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We have studied the putative roles of human immunodeficiency virus (HIV)-associated and cell surface-
expressed major histocompatibility complex class I (MHC-I) molecules in the course of the HIV life cycle by
the combined use of MHC-I molecule-positive and MHC-I molecule-negative virus particles and MHC-I
molecule-positive and MHC-I molecule-negative CD4+ human cells. We found (i) that several anti-MHC-I
monoclonal antibodies neutralize cell infection by direct interaction with HIV-associated MHC-I antigens, (ii)
that these HIV-associated MHC-I antigens are however dispensable for cell infection, and (iii) that the cell
surface-expressed MHC-I molecules are unnecessary for productive infection of CD4+ human cells. These
results clarify further the functions of MHC-I molecules during the HIV life cycle.

Human immunodeficiency virus (HIV) is the primary etio-
logical agent of AIDS and associated diseases (4, 15). Under-
standing the physiopathology of AIDS, designing new drugs
aimed at controlling HIV disease progression, and developing
an HIV vaccine might require a better knowledge of the role(s)
played by cell surface molecules during the viral life cycle.
Because of its essential function during the binding of HIV to
T cells and during HIV-induced syncytium formation, the CD4
molecule has been the most studied among these molecules
(13, 23, 27). However, apart from CD4, other T-cell surface
molecules are likely to be involved at different steps of the viral
life cycle.
Approaches that use monoclonal antibodies (MAb) to

screen for molecules which could play a role in the life cycle of
the virus have allowed the identification of several candidates
that appear on the surfaces of T cells. In addition to anti-CD4
MAb (9, 13, 23, 27, 30, 35), anti-CD3 (27), anti-HLA-DR (2,
13), and anti-LFA1/CD11a-CD18 MAb (21, 41) have been
reported to be able to interfere with the replicative cycle of the
virus. These MAb were all found to be able to inhibit HIV
entry and/or syncytium formation. We first reported data
indicating that anti-12m MAb (10, 14) and several anti-HLA
class I heavy chain MAb (11) have particular anti-HIV prop-
erties; these anti-major histocompatibility complex class I
(MHC-I) MAb do not prevent syncytium formation, but they
cause a drastic decrease in virus production when added to the
culture medium of peripheral blood mononuclear cells imme-
diately after exposure of the cells to HIV type 1 (HIV-1) (10,
11). However, this inhibitory effect was not evidenced when
CEM cells were infected with HIV-1 and treated with anti-
MHC-I MAb. We proposed that this inhibitory effect could be
the consequence of an interference with the replicative cycle of
HIV-1 through a process linked to T-cell activation. More
recently, the neutralization of HIV-1 by anti-MHC-I MAb on
the AA-2 CL1 cell line has been described by Arthur et al. (2),
and these authors suggested that virion-associated cellular
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antigens, including the MHC-I molecules, can play a role in the
infection process. Accordingly, MHC-I molecules could play
different roles during the HIV life cycle.

Questioning the exact role(s) of virus-associated MHC-I
molecules and cell surface-expressed MHC-I molecules during
the HIV life cycle became urgent, particularly in light of the
debate surrounding the role of cellular antigens, including
MHC-I, that, when bound to virions, could confer protection
against simian immunodeficiency virus (SIV) to macaques and
protection against HIV-1 grown in human cells to chimpanzees
(1, 7, 24, 25, 34, 40). By using MHC-I molecule-positive
(MHC-I+) and MHC-I molecule-negative (MHC-I-) HIV to
infect MHC-I+ and MHC-I- cells either in the presence or in
the absence of anti-MHC-I MAb, we have studied here the
roles played by virion-bound and cell surface-expressed
MHC-I molecules. We found that neither virion-bound
MHC-I molecules nor cell surface-expressed MHC-I mole-
cules play a major role in infection.

MATERIALS AND METHODS

MAb and recombinant proteins. Anti-HLA-DR MAb B8-12
(immunoglobulin G2b [IgG2b]) and anti-HLA class I MAb
B9-12/B9-12-1 (IgG2a) were provided by C. Mawas (Institut
National de la Sante et de la Recherche Medicale U119,
Marseille, France). Anti-HLA class I MAb RL4-24-6 (IgGl)
and anti-p2m MAb HC11-151-1 (IgGl) were obtained in our
laboratory (11, 14). Anti-132m MAb B1-1G6 (IgG2a) (14) was
produced by Immunotech (Marseille, France). The main char-
acteristics of the anti-HLA class I and anti-,2m MAb used in
this study have been described previously (10, 11, 14). Anti-
CD4 MAb 13B8-2 (IgGl) that inhibits HIV transcription (9)
was produced by Immunotech. Anti-CD4 MAb OKT4A that
inhibits the binding of HIV to CD4 and OKT4 was purchased
from Ortho Diagnostic Systems (Raritan, N.J.). Anti-HIV-2
p26ras MAb M09-42-2 was obtained in our laboratory (36).
This MAb binds both HIV-2 p26-ag and HIV-1 p245a5 (37).
Neutralizing anti-HIV-1LAI gpl20env MAb 110-H (IgGl) and
anti-HIV-2ROD gpl05env MAb 125-F (IgGl), which bind the
V3 loop, were provided by F. Nato and F. Traincard (Hybri-
dolab, Paris, France) under an Agence National de Recher-
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ches sur le SIDA agreement. Purified (90%) HIV-1 recombi-
nant envelope glycoprotein 160 (gpl60) and gp120 produced in
mammalian cells (BHK) infected with recombinant vaccinia
virus were obtained from Transgene S.A. (Strasbourg, France)
and soluble CD4 (sCD4) was provided by D. Klatzman (Paris,
France) under Agence National de Recherches sur le SIDA
agreements.

