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Enhancement of human immunodeficiency virus type 1 infection by
cationic liposomes: the role of CD4, serum and liposome—cell interactions

Krystyna Konopka,'-> Leonidas Stamatatos,!3 Charles E. Larsen,'{ Brian R. Davis* and

Nejat Diizgiineg!-2-3*

LCancer Research Institute and > Department of Pharmaceutical Chemistry, University of California, San Francisco,
California 94143-0128, 3 Department of Microbiology, University of the Pacific, School of Dentistry, San Francisco,
California 94115 and *Medical Research Institute of San Francisco at California Pacific Medical Center, San Francisco,

California 94115, U.S.A.

We have reported previously the enhancement of the
infectivity of human immunodeficiency virus type 1
(HIV-1) by liposomes composed of the cationic lipid V-
[2,3-(dioleyloxy) propyl]-V,N,N-trimethylammonium
chloride (DOTMA). To determine the mechanism by
which this process occurs, we have investigated the role
of CD4, serum concentration and liposome—cell inter-
actions in the DOTMA-mediated stimulation of HIV-
1 infection of A3.01 cells. Serum alone significantly
inhibited the binding and infectivity of HIV-1, but
DOTMA-mediated enhancement of infectivity was
more pronounced in the presence of serum than in its

absence. HIV-1 binding to cells was increased in the
presence of DOTMA liposomes, DEAE-dextran and
polybrene, all of which also enhanced infectivity to a
similar extent at comparable concentrations. Fluores-
cence dequenching measurements indicated that
DOTMA liposomes fused with HIV-1, but not with
cell membranes, in the presence of serum. The
enhancing effect of DOTMA liposomes on HIV-1
infectivity was CD4-dependent, and appeared to in-
volve virus-liposome fusion and liposome binding to
the cell surface. DOTMA liposomes did not mediate
infection of the CD4~ K562 and Raji cell lines.

Introduction

Human immunodeficiency virus type 1 (HIV-1) is
known to use the CD4 protein as its cellular receptor, and
to infect CD4* T lymphocytes (Dalgleish et al., 1984;
Klatzmann et al., 1984 ; McDougal et al., 1986) and other
CD4-bearing cells, such as monocytes and macrophages
(Gartner et al., 1986; Ho et al., 1986; Nicholson et al.,
1986), Langerhans cells (Tschachler et al., 1987) and
human peripheral blood dendritic cells (Patterson &
Knight, 1987). A number of studies have also shown that
cells that do not express demonstrable amounts of CD4
can be infected with HIV, although at low levels (Cheng-
Mayer et al., 1987; Dewhurst et al., 1987 ; Clapham et al.,
1989; Harouse et al., 1989; Tateno et al., 1989; Li et al.,
1990; Cao et al., 1990; Konopka et al., 1991). That
infection is not prevented by anti-CD4 antibodies or
neutralizing doses of recombinant soluble CD4 (rsCD4)
(Clapham et al., 1989; Weber et al., 1989; Weiss et al.,
1989) suggests that receptors other than CD4 are

responsible for the susceptibility of these cells to HIV. -

Expression of the CD4 molecule on the surface of certain
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cells by transfection does not render them susceptible to
HIV-1 infection (Maddon et al., 1986) or enhance
infectivity (Chesebro et al., 1990), suggesting that other
membrane factors may be involved in the initial fusion
step.

There are two essential steps in HIV-1 entry into the
cell: binding of virus to the cell membrane, and fusion of
viral and cell membranes. Both steps are mediated by
two viral envelope proteins, a trans-membrane glycopro-
tein, gp4l, thought to mediate the fusion step, and a
glycoprotein, gpl20, attached non-covalently to gp4l,
responsible for binding to CD4 (Lifson et al., 1986a;
Sodroski et al., 1986; Kowalski et al., 1987). It is thought
that the high affinity binding of gp120 to CD4 (Lasky et
al., 1987) triggers a conformational change in gp120 that
reveals a fusogenic domain of gp4l (Kowalski et al.,
1987, 1991 ; Bosch et al., 1989). Binding of rsCD4 or the
purified V1 domain of sCD4 to gp120 on HIV-1 virions
results in dissociation of gp120 from its complex with
gp4l (Moore et al., 1990); thus, shedding of gp120 may
represent the initial stage in virus—cell fusion.

Polycationic reagents such as polybrene or DEAE-
dextran have frequently been used to increase the
efficiency of retrovirus infection in vitro (Toyoshima &
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Vogt, 1969; Cheng-Mayer et al., 1987, Chesebro &
Wehrly, 1988; Zaia et al., 1988; Tateno et al., 1989;
Busso & Resnick, 1990; Ikeuchi et al., 1990). It has been
suggested that the polycation-mediated enhancement is
due at least in part to increased adsorption of the virus to
the cell, but it may also facilitate virus penetration;
however, the exact mechanisms by which infectivity is
increased remain unclear. Infectivity is enhanced when
target cells are pretreated with polycations or exposed to
virus in the presence of the polycations, but not when
virus is preincubated with the polycations (Toyoshima &
Vogt, 1969).

We have reported recently that preincubation of HIV-
1 with liposomes composed of the positively charged
synthetic lipid N-[2,3-(dioleyloxy) propyl]-N,N,N-tri-
methylammonium chloride (DOTMA), or the addition
of such liposomes during exposure of cells to the virus,
enhances the infectivity of HIV-1 (Konopka et al., 1990).
Sensitivity of various cell types to DOTMA-mediated
enhancement of HIV-1 infection correlates with the
expression of CD4 on the cell surface (Konopka et al.,
1990).

Liposomes containing DOTMA can mediate the
delivery of DNA (Felgner et al., 1987) and RNA
(Malone et al., 1989) into cultured mammalian cells. Pure
DOTMA liposomes have been shown to deliver a gene
regulatory protein and protein-DNA complexes (Debs er
al., 1990) into such cells, although the mechanism of
delivery is not completely understood. DOTMA lipo-
somes interact with DNA molecules to form lipid-DNA
complexes. It has been proposed that DOTMA-DNA
complexes bind to the plasma membrane, fuse and
deliver DNA into the cytoplasm (Felgner et al., 1987;
Felgner & Ringold, 1989; Malone et al., 1989). The
interaction (fusion) of DOTMA-containing liposomes
with cells and subsequent transfection is inhibited by the
presence of serum (Felgner ef al., 1987); this result may
be explained by binding of DOTMA-DNA complexes to
serum constituents.

