution, representing 
-50-100 1-1-g immunoglobulin per ml of medium. Four inhibitory 
anti-CD4 monoclonal antibodies with known immunoglobulin 
concentrations were titrated to determine the highest five-fold 
dilution inhibiting ;;.,80% of VSV(HTLV-III) PFU. Two mono
clonal antibodies (MT310 and MT321) had end-point titres of 
16 1-1-g immunoglobulin per ml, whereas Leu3a was positive at 
3.2 1-1-g immunoglobulin per ml and MT151 at 0.64 1-1-g 
immunoglobulin per mi. The same monoclonal antibodies failed 
to inhibit the plating of VSV(HTLV-1) pseudotypes on CEM 
cells even at 100 1-1-g immunoglobulin per mi. 

The results of the blind screen of the antibodies from the 2nd 
International Workshop and the more extensive testing of selec
ted monoclonal antibodies (Table 3) show that antibodies to 
CD4 antigen specifically prevent the HTLV-III envelope anti
gens from interacting functionally with the cell surface, presum
ably by binding to sites coincident with or adjacent to virus 
receptors. The significance of the three other monoclonal anti
bodies that partially blocked HTL V-III receptors is not yet clear. 

Our experiments demonstrate that either pre-incubation with 
monoclonal antibodies to CD4 (Table 3) or pre-infection with 
the LAV-1 isolate of HTLV-111 (Table 1) blocks the reception 
or penetration of VSV(HTLV-111) pseudotypes in CEM cells. 
We therefore tested whether productive infection of CD4-posi
tive cells with HTLV-III alters the expression of the CD4 antigen 
at the cell surface. Table 4 summarizes the results of immuno
fluorescence assays performed on uninfected and HTLV
infected cells for CD4 antigen and for HTLV membrane anti
gens. We found a reciprocal relationship for expression of CD4 
and HTLV-III antigens on the cell surface. In contrast, cells 
expressing membrane antigens of HTLV-I and HTLV-11 also 
expressed CD4 antigen at a high level. Figure 1 shows the 
quantitation of anti-CD4 immunofluorescence by flow cytometry 
of three cell lines before and after HTLV-III infection. These 
results indicated that the amount of CD4 antigen available at 
the cell surface for monoclonal antibody binding was greatly 
reduced in HTLV-111-infected cells, whereas expression of major 
histocompatibility complex (MHC) class I (Fig. 1) and other 
membrane antigens (CD2, CD3 and CD25, data not shown) 
was unaffected. 

Our results show that HTLV-111 receptors are restricted to 
cells expressing CD4 antigen, suggesting that the CD4 antigen 

Table 4 Reciprocal expression of HTL V and CD4 antigens on the cell 
surface 

Lymphoid cell lines 

Virus 

Uninfected 

HTLV-111 

HTLV-1 

HTLV-11 

Line 

H9 
CEM 
LCo-B 

H9/HTLV-111 
H9/LAV-l 
CEM/LAV-1 
LCo-B/LAV-1 

C91/PL 
Cl0/MJ2 

Cl2/18M 
Ton-I 

Immunofluorescence 

Anti-CD4 

+++ 
+++ 

+ 

± 
± 
± 
± 

+++ 
+++ 

+++ 
+++ 

Anti-HTLV-III 

+++ 
+++ 
+++ 
++ 

Anti-HTLV-1 
+++ 
++ 

Anti-HTLV-11 
+++ 
++ 

The cells were washed and treated without fixation with monoclonal 
MT151 (anti-CD4) followed by fluorescein isothiocyanate (FITC)
labelled rabbit anti-mouse IgG (Miles), or with sera from human patients 
specific for HTLV-I, HTLV-11 or HTLV-111, followed by FITC-labelled 
goat anti-human lgG (Miles). Control human sera and control mouse 
immunoglobulin gave insignificant fluorescence. The results were scored 
by eye using a fluorescence microscope. 'Plus' marks indicate the 
intensity of fluorescence rather than the proportion of cells fluorescing. 
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Fig. 1 Fluorescence histograms showing binding of monoclonal 
antibodies to uninfected and virus-infected cells. a, CEM; b, 
CEM/LAV-1; c, H9; d, H9/HTLV-III: e, H9/LAV-l: f, LCo-B; 
g, LCo-B/LAV-1. Solid lines, anti-MHC class I antibody; broken 
lines, anti-T4 antibody; dotted lines, control FITC-conjugated 
antibody. For fluorescence staining, 5 x 105 cells were incubated 
for 30 min on ice with 100 J.Ll of monoclonal antibody, washed 
once with 2 ml of cold medium (RPMI 1640 with 3% FCS and 
0.02% sodium azide) and incubated for a further 30 min with 
100 J.Ll of a saturating concentration of FITC-conjugated goat anti
mouse immunoglobulin (Sigma). After a further wash, the cells 
were fixed overnight in 0.5 ml of 3% formalin in phosphate
buffered saline with I% FCS; 10,000 cells were analysed on a 
fluorescence-activated cell sorter fitted with a log amplifier. The 
anti-MHC class I antibody was W6/32; the anti-CD4 antibody 
was Leu3a. Controls comprised cells treated with FITC-labelled 

goat anti-mouse immunoglobulin alone. 