Cells. The CD4+ lymphoblastoid CEM cell line was pur-
chased from the American Type Culture Collection (Bethesda,
Md.). The DAUDI cell line was provided by C. Mawas
(Institut National de la Sante et de la Recherche Medicale
U119). The CD4+ DAUDI cell line was constructed as previ-
ously described (8) by infection of DAUDI cells with ampho-
tropic retrovirus particles encoding a CD4 cDNA inserted
downstream from the Moloney murine leukemia virus long
terminal repeat as well as a neomycin-resistant selectable
marker. All cell lines were cultured to a density of 5 x 105 cells
per ml in RPMI 1640 medium (Axcell-Novotec, Lentilly,
France) supplemented with 1% PSN antibiotic mixture, 1%
glutamine, and 10% fetal calf serum (ATGC-Biotechnologie,
Noisy-le-Grand, France) at 37°C in a 5% CO2 atmosphere.
The CD4+ DAUDI cell cultures were fed twice weekly with
RPMI 1640 containing 20% fetal calf serum and 2 mg of G418
(Gibco) per ml.

Virus production. Stock solutions of HIV-1LAI (formerly
LAV-1BRU) and HIV-2RoD strains from supernatants of
chronically infected CEM cells or CD4-transfected DAUDI
cells were prepared as previously described (8) and kept frozen
at -80°C until use. All virus stock solutions were titrated for
infection of the different cell types to be used in this study. One
hundred microliters of a dilution of the virus stock solution
corresponding to 100 50% tissue culture infective doses
(TCID50) was used for infection assays.
ELISA. Wells of a 96-well enzyme-linked immunosorbent

assay (ELISA) plate (Nunc, Paisley, Scotland) were coated at
4°C for 18 h with 100 RI of a solution containing 1 ,ug of either
heat-inactivated virus treated with Triton X-100 or recombi-
nant gpl60 in 100 mM sodium carbonate buffer (pH 9.6). After
the wells were washed, nonspecific binding was blocked by a
4-h incubation with phosphate-buffered saline (PBS) contain-
ing 1% bovine serum albumin (BSA; Sigma, St. Louis, Mo.)
and 0.02% NaN3. MAb diluted to a concentration of 10 ,ug/ml
in PBS-0.2% BSA-0.02% NaN3 was reacted with the coated
antigens for 1 h at 20°C. The plates were washed three times
with PBS containing 0.05% Tween 20. Bound Ig were detected
by adding 100 [lI of goat anti-mouse IgG heavy-plus-light-chain
peroxidase conjugate (diluted 103-fold; Immunotech) for 1 h
and then washing the plates and subsequently incubating them
with O-phenylenediamine (Sigma, Main, Mo.) as the substrate.

Flow cytometric analysis. The two distinct protocols de-
scribed below were used.

(i) Protocol A. Fifty microliters of gpl20 at a concentration
of S ,ug/ml was incubated for 18 h at 4°C with 50 [LI of
anti-HLA class I MAb (RL4-24-6 at 100 jig/ml), anti-,B2m
MAb (HC11-151-1 at 100 jig/ml), sCD4 (20 ,ug/ml), or medium
alone, and this mixture was then added to 105 CEM cells. After
a 30-min incubation at 4°C, the cells were washed three times
with PBS-0.2% BSA-0.1% NaN3 and bound gpl20 was de-
tected by using a pool of human HIV+ sera (50 RI of a 1/100
dilution of a pool of 10 sera reacting with gpl20 in Western
blot [immunoblot] analysis) followed by 50 RI of a 1/25 dilution
of biotinylated sheep anti-human Ig (Amersham) and 50 RI of
a 1/50 dilution of fluoresceinated avidin (Immunotech). After
being stained, cells were fixed in PBS containing 2% formal-
dehyde, and fluorescence intensity was measured on an EPICS

PROFILE cytofluorometer (Coulter, Coultronics, Margency,
France).

(ii) Protocol B. Cells (105) were incubated for 30 min at 4°C
with saturating concentrations of anti-HLA class I MAb (RL4-
24-6), anti-p2m MAb (B1-lG6), or anti-CD4 MAb (OKT4A at
5 ,ug/ml or OKT4 at 10 ,ug/ml). After the cells were washed
three times with PBS-0.2% BSA-0.1% NaN3, 50 ,lI of gpl20 at
a concentration of 5 ,ug/ml was added to the cell suspension.
Bound gpl20 was detected as described above.
HIV infection assay. Cells (5 x 105) were incubated for 30

min at 4°C in a flat-bottomed 96-microwell plate (Costar) with
100 Rl of virus stock solution corresponding to 100 TCID50.
Thereafter, cells were washed five times and cultured in
24-microwell plates (Costar). The amount of virus produced by
the cells was monitored twice a week by measuring the reverse
transcriptase activity in 1 ml of cell-free culture supernatant by
using a synthetic template primer which permitted the RT to
neosynthesize radioactive DNA, as previously described (10).
Depending on the viral life cycle step analyzed, MAb at a
saturating concentration (100 ,ug/ml for anti-HLA class I and
anti-12m MAb, 10 ,ug/ml for anti-CD4 MAb, 10 ,ug/ml for
anti-HIV gpenV MAb 110-H, or 50 ,ug/ml for anti-HIV gpenV
MAb 125-F) either were added to virus for 30 min at 4°C
before the virus was incubated with target cells and were also
added to the cell culture medium at the same concentration
(neutralization assay), were added to cells for 30 min at 4°C
prior to exposure of the cells to virus (inhibition of binding
and/or fusion assay), or were added to the culture medium only
after cells had been exposed to HIV for 30 min at 4°C and
unbound virions had been eliminated by extensive washing of
the cells (postbinding assay).