In contrast, DOTMA liposomes enhance HIV-1
infectivity in the presence of 109 foetal bovine serum
(FBS) (Konopka et al., 1990). Therefore, it was of
interest to determine the effect of serum on the
enhancement of HIV-1 infectivity by DOTMA. Since we
had postulated that the enhancement of infectivity couid
be due to fusion of HIV-1 with DOTMA liposomes, it
was also necessary to examine whether serum affected
this fusion process. Furthermore, to elucidate the
mechanism of action of DOTMA-mediated enhance-
ment of infectivity, we investigated the interaction of
DOTMA liposomes with host cells, both in the absence
and presence of serum. To determine whether the
stimulation of infectivity in CD4* cells occurred using
the CD4 receptor, we examined the role of soluble CD4

and anti-Leu3a antibodies in this process. Since the
enhancement of HIV-1 infectivity by DOTMA lipo-
somes raised the possibility of infecting CD4~ cells by
direct fusion with the plasma membrane bilayer, we
investigated whether K562 and Raji cells could be
infected in the presence of these liposomes.

Methods

Chemicals. DOTMA, synthesized as described previously (Felgner et
al., 1987), was kindly provided by N. Dyson at Syntex Research (Palo
Alto, Ca., U.S.A.) and stored in ethanol under argon at —70°C.
Octadecylrhodamine (R, ) was purchased from Molecular Probes; N-
(lissamine rhodamine B sulphonyl)-phosphatidylethanolamine (Rho-
PE) was obtained from Avanti Polar Lipids; C,,Eg detergent was from
Calbiochem; rsCD4 was kindly provided by Genentech. Anti-Leu3a
antibody was purchased from Becton Dickinson, DEAE-dextran was
from Pharmacia and polybrene was from Sigma.

Cell lines. The CD4* human lymphoblastoid cell line, A3.01, was
obtained from T. Folks (Centers for Disease Control, Atlanta, Ga.,
U.S.A.); the H)/HTLV-IIIg cell clone was obtained from L. Arthur
through the AIDS Research and Reference Reagent Program, NIAID,
the CD4~ human chronic myelogenous leukaemia cell line, K562, was
obtained from ATCC; the CD4~ human Burkitt’s lymphoma B cell
line, Raji, was obtained from Microbiological Associates through P.
Maddon (NIH). Cells were cultured at 37 °C (79 CO,) in RPMI 1640
medium supplemented with 109 (v/v) heat-inactivated FBS, penicillin
(50 units/ml), streptomycin (50 ug/ml) and L-glutamine (2 mM).

Virus. The virus and infected cell lines were handled in P-2 and P-3
facilities as recommended by the Centers for Disease Control (1988).
For fusion experiments, HIV-1 [LAV-1, obtained from the Pasteur
Institute and provided by M. Jennings (University of California,
Davis)] was propagated in human lymphoblastic leukaemia (CEM)
cells purified as described (Larsen et al., 1990) and stored at —70 °C.
The virus preparation and the cell line tested negative for Mycoplasma
contamination. A standard laboratory strain of HIV-1 (LAV) was
originally provided by T.Folks and propagated in A3.01 cells. The
culture supernatant was harvested at times of peak p24 production,
filtered through a 0-22 um Millipore filter, split into aliquots and stored
at —80°C. The reverse transcriptase activity of the virus stock
solutions was 51 x 105 and 8-8 x 10° c.p.m./ml supernatant, as
detected by the method of Hoffman ez al. (1985). The yield of ELISA-
reactive p24 protein in the virus supernatant was approximately 1-0
ug/ml. Virus inocula were standardized by their content of p24 antigen
and cultures were infected with virus at a concentration of between 1
and 10 ng p24/108 cells.

Virus labelling. A fluorescence assay was used to monitor the mixing
of virus and target membranes during fusion, using R;g as the
fluorescent lipid marker (Hoekstra ez al., 1984; Loyter et al., 1988;
Larsen et al., 1990). HIV-1 (100 pg) was labelled with a solution of R,
as described (Konopka et al., 1990). The HIV-1 lipid:protein ratios
reported previously (Aloia et al., 1988) were assumed for determining
the amount of R,z with which to label the virus.

Preparation of liposomes. Pure DOTMA liposomes were prepared in
150 mM-NaCl, 10 mM-TES (Sigma; Calbiochem) and 10 mM-sodium
acetate pH 7-5 (fusion buffer). DOTMA liposomes for infectivity
studies, and those containing a self-quenching concentration of Rho-
PE (4 mol %) for binding and fusion studies, were prepared in
NaCl/TES pH 7-5 by hydrating dried lipid (Bangham et al., 1965) and
extruding three times under argon through double polycarbonate



membranes of 0-08 or 0-2 um pore diameter (Poretics) in a Lipex
Biomembranes high pressure extrusion apparatus, to achieve a uniform
size distribution of vesicles (Szoka ef al., 1980). This procedure results
in the production of predominantly unilamellar vesicles (Diizgiines et
al., 1983; Hope et al., 1985).

Fusion experiments. The dilution of R, or Rho-PE into the target
membranes was measured by following the increase of rhodamine
fluorescence, which results from the relief of self-quenching upon
membrane fusion (Hoekstra et al., 1984; Longe et al., 1986; Diizgilines
& Bentz, 1988). Fluorescence measurements were performed with a
Spex Fluorolog 2 fluorimeter or a Perkin-Elmer LS-5B fluorimeter (555
nm excitation, 595 nm emission and a 590 nm low end cut-off filter to
minimize light scattering), linked through a MacAdios analogue : digi-
tal converter using Manager II software (GW Instruments) to a
Macintosh SE/30 computer to collect raw data, as described earlier
(Larsen et al., 1990).