itself is a necessary component of the receptor. Receptor block
ing by monoclonal antibodies required high concentrations of 
antibody which were more effective in inhibiting formation of 
syncytia than in preventing infection by pseudotypes. Cell fusion 
induced by HTLV-Ill may require many more receptors than 
those required for the endocytosis of VSV( HTL V-III) particles, 
which may explain the relatively greater sensitivity to antibody 
of the syncytium inhibition assay. 

In the accompanying paper, K.latzmann et a/.25 show that 
incubation of CD4+ cells in the presence of anti-CD4 antibodies, 
for the first 2 weeks of infection, inhibits the replication of 
HTLV-III (LAY-I), indicating that the CD4 antigen is required 
at some stage of the HTLV-III replication cycle. The diminution 
of CD4 expression on the surface of HTLV-III-infected cells 
(Table 4, Fig. I) has also been observed by other investigators 
(refs 15, 25 and M. Popovic, personal communication); this 
finding may result simply from the viral envelope antigen com
petitively masking the binding sites for the monoclonal anti
bodies. Alternatively, the formation of a complex between the 
viral envelope glycoprotein and the CD4 receptor may result in 
a block to maturation, or rapid internalization, or capping and 
shedding of the CD4 antigen. 

The CD4 antigen is a single-chain polypeptide of relative 
molecular mass 62,0002

, found on aT-cell subset which includes 
helper cells (forB-cell and macrophage responses), Tcells which 
activate T suppressor cells and some cytotoxic T cells26

•
27

• There 
is evidence that when CD4+ T cells recognize antigen presented 

by accessory cells, CD4 may interact with MHC class II antigens 
(for example, HLA-DR) expressed on the antigen-presenting 
cell28

•
29

• It is conceivable that the recognition of CD4 by the 
HTL V-III envelope antigen involves molecular mimicry of class 
II antigens; our preliminary data indicate that two out of eight 
monoclonal antibodies to class II antigens suppress formation 
of HTL V-III syncytia. Three other monoclonal antibodies (W80, 
Wl5l and Leu8) that are apparently not specific to CD4 antigen 
also blocked HTLV-III syncytia, but were less effective in block
ing pseudotypes; these antibodies may recognize antigen
bearing molecules other than CD4 that also participate in HTL V
III reception and penetration, they may sterically hinder the 
presentation of CD4 to HTL V-III envelope antigen, or they may 
be required at a later stage in the process of cell fusion. It is 
noteworthy that the Leu8 antigen26 is a marker for that subset 
of CD4+ cells that shows greatest depletion in AIDS and PGL30

• 

The expression of CD4 antigen is not restricted entirely to 
subsets of T cells. Among the cells we studied (Table 2), the 
LCo-B lymphoblastoid line transformed by Epstein-Barr virus 
(EBV) is unusual in expressing CD4; nine other B-lymphoblas
toid lines were negative for CD4 antigen and for HTLV-III 
receptors. The U937 monocytic cell line derived from a his
tiocytic lymphoma31 has been reported previously to express 
CD4 antigen as well as some normal cells of the monocyte
macrophage lineage32

•
33. This raises the question of whether 

monocytes and macrophages may become infected by HTL V-III 
in vivo, as macrophage function is severely compromised in 
AIDS1

• 

Most naturally-occurring, infectiously transmitted retro
viruses, such as avian, feline and bovine leukosis viruses, use 
receptors common to many cell types23

, as shown here (Table 
l) for HTLV-I and HTLV-11. In contrast, HTLV-III recognizes 
a differentiation antigen. Some other viruses also appear to use 
receptors specific to the cell type most affected by infection, for 
example, the complement receptor type 2 for EBV3

\ the 
acetylcholine receptor for rabies virus35 and the /3-adrenergic 
receptor for reovirus (B. Fields and M. Green, personal com
munication). AIDS and POL are syndromes resulting primarily 
from a depletion of CD4+ Leu8+ cells in the peripheral blood 
and lymph nodes 1

•
30

• Our finding that the CD4 antigen itself is 
an essential component of the receptor for the aetiological virus 
of AIDS helps to explain the nature of the disease. It remains 
to be seen whether receptor restriction is the sole determinant 
of cell tropism for HTLV-III. 
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Many viruses, including retroviruses, are characterized by their 
specific cell tropism1