RESULTS

Neutralization of HIV-1 and HIV-2 infection of CEM cells
by HLA class I- and 02m-specific MAb. The neutralization
produced by anti-MHC class I MAb was evaluated by incubat-
ing HIV with MAb before adding HIV to the CEM cells. As
shown in Fig. la, graph A, when HIV-1L_I was treated with
anti-HLA class I MAb (RL4-24-6 or B9-12), anti-132m MAb
(HC11-151-1 or B1-1G6), or anti-HIV-lLA gpl2OenV neutral-
izing MAb (110-H), RT activity remained negative on day 14
postinfection. Virus production was evidenced in the control
culture on day 7 postinfection. Similarly, when HIV-2ROD
(Figure la, graph B) was treated with anti-HLA class I MAb,
anti-p2m MAb, or anti-HIV-2ROD gpl5env neutralizing MAb
(125-F), the RT activity remained negative on day 14 postin-
fection, whereas virus production was evidenced in the control
culture on day 7 postinfection. In contrast to the complete
neutralization of binding observed with sCD4 treatment, the
anti-MHC-I MAb RL4-24-6 and B1-1G6 did not neutralize the
binding of the recombinant HIV-1AI1 gpl2Oenv molecule to
CEM cells (Fig. 2). In addition, these anti-MHC-I MAb did
not bind the recombinant HIV-1LAI gpl6OefV molecule (see
Fig. 4). Altogether, these data indicate that the neutralizing
effect illustrated in Fig. la is unlikely to be related to an

antigenic cross-reaction between MHC-I and the viral enve-
lope.
To confirm that the absence of virus particles in culture

supernatants of CEM cells exposed to anti-MHC-I MAb-
treated HIVs was related to HIV neutralization and not to an
effect of the MAb on the cells, CEM cells were treated with a

saturating concentration of anti-HLA class I MAb (RL4-24-6
or B9-12) or anti-r32m MAb (HC11-151-1 or B1-1G6) before
they were exposed to HIVs. Under these experimental condi-
tions the productive infection kinetics found with HIV-1lA
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FIG. 1. Effect of anti-MHC-I MAb on the infection of CEM cells by HIV. Three different experimental protocols of infection were used, and

virus production was monitored by measuring the RT activity in culture supernatants. RT activity of <1.5 x 103 cpm/ml (values below the dashed
lines) was considered negative. Several MAb were used in these experiments: anti-HLA class I MAb RL4-24-6 (0) and B9-12 (A), anti-02m MAb
B1-1G6 (V) and HC11-151-1 (A), anti-CD4 MAb 13B8-2 (-) and OKT4A (O), and anti-V3 loop MAb 110-H (K) and 125-F (*). 0, control
infection performed in the absence of MAb. (a) Neutralization of HIV-1LAI (graph A) and HIV-2RoD (graph B) infection of CEM cells by HLA
class I-, P2m-, and gpenv-specific MAb. Viruses (100 TCID50) grown in CEM cells (HIV-1 LAI/CEM and HIV-2 ROD/CEM) were incubated for
30 min at 4°C with MAb before they were added to CEM cells. Cells were cultured in the presence of the MAb. (b) Treatment of CEM cells with
HLA class I-, P2m-, CD4-, and gpenv-specific MAb before exposure to HIV-l,AI (graph A) or HIV-2RoD (graph B). CEM cells were incubated
for 30 min at 4°C with MAb before exposure to 100 TCID50 of HIVs grown in CEM cells (HIV-1 LAICEM and HIV-2 ROD/CEM). Cells were
then cultured in the absence of MAb. (c) Postbinding treatment with HLA class I-, 12m-, CD4-, and gpenv-specific MAb of CEM cells exposed to
HIV-1,AI (graph A) or HIV-2RoD (graph B). CEM cells were incubated for 30 min at 4°C with 100 TCID50 of viruses grown in CEM cells (HIV-1
LAI/GEM and HIV-2 ROD/CEM). Cells were then cultured in medium containing MAb.

(Fig. lb, graph A) and HIV-2ROD (Fig. lb, graph B) were
similar for cells treated with anti-MHC-I MAb and for control
cells that were untreated. Under similar experimental condi-
tions OKT4A, an anti-CD4 MAb that blocks gpl2O-CD4
binding (5), completely inhibited the production of virus in
CEM cells. Moreover, when anti-HLA class I MAb (RL4-24-6
or B9-12), anti-02m MAb (HC11-151-1 or B1-lG6), or anti-
HIV neutralizing MAb were added to the culture medium of
CEM cells exposed to HIV-1lL, (Fig. lc, graph A) or HIV-
2ROD (Fig. lc, graph B), no delay in the production of virus was
evidenced with respect to controls which consisted of cells
infected with HIVs and cultured in the absence of MAb.
Under similar experimental conditions 13B8-2, an anti-CD4
MAb that blocks viral transcription (5), completely inhibited
the production of virus in CEM cells.
These results indicate that anti-HLA class I and anti-,2m