Binding of DOTM A liposomes to A3.01 and Raji cells. A3.01 and Raji
cells (25 x 107 cells/ml) were preincubated with Rho-PE-labelled
DOTMA liposomes for 1 h at 37 °C in RPMI medium without phenol
red, in the presence of 109 FBS or in the absence of serum. The total
volume of the incubation was 1-0 ml. Free DOTMA liposomes were
separated from the cells by centrifugation at 200 g for 10 min; DOTMA
liposomes do not precipitate or sediment at this speed. The pellet was
then washed twice with RPMI medium without serum. The cell-free
(supernatant) and cell-associated (pellet) Rho-PE fluorescence was
measured in the presence and absence of 0-5% (v/v) C,,E;.

HIV infection of cells. Cell suspension (0-2 ml of 2 x 107 cells/ml) was
incubated with HIV-1 for 2 h at 37 °C to permit adsorption of virus
particles and washed three times to remove unbound virus. Cells were
then resuspended at 5 x 10° cells/ml in RPMI 1640/10%; FBS, cultured
at 37 °C in six-well culture cluster dishes or in 25 ¢cm? culture flasks, and
maintained in 8 ml of medium. Mock-infected cells were treated
similarly but not exposed to the virus. Samples (1 ml) of the supernatant
were collected every 3 or 4 days for subsequent screening by ELISA for
HIV p24 antigen content. At the same time all cell cultures were re-fed
by removing two-thirds of the supernatant and replacing it with fresh
medium. The effect of DOTMA liposomes on HIV infectivity was
investigated using two different protocols: (i) liposomes were added to
the culture medium during the exposure of cells to virus or (ii) the cells
were pretreated with liposomes before addition of virus.

A3.01 cells (2 x 107 cells/ml) were preincubated with various
concentrations of DOTMA liposomes for | h at 37 °C, washed three
times to remove unbound DOTMA and then exposed to virus. After
virus adsorption for 2 h at 37 °C, the cells were washed three times,
resuspended at 5 x 105 cells/ml and cultured in 25 cm? flasks.
Following incubation, cell viability was assessed visually both with and
without the use of trypan blue, and p24 antigen was measured in
duplicate in the supernatant. For experiments performed in the
absence of serum, A3.01 cells were washed three times by centrifuga-
tion (2000 g, 10 min) with RPMI medium without FBS, and then
resuspended and exposed to virus in the same medium.

Detection of HIV infection. HIV-specific antigens were detected in
cell culture supernatants using an HIV-1 p24 antigen capture assay as
described previously (Konopka er al., 1990). The sensitivity of
detection was routinely 38 pg of p24/ml of cell culture supernatant.

Quantification of HIV-1 binding to A3.01 cells. A3.01 cells were
incybated for 2 h at 0 °C or 37 °C with HIV-1 at 10 ng of viral p24/10¢
cells in RPMI medium, in the presence of either 109, or 2%, FBS. The
lowest serum concentration we could achieve, while maintaining the
same virus concentration, was 2%, because to obtain a concentration of
10 ng of viral p24/106 cells, the A3.01 cell supernatant used as a source
of virus (1-0 pg p24/ml) had to be diluted fivefold. Therefore the
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maximum dilution of serum obtainable without changing the virus
concentration was 2%. Subsequently, the cells were washed three times
with medium with 10% or 2% serum and lysed with 0-59, NP40.
Samples were centrifuged at 13000 g for 10 min and p24 antigen was
measured in the supernatant. Where indicated, DOTMA liposomes,
DEAE-dexiran, or polybrene were added during incubation of A3.01
cells with virus.

Assay for CD4-dependent HIV-1-induced cell fusion. The assay was
performed as described (Lifson, 1991) and scored semiquantitatively
24 h later. Uninfected A3.01 cells were used as indicator cells and
chronically infected cells (H9/HTLV-IlIp) expressing HIV glycopro-
teins served as effector cells; both A3.01 and H9/HTLV-III; cells were
diluted to 2 x 106 cells/ml in RPM1/10%; FBS. A3.01 cells were plated
in flat-bottom 96-well microtitre plates at 5 x 10* cells in 25 pl per well.
Appropriate dilutions of test compounds in 200 ul of PBS were added to
the wells and A3.0! cells were preincubated with the compounds for
1 h at 37 °C. Subsequently, a total of 5 x 10* H)/HTLV-III; cells in 25
ul were added to each well containing A3.01 cells and test compound.
Cells were then co-cultivated in the continuous presence of test
compounds at 37 °C for 24 h. The assay was evaluated by inverted
phase contrast microscopy after addition of trypan blue to wells prior to
microscopic evaluation. After 24 h of co-cultivation, syncytium
formation had proceeded to its full extent and cell fusion was typically
extensive enough to warrant a 3+ score. A score of 4+ was assigned to
numerous large syncytia with a low number of viable cells, and >4+ to
numerous syncytia and no viable cells. PBS alone served as a neutral
control; anti-Leu3a antibody and sCD4, known to block HIV-induced
syncytium formation, served as positive controls for inhibition of cell
fusion.

Detection of HIV DNA sequences by the polymerase chain reaction
(PCR). K562 and Raji cells (either uninfected, or exposed to HIV-1 or
heat-inactivated HIV-1 at 10 ng viral p24/106 cells for 2 hat 37 °Cin the
presence or absence of 20 uM-DOTMA liposomes) were maintained as
described above. Immediately after exposure to virus, and on days 3
and 10 post-infection, K562 and Raji cells at a density of 5 x 10%/ml
were treated for 1 h at 56 °C in amplification buffer (50 mM-KCl, 10
mm-Tris-HCl pH 83, 2:5 mM-MgCl,, 0-1 mg/ml gelatin} containing
0-45% NP40, 0-45% Tween 20 and 60 pg/ml proteinase K (proteinase K
was subsequently inactivated at 100 °C for 10 min). Aliquots of lysate
containing 105 cell equivalents were amplified for 35 cycies using HIV
primers SK68/69 (env), SK38/39 (gag) and GH26/27 (HLA-DQA
control), essentially according to Ou ef al. (1988). Amplified products
were hybridized to 32P-labelled ATP end-labelied probes SK70, SK19
and GH64, for the env, gag and HLA primers, respectively (Ou et al.,
1988), and analysed on 109 polyacrylamide gels. Autoradiograms were
obtained at various intervals. The reactions were performed together
with negative DNA samples to control for carryover, and with a
dilution series of HIV-infected cells (8E5 cells, 1 HIV proviral DNA
copy/cell) (Folks et al., 1986) to enable quantification of the HIV DNA
sequences present in a given sample. Heat-inactivated virus controls
were prepared by incubation for 1 h at 56 °C (Zack et al., 1990).