-
3

• Lymphadenopathy-associated virus (LAV) 
is a human lymphotropic retrovirus isolated from patients with 
acquired immune deficiency syndrome (AIDS) or related syn
dromes4·5, that displays selective tropism for a subset ofT lym
phocytes defined by the expression of a surface glycoprotein of 
relative molecular mass 62,000 (62K) termed T4 (refs 6-8). This 
glycoprotein delineates a subset of T lymphocytes with mainly 
helper/inducer functions, while T lymphocytes of the reciprocal 
subset express a glycoprotein termed T8, have mainly 
cytotoxic/suppressor activities, and are unable to replicate LAV7

•
9

• 

Such a tropism may be controlled at the genomic level by regulatory 
sequences, as described for the human T -cell leukaemia viruses 
HTLV-1 and -II (refs 2, 3). Alternatively or concomitantly, produc
tive cell infection may be controlled at the membrane level, requir
ing the interaction of a specific cellular receptor with the virus 
envelope, as demonstrated recently for Epstein-Barr virus (EBV)1

• 

Therefore, we have investigated whether the T4 molecule itself is 
related to the receptor for LAV. We report here that preincubation 
of T4+ lymphocytes with three individual monoclonal antibodies 
directed at the T4 glycoprotein blocked cell infection by LAV. 
This blocking effect was specific, as other monoclonal antibodies-
such as antibody to histocompatibility locus antigen (HLA) class 
II or anti-T -cell natural killer (TNK) target-directed at other 
surface structures strongly expressed on activated cultured T4+ 
cells, did not prevent LAV infection. Direct virus neutralization 
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Fig. 1 Monoclonal anti-T4 antibodies, but not anti-HLA class II 
or anti-TNK-target, inhibit replication of LAY in T4+ cultured 
cells. •· Anti-HLA class II monoclonal antibodies (mixture of 
CA2.06, CAI.41 and BM50); 0, anti-TNK-target antibody; e, 
12T4 anti-T4 antibody; "'· OKT4 anti-T4 antibody; .A., 19Thy 
anti-T4 antibody. Cell cultures and determinations of reverse tran-

scriptase activity were performed as described in Table I. 

by monoclonal antibodies was also ruled out. These results strongly 
support the view that a surface molecule directly involved in cellular 
functions acts as, or is related to, the receptor for a human 
retrovirus. 

While studying the LA V selective tropism, we observed that, 
at the time of virus replication, a decreased proportion of 
purified cultured LA V-infected T4+ lymphocytes was labelled 
by immunofluorescence staining with anti-T4 monoclonal anti
bodies (Table 1)7

• As at that time the remaining viable cells 
retained their specific T-cell marker T3 (ref. 9), we assumed that 
this phenomenon could not be related to the cytopathic effect 
of LAV7

, but was probably due to either modulation of T4 
molecules at the cell membrane or steric hindrance of antibody
binding sites. Both cases imply interaction of viral particles 
produced in the culture with the expression ofT4. Consequently, 
we designed experiments to assess whether the T4+ tropism of 
LA V was directly related to the presence of this glycoprotein 
on T4+ lymphocytes. 

Three antibodies (OKT4, Coulter clone 12T4Dll and DFCI 
clone 19 Thy 5D7) specific for distinct epitopes of the T4 
glycoprotein were used in these studies. As controls we used 
four different monoclonal antibodies, three directed against 
HLA class II gene products, mainly the DR molecule (given by 
D. Charron) 10

, and anti-TNK-target, which recognizes a 140K 
surface molecule strongly expressed on all cultured T lym
phocytes 11

• T4+ lymphocytes (stimulated with phytohaemag
glutinin (PHA) for 3 days) were obtained from peripheral blood 
mononuclear cells of normal donors as described previousll·7

, 

Table 1 Reduced expression of T4 molecule in LAY-infected T4+ lymphocytes 

% Lymphocytes stained 
Before the peak of RT (day 4) After the peak of RT (day II) 

Cell fraction LAY OKT4 OKT4A OKT8 OKT4 OKT4A OKT8 

T4+ 95 94 3 78 76 I 
T4+ + 85 89 I 21 25 3 
T8+ I NT 95 NT NT 94 
T8+ + I NT 85 NT NT 87 

Purified T4+ and T8+ lymphocytes were obtained by cellular affinity chromatography as described previously6 .7 and cultured in the presence of 
1% PHA-M in RPMI1640 medium supplemented with 10% fetal calf serum. After 3 days, 5 x 106 cells were incubated for 30 min at 37 oc with 
50,000 c. p.m. of LAY reverse transcriptase-containing supernatant. After washing, cells were resuspended in 5 ml of culture medium containing 
IL-2, anti-y-interferon serum and polybrene4

• Reverse transcriptase activity (RT) was determined twice weekly in cell-free supernatants as reported 
elsewhere•. In this experiment, RT peaked at day 8, having reached I x 105 c. p.m. Indirect immunofluorescence staining was performed as described 
previously using the OKT4, OKT4A and OKT8 monoclonal antibodies (Ortho-Diagnostics System)6

• 
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