antibodies neutralize the infection of CEM cells by HIV-1 and

HIV-2 grown in MHC-I+ CD4+ cells by interacting with the
virus-associated MHC-I molecules.
HLA class I and 02m proteins associated with HIV do not

play a central role in infection. We first attempted to produce
virus particles lacking expression of HLA class I and ,B2m on
their viral envelopes. To this end, HIV-lLm and HIV-2ROD
(grown in CEM cells) were used to infect CD4-transfected
(MHC-G- CD4+) DAUDI cells. As shown in Fig. 3, produc-
tion of HIV-1 and HIV-2 was evidenced on day 7 postinfection
in the supernatant of CD4-transfected DAUDI cells, whereas
RT activity in the culture supernatant of untransfected
DAUDI cells (phenotype, MHC-G- CD4-) exposed to HIV-1
or HIV-2 remained negative on day 14. Cytofluorometric
studies demonstrated that the CD4-transfected DAUDI cells
remained negative for expression of HLA class I and 12m
antigens (the RL4-24-6 and HC11-151-1 epitopes, respec-
tively) but showed an HLA-DR (B8-12 epitope) induction
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FIG. 2. Anti-MHC-I MAb fail to neutralize the binding of gpl20 to
CEM cells. gpl20 was incubated for 18 h at 4°C with medium alone
(lane A), sCD4 (lane B), anti-HLA class I MAb RL4-24-6 (lane C), or
anti-p2m MAb B1-1G6 (lane D), and this mixture was added to CEM
cells. Bound gpl20 was detected by using anti-gp120 antibodies and a
fluoresceinated probe as described in Materials and Methods.

after infection with HIVs (data not shown). Finally, the MHC-I
phenotypes of cell-free virus particles produced in MHC-I-
CD4+ DAUDI cells and CEM cells were analyzed by ELISA.
As shown in Fig. 4, HIVs produced in MHC-1- CD4+ DAUDI
cells lacked expression of HLA class I and ,B2m molecules,
whereas HIVs grown in CEM cells expressed HLA class I and
02m molecules.
To determine whether virus-associated MHC-I molecules

are necessary for infection, these MHC-1- HIVs were used for
infection of CEM cells. As shown in Fig. 5A, MHC-I-
HIV-1_AI infected the CEM cells, as evidenced by the positive
RT activity detected in the culture supernatant of these cells
on day 7 postinfection. Moreover, when MHC-1- HIV-lL1l
particles were treated with anti-HLA class I MAb (RL4-24-6
or B9-12) or anti-,B2m MAb (HC11-151-1 or B1-1G6), RT
activity was also evidenced on day 7 postinfection. Under
similar experimental conditions, the anti-HIV-1LAI gpl20enV
neutralizing MAb (110-H) was able to inhibit the infection of
CEM cells by MHC-I- HIV-1A1. Similarly, production of
virus particles was evidenced when MHC-1- HIV-2ROD,
treated or not with anti-HLA class I MAb or anti-,B2m MAb,
was used to infect CEM cells (Fig. SB). Only the anti-HIV-
2ROD gp105env neutralizing MAb (125-F) was able to protect
cells from infection with this HIV-2 preparation.
These results indicate that virus-associated HLA class I and

P2m molecules are dispensable for productive infection of
MHC-I+ CD4+ cells and that anti-MHC-I MAb-induced
neutralization of MHC-I+ HIVs results from interaction be-
tween MAb and the virus-associated MHC-I molecules.

Cell surface-bound HLA class I and ,2m proteins are

unnecessary for productive infection of CD4+ cells. It seemed
obvious that HLA class I and P2m molecules on the surfaces of
target cells play no role in the infection process, since infection
of MHC- CD4+ DAUDI cells by HIVs grown in CEM cells is
possible and virus particles are released by these cells (Fig. 3)
(8). This theory was further confirmed by three sets of exper-
iments. First, MHC-I- HIV-1LAI and MHC-1- HIV-2ROD

Days after infection
Symbol Target Cell Virus__
v DAUDI CD4.

HIV-1 LAI/CEM
v DAUDI CD4-

DAUDI CD4+
HIV-2 RODICEM

DAUDI CD4-

FIG. 3. Infection of MHC-1- cells by HIV-1LAI and HIV-2RoD.
MHC-1- CD4- DAUDI cells and CD4-transfected (MHC-1- CD4+)
DAUDI cells were incubated for 30 min at 4°C with 100 TCID50 of
viruses grown in CEM cells. Virus production was monitored by
measuring the RT activity in culture supernatants (see the legend to
Fig. 1 for details).

were used to infect MHC-1- CD4+ DAUDI cells. As shown in
Fig. 6, MHC-1- HIVs infected MHC-1- CD4+ DAUDI cells
but failed to infect MHC-1- CD4- DAUDI cells. Second, as
shown in Fig. 7, when CEM cells were treated with a saturating
concentration of anti-CD4 MAb OKT4 or anti-MHC-I MAb
(RL4-24-6 or B1-lG6) before exposure to recombinant gpl20
(Fig. 7, lanes C, D, and E, respectively), the gpl20 was able to
bind the CEM cells, whereas it failed to bind CEM cells treated
with OKT4A (Figure 7, lane B). Third, when CEM cells were
treated with a saturating concentration of anti-MHC-I MAb
before being exposed to virus, the productive infection kinetics
was similar to that seen with untreated cells (Fig. lb).

These results demonstrate that cell surface expression of
HLA class I and/or P2m molecules is unnecessary for the
productive infection of CD4+ human cells.