Blocking experiments. Anti-Leu3a antibody has been shown to block
HIV infection of T cells (Sattentau ef al., 1986). A3.01 cells (2 x 10’
cells/ml) were washed with medium without serum, preincubated with
the anti-CD4 antibody Leu3a (Becton-Dickinson) at a concentration of
10 pg/ml for 1 h at 37 °C (Weber et al., 1989) and then preincubated
with 10 uM-DOTMA liposomes in the absence of serum for 1 hat 37 °C.
The cells were washed and infected at 1 ng of viral p24/10° cells in the
absence of serum (< 0:2%) or in the presence of 109, FBS. These
samples were cultured for a further 10 days in the presence of 107 FBS.

RsCD4 has been shown to bind to gp120 with an affinity similar to
that of membrane-bound CD4 and to inhibit HIV infection in vitro
(Smith ez al., 1987; Byrn et al., 1989). HIV-1 (0-4 ug viral p24/ml) was



2688 K. Konopka and others

Table 1. Effect of the composition of the medium on fusion
of HIV-1 with DOTMA liposomes

Reaction mixture Serum content Initial rate* Extent}
NaCl/TES None 40-7 302
NaCl/TES 10% FBS 77 92
NaCl/TES 4 mg/ml BSA 202 270
RPMI None 22:2 169
RPMI 19 FBS 14-9 200
RPMI 109 FBS 12-8 12:6

* Initial fusion rates were calculated from the slopes of curves from a
plot of fluorescence dequenching against time. Values are given as the
percentage of maximal fluorescence (F,,,)/min. Reaction medium
conditions were set prior to injection of DOTMA liposomes (50 um-
lipid); virus concentration was 0-75 pg protein/ml.

+ Measured as the percentage of maximal fluorescence 2-5 min after
initiation of the reaction.

preincubated with rsCD4 (10 pg/ml) for 1 h at 37 °C, and then diluted
with a cell suspension to give 1 ng of viral p24 protein/10° cells. A3.01
cells were infected both with virus preincubated with rsCD4 and
untreated virus in the absence and presence of 2-5 pM-DOTMA
liposomes. The final rsCD4 concentration during exposure of cells to
preincubated virus was (-5 pg/ml.

Results

Fusion of HIV-1 with DOTM A liposomes is dependent on
the composition of the medium

We have demonstrated previously that HIV-1 fuses with
DOTMA /cholesterol liposomes (Konopka et al., 1990).
Fusion of HIV-1 with DOTMA liposomes was depen-
dent on the reaction conditions (Table 1), being faster in
NaCl/TES than in RPMI in the absence of serum; the
pH of each solution was 7-5. Addition of serum to
NaCl/TES significantly reduced HIV-1 fusion with
DOTMA liposomes; this effect was not caused primarily
by the bovine serum albumin (BSA) content of serum
(4 mg/ml is the approximate BSA concentration in 109
FBS). Addition of serum to RPMI medium had a
complex effect on HIV-1 fusion with DOTMA liposomes
(Table 1; Fig. 1). Although the initial rate of fusion in
RPMI was reduced by roughly one-third in the presence
of 1% or 109, FBS, serum had less effect on the extent of
lipid mixing measured after 2-5 min. In the absence of
serum, after an initial rapid increase in fluorescence
intensity (representing fusion), the fluorescence quickly
reached a plateau level. Addition of 109, FBS reduced
the initial rate of fusion; however, the fluorescence
intensity continued to increase without reaching a
plateau, and after 4 min resulted in membrane fusion to
an extent similar to that obtained without serum (Fig. 1).

RPMI+1%FBS

RPMI+10%FBS

Relative fluorescence
vy
T

—
<

i A 1 i 1 i
0 1 2 3 4
Time (min)

Fig. 1. Effect of the composition of the medium on fusion between
HIV-1 and DOTMA liposomes. Fusion between R,s-labelled HIV-1
(0-75 pug/ml) and DOTMA liposomes (50 pM-lipid) (which corresponds
to an approximate 133:1 liposome :virus lipid ratio) was monitored
continuously at pH 7-5 as the increase in R, fluorescence due to lipid
mixing.

Lipid exchange was not the cause of this observed
fluorescence change; there was only a slight dequench-
ing, less than 0-59, per min, in the absence of target
membrane (data not shown). HIV-1 is therefore capable
of fusing with DOTMA liposomes in the presence of 109
FBS.

DOTMA liposomes can bind to but do not fuse with
A3.01 and Raji cells in the presence of 109, FBS

We examined whether the presence of serum would
influence the binding of Rho-PE-labelled DOTMA
liposomes to CD4+ A3.01 cells and CD4~ Raji cells. The
results were essentially comparable for both cell types in
the absence of serum (Table 2). Based on the percentage
of the total fluorescence that was cell-associated,
approximately 1-4, 2-5 and 43 nmol of DOTMA
liposomes were bound, in the absence of serum, to
2-5 x 107 A3.01 or Raji cells incubated with 5, 10 and 20
uM-DOTMA liposomes, respectively. The addition of
10% FBS exerted little effect on binding of DOTMA
liposomes to A3.01 cells. In contrast, the association
between DOTMA liposomes and Raji cells was signifi-
cantly decreased in the presence of 109, FBS. The
DOTMA-—cell association resulted in a limited amount of
lipid mixing (5 to 109,), interpreted as membrane fusion,
within 1 h of incubation with both cell types in the
absence of serum (data not shown). The addition of 109
FBS to the reaction mixture completely inhibited this
fusion (lipid mixing).



Table 2. Effect of serum on binding of DOTM A liposomes
to A3.01 and Raji cells
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Table 4. Enhancement of HIV-1 induced cell fusion by
DOTMA liposomes, polybrene and DEAE—-dextran*

Cell-associated liposomes
(percentage of total fluorescence)*

A3.01 cells Raji cells
DOTMA (um) —-FBS +10% FBS —FBS +10% FBS
5 340 270 28:6 8:0
10 280 24-5 260 11-0
20 21-5 215 210 13-0

* A3.01 and Raji cells were preincubated with Rho-PE-labelled
DOTMA liposomes as described in Methods. The percentage of
the cell-associated Rho-PE was calculated as the ratio of
[F4(c)/F4(t)] x 100, where F4(c) is the cell-associated fluorescence and
F4(t) is the total (cell-free plus cell-associated) fluorescence in the
presence of detergent.

Table 3. Effect of DOTMA liposomes, polybrene and
DEAE-dextran on HIV-1 infection of A3.01 cells

p24 (ng/ml)*

Compound addedt 7 days 10 days
HIV (control) 0-3 + 0-05 95425
5 uM-DOTMA (3-3 pg/ml) 10-8 + 0-83 433 + 60
30 uM-DOTMA (20 pg/ml) 355+ 48 2458 + 430
Polybrene (2 pg/ml) 79 +1:57 659 + 69
Polybrene (16 pg/mil) 128 + 24 1946 + 398
DEAE-dextran (3 pg/ml) 22+ 016 626 + 119
DEAE-dextran (25 pg/ml) 40-0 + 70 2055 + 151

* p24 Antigen was determined in cell culture supernatant 7 and 10
days post-infection. Data represent mean values + 5.D. (n=4).

t DOTMA liposomes (uM-lipid), polybrene and DEAE—dextran
were added during exposure of A3.01 cells to HIV-1 (1 ng of viral
p24/10° cells), as described in Methods.

Effect of DOTMA liposomes, polybrene and DEAE-
dextran on HIV-1 infection of A3.01 cells

To compare the stimulatory effect of polycationic
reagents on HIV-1 infectivity with that of DOTMA
liposomes, A3.01 cells were infected with HIV-1 in the
presence of polybrene, DEAE-dextran or DOTMA
liposomes. As shown in Table 3, all three compounds,
when added during exposure of A3.01 cells to virus,
enhanced virus infectivity to essentially similar extents.

Enhancement of syncytium formation by DOTM A
liposomes, DEAE-dextran and polybrene

Addition of polybrene, DEAE—-dextran, or DOTMA
liposomes during the co-cultivation of A3.01 cells with
H9/HTLV-IlIy cells strongly enhanced syncytium for-

Compound Concentration Syncytium formation
None 3+
DOTMA 2:5t0 5pM 4+
DOTMA 10 to 30 uM >4+
Polybrene 2 to 4 pg/ml 4+
Polybrene 8 to 32 pug/ml >4+
DEAE-dextran 3to 5 pug/ml 4+
DEAE—dextran 10 to 25 pg/ml >4+
Anti-Leu3a 10 pg/ml -

RsCD4 2-5 ug/ml -

* Syncytia were scored 24 h after the addition of chronically infected
cells HO/HTLV-III to uninfected A3.01 cells. The compounds were
preincubated with A3.01 cells and remained in the assays during the
co-incubation period.

Table 5. Effect of RsCD4 on HIV-1 infection of A3.01
cells, in the presence or absence of DOTMA liposomes

Treatment

Time
post-infection HIV (sCD4)* HIV
(days) +DOTMA HIV (sCD4)* + DOTMA HIV

7 1-1 £+ 0-14%
10 272 + 062

0-18 + 0-05
4-22 + 0-86

585+156 28+026
1750 +17-3 930+ 62

* HIV-1 was preincubated with sCD4 (10 pg/ml) for 1 h at 37 °C.
A3.01 cells were infected with untreated virus and the sCD4-
preincubated HIV (1 ng of viral p24/10° cells), in the absence of
DOTMA or in the presence of 2-5 uM-DOTMA liposomes as described
in Methods.

t p24 Antigen was determined in cell culture supernatant 7 and 10
days post-infection. Data represent mean p24 ng/ml £+ S.D. (n=4).

mation (Table 4). The anti-CD4 antibody Leu3a, which
prevents the binding of HIV to CD4 receptors on cells
(Sattentau et al., 1986), and rsCD4 completely inhibited
syncytium formation.

RsCD4 inhibits the enhancement of HIV-1 infectivity by
DOTMA liposomes in A3.01 cells

Anti-Leu3a antibody blocked 939, of the infectivity of
HIV-1 in the presence of DOTMA liposomes (Konopka
et al., 1990). To investigate further the role of CD4 in the
DOTMA-mediated enhancement of HIV-1 infectivity in
A3.01 cells, we used rsCD4 to inhibit infection in the
absence and presence of DOTMA liposomes (Table 5).
Preincubation of HIV-1 with rsCD4 (10 ug/ml) resulted
in inhibition of virus infectivity by 94%,. When A3.01
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Table 6. Effect of serum on the DOTM A-mediated
enhancement of HIV-1 infectivity in A3.01 cells

Table 7. Effect of preincubation of A3.01 cells with
DOTMA liposomes on HIV-1 infectivity

Viral p24
(ng/10° cells) FBS (%) —DOTMA +DOTMA*
1 0-2¢ 199+ 1-7¢ 187+ 18
1 10 34401 42:6 + 8-5
2 04 592 +4-7 394423
2 10 61405 136-5 +23-8
4 0-8 81:0 + 56 1592493
4 10 119+ 07 374-5 4+ 88-1
5 1-0 1311 + 139 1990 +13-3
5 10 10-8 + 1-6 375-54+ 158
10 20 187-3 +24:5 482-5 + 82:0
10 10 294 +2-4 1268-0 + 95-7

7 days 10 days
Preincubation — FBS*
+ HIV (control) 2:4 + 0247 583+17
1-0 uv-DOTMA 234063 1128 +2-5
2:5 yM-DOTMA 47 +0-62 224-0 +27-6
10-0 uv-DOTMA 161 +1-8 319:5 + 30-0
20-0 uM-DOTMA 68:0 + 10-8 1248-8 + 129
Preincubation + 109, FBS*
+ HIV (control) 09 + 0-03 303+13
1-0 uyy-DOTMA 40 + 043 950 + 12-8
2-5 uMm-DOTMA 75+ 07 361-0 + 354
10-0 uv-DOTMA 29-0 + 39 605-0 + 48
20-0 uMm-DOTMA 773+ 119 1075-0 + 151-5

* 10 uM-DOTMA liposomes was added during exposure of A3.01
cells to HIV-1 in the presence of the indicated concentration of FBS, as
described in Methods.