DISCUSSION
The main purpose of this study was to clarify the function(s)

of MHC-I molecules bound to particles or expressed on the
surfaces of human cells during HIV infection of CD4-positive
cells. We demonstrated that although MHC-I molecules are
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FIG. 4. MHC-I phenotyping of HIV-1 AI and HIV-2RoD virions

grown in CEM cells or CD4-transfected DAUDI cells. HIV-1LAI and
HIV-2ROD grown in CEM cells (1 and H, respectively) or CD4-
transfected DAUDI cells (H and O, respectively), control antigen
prepared from uninfected CEM cells (-), or HIV-1LAI gpl60env (MM)
was used at 10 ,ug/ml to coat the solid phase. The presence of specific
epitopes for HIV-1 p249ag/HIV-2 p26t0' (M09-42-2), HLA class I
(RL4-24-6), and 12m (B1-1G6) in these samples was evaluated by
indirect ELISA.

dispensable to the productive infection of human cells, MAb
directed at these molecules can inhibit the life cycle of a virus
by neutralization of viral particles.
The fact that cellular materials, including nucleic acids,

enzymes, and a variety of other components, such as MHC
products, are incorporated into budding virions has been
known for a long time (3). HIVs, which mature at the cell
surface, do not escape this rule; cell surface antigens such as

CD3, CD4, CD5, CD11a, CD18, CD25, CD30, CD43, CD54,
CD63, CD71, HLA class I, and HLA-DR have been detected
as integral components of cell-free virions or have been found
in virus preparations as contaminants that were difficult to
remove (2, 16, 17, 20, 22, 28, 33).
The observation that anti-MHC-I MAb neutralize HIVs has

recently led Arthur et al. (2) to speculate about the possibility
that HIVs use not only their own envelope components but
also host-derived adhesion molecules, including MHC-I mol-
ecules, in binding and subsequent infection of target cells. We
report here that several anti-HLA class I and 32m-specific
MAb neutralize the in vitro infection of T cells by HIV-1 and
HIV-2 grown in MHC-I+ CD4+ human cells. At variance with
the neutralizing anti-HLA heavy chain MAb M38 that binds
HIV-1 gp120'"' (6, 19, 26), the neutralizing MAb directed
against the different MHC-I epitopes in our study did not
prevent the binding of gpl20 to CEM cells, nor did they bind
the HIV-lLm gpl60env. Moreover, we found that these MAb
did not neutralize MHC-1- HIV particles, indicating that the
presence of HIV-associated MHC-I molecules is required for
these anti-MHC-I MAb to mediate neutralization. This ex-

Days after infection

Symbol m A b Specificitv

o none

0 110-H HIV-I LAI cnv

1 25-F HIV-' ROD env

* : RL4-24-6 HLA Cass I

AB9-12

HCI l-ISI-I 52m
Bl-IG6

FIG. 5. Failure of HLA class I- and P2m-specific MAb to neutral-
ize MHC-1- HIV-1LAl (A) and MHC-I- HIV-2ROD (B) infection of
CEM cells. Viruses (100 TCID5O) grown in CD4-transfected DAUDI
cells (HIV-1 LAI/DAUDI and HIV-2 ROD/DAUDI) were incubated
with MAb before they were added to CEM cells. Cells were cultured
in the presence of the same concentrations of the MAb. Virus
production was monitored by measuring the RT activity (see the
legend of Fig. 1 for details).

tends our understanding of anti-MHC-I MAb-mediated neu-
tralization; it is likely that anti-MHC-I MAb neutralize HIV
particles by a mechanism akin to opsonization. Moreover, we
found that MHC-1- HIV particles can infect different human
cell lines (e.g., CEM cells and CD4-transfected DAUDI cells),
indicating that HIV-associated MHC-I molecules are dispens-
able for the binding of the virus to human cells and the entry
of the virus into these cells.
We next investigated whether MHC-I molecules on the

surface of the target play a role in binding and infection. We
found (i) that HIVs grown in CD4-transfected DAUDI cells
lack expression of MHC-I molecules oh their envelopes and
that MHC-1- HIV-1 and HIV-2 particles productively infect
CD4-transfected DAUDI cells, (ii) that anti-MHC-I MAb do
not inhibit the binding of viral envelope glycoproteins to CD4,
and (iii) that anti-MHC-I MAb do not protect CEM cells from
infection. These results extend our previous data (8) and
indicate that the MHC-I molecules on the surfaces of the
target cells do not play a major role in fusion or in productive
infection. Altogether, these results argue against the involve-
ment of MHC-I molecules in adhesion patches made up of
viral and cellular molecules located between viruses and cells
as proposed by Arthur et al. (2). However, it remains possible
that in the absence of one of the virus-associated cellular
antigens or cell surface-expressed molecules, the other mole-
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FIG. 6. Infection of MHC-1- cells by MHC-I- HIV-1AI and
MHC-I- HIV-2ROD. MHC-1- CD4- DAUDI cells and MHC-I-
CD4+ CD4-transfected DAUDI cells were incubated for 30 min at 4°C
with 100 TCID50 of HIVs grown in CD4-transfected DAUDI cells.
Virus production was monitored by measuring the RT activity (see the
legend to Fig. 1 for details).