+ A3.01 cells washed with medium without serum were infected as
described in Methods.

1 p24 Antigen was determined in cell culture supernatant 7 days
post-infection. Data represent mean p24 ng/ml +s.D. (n = 4).

cells were infected with virus pretreated with rsCD4 in
the presence of 2-5 uM-DOTMA liposomes, the amount
of p24 was reduced to 1-8% of the amount produced by
cells infected with untreated HIV-1 in the presence of the
liposomes.

Effect of serum on the DOTM A-mediated enhancement
of HIV-1 infectivity in A3.01 cells

We examined whether DOTMA liposomes would
enhance infection to the same extent both in the presence
of 10% FBS and when the serum content was reduced to
< 2% by dilution of virus stock (Table 6). A3.01 cells
were washed with medium without serum and infected at
1,2, 4,5 and 10 ng of viral p24/10° cells, corresponding to
02, 04, 0-8, 1:0 and 2-09% FBS, respectively, in the
absence of liposomes or in the presence of 10 pM-
DOTMA liposomes. These samples were further cul-
tured for 7 days in the continuous presence of 109, FBS
as described in Methods. In a parallel experiment, cells
were infected in medium with 109, FBS.

In the absence of DOTMA liposomes, HIV-1 infection
of A3.01 cells was inhibited significantly by 109, FBS
(Table 6). DOTMA had little or no effect on HIV-1
infection at low FBS concentrations (0-2 and 0-4%).
Approximately twofold enhancement of HIV-1 infectiv-
ity was observed in the presence of 0-8 to 2-09, FBS when
compared to A3.01 cells infected in the absence of
DOTMA. The DOTMA-mediated enhancement was
significantly higher when cells were exposed to virus in

* A3.01 cells were preincubated with DOTMA liposomes, washed
and exposed to HIV-1 (1 ng of viral p24/10° cells), as described in
Methods.

+ p24 Antigen was determined in cell culture supernatant 7 and 10
days post-infection. Data represent mean p24 ng/ml £ s.D. (n=4).

the presence of 10%, FBS; HIV-1 infection was increased
by 12-5- to 43-fold, depending on the virus inoculum,
compared to cells exposed to virus in the absence of
DOTMA.

Preincubation of A3.01 cells with DOTMA liposomes
enhances HIV-1 infectivity

To determine whether pretreatment of A3.01 cells with
DOTMA liposomes could affect HIV-1 infectivity, the
celis were preincubated with various concentrations of
DOTMA liposomes (1 to 20 pwm-lipid), both in the
presence of 10%, FBS and without serum. The cells were
then washed and exposed to virus, as described in
Methods, and cultured for 10 days (Table 7). Pretreat-
ment of A3.01 cells with DOTMA liposomes resulted in
concentration-dependent enhancement of HIV-1 infec-
tivity. The DOTMA-mediated enhancement of HIV-1
infection, as determined by p24 production, was not
affected by the presence of 109, FBS during pretreat-
ment of A3.01 cells with liposomes. As discussed above,
essentially no fusion (lipid mixing) was observed
between A3.01 cells and DOTMA liposomes under these
conditions (data not shown), although binding did take
place (Table 2).

DOTMA liposomes, DEAE—dextran and polybrene
enhance HIV-1 binding to A3.01 cells

To test the influence of the polycationic compounds on
the interaction between cells and HIV-1, A3.01 cells
were incubated with virus in the presence of 29, and 109
FBS, at 0 °C and 37 °C, washed, lysed and then assayed
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Fig. 2. Effect of DOTMA liposomes (10pM-lipid), polybrene
(16 pg/ml) and DEAE—dextran (25 ug/ml) on HIV-1 binding to A3.01
cells. Cells were exposed to HIV-1 (10 ng of viral p24/10° cells), in the
presence of 2% or 10%, FBS, for 2 h at 0 °C (I, with 2%, FBS; B, with
10% FBS) or 37 °C (B, with 2%, FBS; 4, with 10% FBS), and then
washed and lysed as described in Methods. Data represent mean values
+5.D. {n = 4). The control values are too small to be shown at this scale
and are given in the text.

for p24 antigen to quantify HIV-1 binding to the cells
(Fig. 2). Co-incubation of the virus with any one of the
three polycationic compounds enhanced the amount of
virus bound to A3.01 cells substantially, as determined
by the amount of p24 antigen in the cell lysate, following
washing. The amount of p24 antigen determined after
incubation at 37 °C was greater than at 0 °C. The amount
of p24 determined in the lysate of control cells, with 29
FBS present during incubation, was 5-8 +0-4 and
165 + 3-2 pg/10° cells, at 0 °C and 37 °C respectively.
The greater amounts of p24 obtained at 37 °C may reflect
both the increased binding between gp120 and the CD4
receptor, and virus entry (penetration) into the target
cells. DOTMA liposomes and DEAE-dextran were
more effective when incubation of A3.01 cells with HIV-
1 was performed in the presence of 109 FBS, whereas in
the case of polybrene, binding was unaffected by an
increase in FBS concentration from 2 to 10%,. Further-
more, 109, FBS inhibited the binding of HIV-1 to A3.01
cells in the absence of polycationic compounds. The
amount of p24 antigen determined in the lysate of control
cells, with 109, FBS being present during incubation,
was 3-8 + 11 and 7-9 + 1-3 pg/10° cells at 0 °C and 37 °C
respectively. Thus, the increase in the concentration of
FBS from 2 to 109 inhibited the binding of HIV-1 to
A3.01 cells by 35% and 52% at 0°C and 37°C,
respectively. Since the inhibition of HIV-1 binding by
FBS also causes inhibition of infectivity (measured by
p24 production after 7 days; unpublished data), and
because infection of A3.01 cells is CD4-dependent, it
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Table 8. Effect of preincubation of A3.01 cells with anti-
Leu3a antibodies and DOTM A liposomes on HIV-1
infectivity