cules participating in the putative patch compensate for the
lack of that compound, allowing binding and fusion to occur.
However, one important issue resides in the fact that the
adhesion patch model should be regarded with respect to the
HIV-associated antigen patch's molecular counterreceptor
found on the target cell. In the case of a circulating CD4+ T
lymphocyte, MHC-I should not be expected to play a role (32).
Adhesion molecules like HLA-DR, CD4, LFA-1 (CDlla/
CD18), and I-CAM (CD54), molecules which could find their
molecular counterreceptors on the surfaces of target cells,
would be more relevant to this model than MHC-I molecules.
It is noteworthy that MAb reacting with either HLA-DR (2,
13) or CD11a/CD18 (21, 41) are known for interfering with the
viral replicative cycle. Further investigations will be required to
understand the roles of these and other host cell surface
molecules in the HIV life cycle.
One possible drawback in vaccine development is that the

variability and rapid mutation of HIVs could limit the efficacy
of vaccines made from standard laboratory strains of HIVs or
their subunits. The fact that cellular materials (including
MHC-I) have been shown to be able to contribute to the

40
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FIG. 7. Anti-MHC-I MAb fail to inhibit the binding of gpl20 to

CEM cells. The binding of soluble gp120 to CEM cells was evaluated
either directly (lane A) or following the incubation of cells with a
saturating concentration of anti-CD4 MAb OKT4A (lane B) or OKT4
(lane C), anti-HLA class I MAb RL4-24-6 (lane D), or anti-p2m MAb
B1-1G6 (lane E). Fluorescence intensity was recorded by using the
linear channels 0 to 1024.

immunogenicity of whole virus vaccine preparations tested in
animal models (1, 7, 12, 24, 25, 29, 31, 34, 38-41) and that MAb
specific for MHC-I conserved structures (monomorphic
epitopes) have been shown to neutralize HIV in vitro may be
considered a new advance in the quest for conserved antigens
that are expressed on the virion surface and able to induce
protective immune responses against HIV. However, the con-
cept of potential synergy between viral antigens and host
antigens as a mechanism for provoking protective immune
responses against lentiviruses is based on observations made
with models whose conditions were far from physiologic (i.e.,
they involved monkeys infected with SIV-1 or HIV-1 grown in
human cells). In these models, the relationship between the
host cell origins of the viruses used for vaccination and those of
the viruses used for challenge is of great importance for the
achievement of protection. Indeed, when vaccinated monkeys
are challenged with SIV grown in monkey cells, they are
infected, even though they had previously been protected
against SIV grown in human cells (7, 39). In humans the
circulating cell-free viruses harbor the MHC-I antigens en-
coded by the patient's MHC-I genes. In the absence of any
autoimmune disease, it is unlikely that virion-bound host
syngenic MHC-I molecules could represent targets for the
host's immune system. Accordingly, the possibility that an
HLA molecule per se can induce a protective immune re-
sponse against HIV in humans is low. It might be hazardous to
purposely manipulate such host antigen recognition in hu-
mans. A breakdown of immunological tolerance to MHC
molecules could generate autoreactive antibodies and/or effec-
tor T cells that would likely be responsible for selective
immune dysfunction, dysfunction perhaps equivalent to that
seen in HIV-infected patients (18).

ACKNOWLEDGMENTS

We thank Claude Mawas, Farida Nato, and Franqois Traincard for
providing us with MAb and Veronique Robert-Hebmann for her help

VOL. 68, 1994

les -~



6338 BENKIRANE ET AL.

in the purification of MAb. We also thank Jean-Claude Chermann,
Pierre Corbeau, Dominique Dormont, and Quentin Sattentau for
stimulating discussions and Paul Clapham for critically reviewing the
manuscript.

This work was supported by the Centre National de la Recherche
Scientifique, the Institut National de la Sante et de la Recherche
Medicale, the Agence Nationale de Recherches sur le SIDA (ANRS-
91077) and the Association pour la Recherche sur le Cancer (ARC-
6055). M.B. is a fellow of the Agence Nationale de Recherches sur le
SIDA.

REFERENCES
1. Anderson, C. 1991. New findings cast doubt on UK vaccine trials.

Nature (London) 353:287.
2. Arthur, L. A., J. W. Bess, Jr., R. C. Sowder II, R. E. Benveniste,

D. L. Mann, J.-C. Chermann, and L. E. Henderson. 1992. Cellular
proteins bound to immunodeficiency viruses: implications for
pathogenesis and vaccines. Science 258:1935-1938.

3. Azocar, J., and M. Essex. 1979. Incorporation of HLA antigens
into the envelope of RNA tumor viruses grown in human cells.
Cancer Res. 39:3388-3391.

4. Barr&Sinoussi, F., J.-C. Chermann, F. Rey, M.-T. Nugeyre, S.
Chamaret, J. Gruest, C. Dauguet, C. Axel-Blin, F. Brun-Vezinet,
C. Rouzioux, W. Rozenbaum, and L. Montagnier. 1983. Isolation
of a T-lymphotropic retrovirus from patients of risk for acquired
immunodeficiency syndrome AIDS. Science 220:868-871.

5. Benkirane, M., P. Corbeau, V. Housset, and C. Devaux. 1993. An
antibody that binds the immunoglobulin CDR3-like region of the
CD4 molecule inhibits provirus transcription in HIV-infected T
cells. EMBO J. 12:4909-4921.

6. Beretta, A., F. Grassi, M. Pelagi, A. Clivio, C. Parravicini, G.
Giovinazzo, F. Andronico, L. Lopalco, P. Verani, S. Butto, F. Titti,
G. B. Rossi, G. Viale, E. Ginelli, and A. G. Siccardi. 1987. HIV env

glycoprotein shares a cross-reacting epitope with a surface protein
present on activated human monocytes and involved in antigen
presentation. Eur. J. Immunol. 17:1793-1798.

7. Chan, W. L., A. Rodgers, R. D. Hancock, F. Taffs, P. Kitchin, G.
Farrar, and F. Y. Liew. 1992. Protection in simian immunodefi-
ciency virus-vaccinated monkeys correlates with anti-HLA class I
antibody response. J. Exp. Med. 176:1203-1207.

8. Clapham, P. R., D. Blanc, and R. A. Weiss. 1991. Specific cell
surface requirements for the infection of CD4-positive cells by
human immunodeficiency virus types 1 and 2 and by simian
immunodeficiency virus. Virology 181:703-715.

9. Corbeau, P., M. Benkirane, R. Weil, C. David, S. Emiliani, D.
Olive, C. Mawas, A. Serre, and C. Devaux. 1993. Ig CDR3-like
region of the CD4 molecule is involved in HIV-induced syncytia
formation but not in viral entry. J. Immunol. 150:290-301.

10. Corbeau, P., C. Devaux, F. Kourilsky, and J.-C. Chermann. 1990.
An early postinfection signal mediated by monoclonal anti-12
microglobulin antibody is responsible for delayed production of
human immunodeficiency virus type 1 in peripheral blood mono-
nuclear cells. J. Virol. 64:1459-1464.

11. Corbeau, P., D. Olive, and C. Devaux. 1991. Anti-HLA antigen
class I heavy chain monoclonal antibodies inhibit human immu-
nodeficiency virus production by peripheral blood mononuclear
cells. Eur. J. Immunol. 21:865-871.

12. Cranage, M. P., L. A. E. Ashworth, P. J. Greenaway, M. Murphey-
Corb, and R C. Desrosiers. 1992. AIDS vaccine developments.
Nature (London) 355:685-686.

13. Dalgleish, A. G., P. C. L. Beverley, P. R Clapham, D. H. Crawford,
M. F. Greaves, and R A. Weiss. 1984. The CD4 (T4) antigen is an
essential component of the receptor for the AIDS retrovirus.
Nature (London) 312:763-767.

14. Devaux, C., J. Boucraut, G. Poirier, P. Corbeau, F. Rey, M.
Benkirane, B. Perarnau, F. Kourilsky, and J.-C. Chermann. 1990.
Anti-p2-microglobulin monoclonal antibodies mediate a delay in
HIV1 cytopathic effect on MT4 cells. Res. Immunol. 141:357-372.

15. Gallo, R C., S. Z. Salahuddin, M. Popovic, G. M. Shearer, M.
Kaplan, B. F. Haynes, T. J. Palker, R. Redfield, J. Oleske, B. Safai,
G. White, P. Foster, and P. Markham. 1984. Frequent detection
and isolation of cytopathic retrovirus (HTLV-III) from patients
with AIDS and at risk for AIDS. Science 224:500-503.

16. Gelderblom, H., H. Reupke, T. Winkel, R Kunze, and G. Pauli. 1987.
MHC-antigens: constituents of the envelopes of human and simian
immunodeficiency viruses. Z. Naturforsch. Teil C 42:1328-1334.

17. Gelderblom, H. R., M. Ozel, and G. Pauli. 1989. Morphogenesis
and morphology of HIV. Structure function relations. Arch. Virol.
106:1-13.

18. Golding, H., F. A. Robey, F. T. Gates III, W. Linder, P. R Beining,
T. Hoffman, and B. Golding. 1988. Identification of homologous
regions in human immunodeficiency virus 1 gp4l and human
MHC class II ,1 domain. I. Monoclonal antibodies against the
gp4l-derived peptide and patients' sera react with native HLA
class II antigens, suggesting a role for autoimmunity in the
pathogenesis of acquired immune deficiency syndrome. J. Exp.
Med. 167:914-923.

19. Grassi, F., R Meneveri, M. Gullberg, L. Lopalco, G. B. Rossi, P.
Lanza, C. De Santis, G. Brattsand, S. Butto, E. Ginelli, A. Beretta,
and A. G. Siccardi. 1991. Human immunodeficiency virus type 1
gpl20 mimics a hidden monomorphic epitope borne by class I
major histocompatibility complex heavy chains. J. Exp. Med.
174:53-62.

20. Henderson, L. E., R. Sowder, T. D. Copeland, S. Oroszlan, L. 0.
Arthur, W. G. Robey, and P. J. Fischinger. 1987. Direct identifi-
cation of class II histocompatibility DR proteins in preparations of
human T-cell lymphotropic virus type III. J. Virol. 61:629-632.

21. Hildreth, J. E. K., and R. J. Orentas. 1989. Involvement of
leukocyte adhesion receptor (LFA-1) in HIV induced syncytium
formation. Science 244:1075-1078.

22. Hoxie, J. A., T. P. Fitzharris, P. R Youngbar, D. M. Matthews, J. L
Rackowsid, and S. F. Radka. 1987. Nonrandom association of cellular
antigens with HTLV-III virions. Hum. Immunol. 18:39-52.

23. Klatzman, D., F. Barre-Sinoussi, M.-T. Nugeyre, C. Dauget, E.
Vilmer, C. Gricelli, F. Brun-Vezinet, C. Rouzioux, J. C. Gluckman,
J. C. Chermann, and L. Montagnier. 1984. Selective tropism of
lymphadenopathy associated virus (LAV) for helper-inducer T
lymphocytes. Science 225:59-63.