Treatment
+DOTMA +DOTMA — DOTMA —DOTMA
<0-2% FBS 10% FBS <0-2% FBS 10% FBS
A3.01 cells + anti-Leu3a antibody*
1:6 + 0-13f 45+ 036 0-36 + 0-05 0-3 + 005
A3.01 cells — anti-Leu3a antibody
39-8 + 5-7 753 +25 26:2 +2-5 47+ 02

* A3.01 cells were preincubated with anti-Leu3a antibody (10 pg/ml)
for 1 h at 37 °C and then preincubated in the absence or presence of
10 uM-DOTMA liposomes in the absence of serum, as described in
Methods. The cells were washed and infected at 1 ng of viral p24/108
cells in the absence of serum (< 0-2% FBS) or in the presence of 107,
FBS.

t p24 Antigen was determined in cell culture supernatant 10 days
post-infection. Data represent mean p24 ng/ml +s.D. (n=4).

appears that some component of binding inhibition is
CDd4-specific. However, we cannot exclude the possibil-
ity that part of the inhibition is due to a reduction of non-
specific binding. Less effective binding of HIV-1 to the
cells at the higher serum concentration may be respon-
sible for the reduced infection observed in the presence
of 10%, FBS (Table 6). These data suggest that adsorption
of HIV-1 to the surface of CD4* A3.01 cells was strongly
dependent on the composition of the medium and that
the enhancing action of polycationic reagents was largely
at the adsorption step.

Anti-Leu3a antibody inhibits the DOTM A-mediated
enhancement of HIV-1 infectivity

Our previous experiments on the effect of anti-Leu3a
antibody on HIV-1 infectivity (Konopka et al., 1990)
were performed in the presence of 109, FBS when no
fusion of DOTMA liposomes with cell membranes
occurred. The question arises whether fusion of
DOTMA liposomes with cell membranes could enhance
HIV-1 infection independently of CD4. If this is the
case, then preincubation of anti-Leu3a-pretreated cells
with DOTMA liposomes, under conditions in which
limited lipid mixing occurred (i.e. in the absence of
serum), should enhance the infectivity of HIV-1,
compared to infection of non-DOTMA -pretreated cells.

A3.01 cells were preincubated with anti-Leu3a anti-
body, and then with DOTMA liposomes in the absence
of serum, as described in Methods. Preincubation of
A3.01 cells with anti-Leu3a alone reduced the infectivity
of HIV-1 by approximately 959 10 days post-infection,
when infection was performed either in the presence of
10% FBS or in the absence of serum (<0-2%,) (Table 8).
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When anti-Leu3a- and DOTMA-pretreated cells were
exposed to HIV-1 in the presence of 109/ FBS or in the
absence or serum (< 0-2%,), the amount of p24 was also
reduced to about 5%, of the that produced by cells
pretreated with liposomes, but without pretreatment
with antibody. Thus, anti-Leu3a antibody inhibited p24
production to a similar extent in DOTMA-pretreated
and untreated cells, suggesting that blocking of the CD4
receptor with anti-Leu3a antibody greatly diminished
the DOTMA-mediated enhancement of infectivity.

Effect of DOTMA liposomes on HIV infection of K562
and Raji cells

We investigated whether the CD4~ K562 and Raji cells
could be infected with HIV-1 in the presence of DOTMA
liposomes. Raji cells were chosen because previous
studies had indicated that if these cells are transfected so
that they express CD4 on their surface, they are
susceptible to HIV-1 infection (Maddon et al., 1986).
These cells were not susceptible to HIV-1 infection
(10 ng viral p24 added/106 cells), both in the absence or
presence of 20 uM-DOTMA liposomes. No p24 could be
" detected in the cell culture supernatant 3 and 10 days
post-infection (data not shown). Immediately after
exposure to virus, a very low amount of HIV proviral
DNA (between 2 and 10 copies/10° cells) was detected by
PCR amplification both in K562 and Raji cells, infected
in the absence or presence of 20 pM-DOTMA liposomes.
Essentially the same amount of proviral DNA was
detected in cells treated with heat-inactivated virus,
although the amount of HIV-1 DNA detected in the cells
after 3 days of culture was significantly lower and was
essentially undetectable on day 10 post-infection (data
not shown). The results suggest that a low amount of viral
DNA represents contaminating viral DNA from the
virus added to the exposed cells, indicating that the
presence of DOTMA liposomes did not cause HIV-1
infection and replication in CD4~ K562 and Raji cells.

Discussion

Our previous studies have shown that preincubation of
HIV-1 with DOTMA liposomes or the presence of
DOTMA liposomes during infection enhances the
infectivity of HIV-1 (Konopka et al., 1990). The positive
charge of DOTMA is likely to be important in increased
virus infectivity, because the addition of polyanions such
as DNA (Konopka et al., 1990) or oligodeoxynucleotides
(unpublished results) can abolish DOTMA-mediated
enhancement. Similar neutralization has been reported
for polycation-mediated enhancement of virus adsorp-
tion for avian sarcoma viruses (Toyoshima & Vogt,

1969). DOTMA-mediated enhancement has been ob-
served even in the presence of 109, FBS, which inhibits
the fusion (lipid mixing) of DOTMA-containing lipo-
somes with cell membranes and subsequent transfection
(Felgner et al., 1987 ; this study). Although the initial rate
of fusion between HIV-1 and DOTMA liposomes was
reduced after the addition of serum to RPMI, the time
course of fusion (Fig. 1) indicates that during a 2h
incubation of HIV-1 with DOTMA liposomes in RPMI
medium containing 109 FBS (Konopka et al., 1990),
virus and liposomes can fuse to a significant extent.
Further studies are necessary to quantify the fusion of
DOTMA liposomes with HIV in the presence of human
serum.