24. Langlois, A. J., K. J. Weinhold, T. J. Matthew, M. L. Greenberg,
and D. P. Bolognesi. 1992. The ability of certain SIV vaccines to
provoke reactions against normal cells. Science 255:292-293.

25. Le Grand, R, B. Vaslin, G. Vogt, P. Roques, M. Humbert, D.
Dormont, and A. M. Aubertin. 1992. AIDS vaccine developments.
Nature (London) 355:684.

26. Lopalco, L., C. De Santis, R. Meneveri, R. Longhi, E. Ginelli, F.
Grassi, A. G. Siccardi, and A. Beretta. 1993. Human immunode-
ficiency virus type 1 gpl20 C5 region mimics the HLA class I al
peptide-binding domain. Eur. J. Immunol. 23:2016-2021.

27. McDougal, J. S., J. K. A. Nicholson, G. D. Cross, S. P. Cort, M. S.
Kennedy, and A. C. Mawle. 1986. Binding of the human retrovirus
HTLV-III/LAV/ARV/HIV to the CD4 (T4) molecule: conforma-
tion dependence, epitope mapping, antibody inhibition and poten-
tial for idiotypic mimicry. J. Immunol. 137:2937-2944.

28. Meerloo, T., M. A. Sheikh, A. C. Bloem, A. de Ronde, M. Schtten,
C. A. C. van Els, P. J. M. RohIl, P. Joling, J. Goudsmit, and H.-J.
Schuurman. 1993. Host cell membrane proteins on human immu-
nodeficiency virus type 1 after in vitro infection of H9 cells and
blood mononuclear cells. An immuno-electron microscopic study.
J. Gen. Virol. 74:129-135.

29. Montefiori, D. C., V. M. Hirsch, and P. R Johnson. 1991. AIDS
response. Nature (London) 354:439-440.

30. Moore, J. P., Q. J. Sattentau, P. J. Klasse, and L. C. Burkly. 1992.
A monoclonal antibody to CD4 domain 2 blocks soluble CD4-
induced conformational changes in the envelope glycoproteins of
human immunodeficiency virus type 1 (HIV-1) and HIV-1 infec-
tion of CD4+ cells. J. Virol. 66:4784-4793.

31. Murphy-Corb, M., L. N. Martin, B. Davison-Fairburn, R C.
Montelaro, M. Miller, M. West, S. Ohkawa, G. B. Baskin, J.-Y.
Zhang, S. D. Putney, A. C. Allison, and D. A. Eppstein. 1989. A
formalin-inactivated whole SIV vaccine confers protection in
macaques. Science 246:1293-1297.

32. Norment, A. M., R. D. Salter, P. Parham, V. H. Engelhard, and
D. R. Littman. 1988. Cell-cell adhesion mediated by CD8 and
MHC class I molecules. Nature (London) 336:79-81.

33. Orentas, R. J., and J. E. K. Hildreth. 1993. Association of host cell
surface adhesion receptors and other membrane proteins with

J. VIROL.



HLA MOLECULES AND HIV LIFE CYCLE 6339

HIV and SIV. AIDS Res. Hum. Retroviruses 9:1157-1165.
34. Osterhaus, A., P. de Vries, and J. Heeney. 1992. AIDS vaccine

developments. Nature (London) 355:684-685.
35. Rieber, E. P., C. Federle, C. Reiter, S. Krauss, L. Gurtler, J.

Eberle, F. Deinhardt, and G. Riethmiuller. 1992. The monoclonal
CD4 antibody M-T413 inhibits cellular infection with human
immunodeficiency virus after viral attachment to the cell mem-
brane: an approach to postexposure prophylaxis. Proc. Natl. Acad.
Sci. USA 89:10792-10796.

36. Robert-Hebmann, V., S. Emiliani, F. Jean, M. Resnicof, F.
Traincard, and C. Devaux. 1992. Clonal analysis of murine B cell
response to the human immunodeficiency virus type 1 (HIV1)-gag
p17 and p25 antigens. Mol. Immunol. 29:729-738.

37. Robert-Hebmann, V., S. Emiliani, M. Resnicoff, F. Jean, and C.
Devaux. 1992. Subtyping of human immunodeficiency virus iso-
lates with a panel of monoclonal antibodies: identification of
conserved and divergent epitopes on p17 and p25 core protein.
Mol. Immunol. 29:1175-1183.

38. Spear, G. T., D. M. Takefinan, B. L. Sullivan, A. L. Landay, M. B.
Jennings, and J. R. Carlson. 1993. Anti-cellular antibodies in sera

from vaccinated macaques can induce complement-mediated vi-
rolysis of human immunodeficiency virus and simian immunode-
ficiency virus. Virology 195:475-480.

39. Stahl-Hennig, C., G. Voss, U. Dittmer, C. Coulibaly, H. Petry, B.
Makoschey, M. P. Cranage, A. M. Aubertin, W. Luke, and G.
Hunsmann. 1993. Protection of monkeys by a split vaccine against
SIVmac depends upon biological properties of the challenge virus.
AIDS 7:787-795.

40. Stott, E. J., P. A. Kitchin, M. Page, B. Flanagan, L. F. Taffs, W. L.
Chan, K. H. G. Mills, P. Silvera, and A. Rodgers. 1991. Anti-cell
antibody in macaques. Nature (London) 353:393.

41. Valentin, A., K. Lundin, M. Patarroyo, and B. Asjo. 1990. The
leukocyte adhesion glycoprotein CD18 participates in HIV in-
duced syncytia formation in monocytoid and T cells. J. Immunol.
144:934-937.

VOL. 68, 1994