In contrast, DOTMA liposomes did not fuse with
A3.01 or Raji cells in serum-containing medium, but
fused to a limited extent only in the absence of serum.
However, HIV-1 infectivity was enhanced when A3.01
cells were preincubated with DOTMA liposomes, both
in the presence and absence of 10% FBS (Table 7).
Furthermore, DOTMA-treated cells could be washed
several times without losing their increased susceptibility
to infection. These results suggest that the binding of
DOTMA liposomes to A3.01 cells (in the absence of any
fusion) is sufficient to enhance HIV-1 infectivity.
Liposomes containing DOTMA and PE can fuse with
other liposomes containing negatively charged phospho-
lipids (Diizgiineg ez al., 1989). Therefore, it is possible
that in the absence of serum, binding of DOTMA to
negatively charged residues near the surface of the lipid
bilayer may lead to destabilization of the plasma
membrane and subsequent lipid mixing (fusion). Al-
though fusion is inhibited in the presence of serum,
DOTMA liposomes still bind to the negatively charged
cell membrane. The attachment of DOTMA or
DOTMA-serum complexes to the cell surface therefore
appears to increase virus—cell binding. The enhancement
of infectivity could arise from (i) increased binding of the
virus to the cell surface, followed by the normal fusion
reaction, (ii) increased fusogenicity of the DOTMA~
HIV fusion product or (iii) a more efficient fusion step
following binding (e.g. an accelerated conformational
change in gp120 or shedding of gp120 from the virions;
Moore et al., 1990).

Interestingly, both HIV-1 binding to the cell surface
and HIV-1 infection of A3.01 cells was significantly
inhibited by 10% FBS. Deglycosylation of gp120 and
gp4l significantly reduces, but does not abolish, HIV-1
binding to and infectivity of CD4+ cells (Fenouillet ez al.,
1990). Human serum mannose-binding lectins are able to
bind to gp120 and this may lead to blockage of infection
in vitro (Lifson. et al., 1986b; Robinson et al., 1987,
Ezekowitz et al., 1989). On the other hand, Larkin et al.
(1989) have reported that lectins do not inhibit HIV-1-



mediated syncytium formation between HIV-1gg-in-
fected H9 cells and C8166 (T cell leukaemia) indicator
cells. Sera from normal, HI'V-uninfected subjects reduce
the sensitivity of an ELISA for gp120 with rsCD4 in the
solid phase, suggesting that serum components interfere
with gp120-CD4 binding (Gilbert et al., 1991). In a focal
infectivity assay which measures the production of
distinct foci of HIV infection in a monolayer of CD4*
HeLa cells (Pincus et al., 1991), plaque formation by
supernatant HIV is inhibited by 109, FBS. Binding
between gp120 and mannose- and carbohydrate-binding
proteins present in FBS (Kawasaki ez al., 1985) may be
responsible for the inhibitory effects of serum observed
in our studies. DOTMA liposomes appear to overcome
the inhibitory effect of FBS by enhancing the binding
between HIV-1 and CD4* cells. Alternatively, DOTMA
may bind to an inhibitory factor in FBS and neutralize its
effect. Arguing against this possibility, however, is the
observation that DOTMA-mediated enhancement of
infectivity is higher in the presence of 109 FBS than at
lower serum concentrations (Table 6); more of this factor
would be removed by DOTMA at lower FBS concentra-
tions. It is unclear why the DOTMA-mediated enhance-
ment is significantly higher in the presence of 109, FBS
than at lower concentrations.

Polybrene or DEAE-dextran have been used to
increase the efficiency of HIV infection in vitro in both
CD4- and CD4* cells with varying effectiveness
depending on the HIV isolate (Cheng-Mayer et al., 1987;
Chesebro & Wehrly, 1988; Zaia et al., 1988 ; Tateno et
al., 1989; Busso & Resnick, 1990; Ikeuchi ef al., 1990).
Chesebro & Wehrly (1988) have reported that the
infection of HeLa CD4* cells by HIV (LAV) is partially
inhibited by DEAE-dextran and strongly inhibited by
polybrene. Primary HIV isolates could infect Hela
CD4" cells only when pretreated with DEAE—dextran;
incubation without pretreatment with DEAE—dextran or
in the presence of polybrene did not result in infection.
Polybrene also inhibits the focal infectivity assay with
HeLa CD4* cells (Pincus et al., 1991). Ikeuchi et al.
(1990) have shown that several CD4~ mesenchymal cells
of different origin, including foreskin fibroblasts (F13),
chondrocytes (C23) and synovial cells (HSA), can be
infected with HIV-1 or -2. All the cell types could be
infected by HIV-2 whether or not DEAE—dextran was
present, whereas DEAE—dextran was required for HIV-
1 infection of C23 or HSA cells; F13 cells could not be
infected by HIV-1 under any conditions. In our studies,
DOTMA liposomes, DEAE-dextran and polybrene
enhanced HIV-1 infection of A3.01 cells, and syncytium
formation between H9/HTLV-I1I; and A3.01 cells to an
essentially similar extent, although DEAE-dextran
increased the amount of HIV-1 bound to A3.01 more
effectively than DOTMA or polybrene. DEAE—dextran
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and DOTMA liposomes were more effective when the
concentration of FBS was increased from 29 to 109,
whereas in the case of polybrene, binding was unaffected
by the increase. These studies illustrate the complexity of
the effect of polycationic agents on HIV infectivity.

Our observations contrast with the results of Innes et
al. (1990) who reported that lipofectin (a commercial
preparation containing DOTMA and dioleoyl PE)
mediates the infection of non-permissive cells by murine
leukaemia virus, but does not enhance the infection of
permissive cells. Lipofectin-mediated infection of
normally non-permissive cells is inhibited by FBS, but
the infection of permissive cells in the presence of
lipofectin is slightly enhanced. Innes et al. (1990) found
that polybrene alone stimulates the infection of permis-
sive cells, but is unable to mediate the infection of non-
permissive cells. It seems likely that the effect of
polycationic reagents and serum on the infectivity of
retroviruses is strongly dependent on the mechanisms
involved in (i) the attachment of the virus to the cell
membrane and (ii) the penetration of virus into the host
cell.

Lipofectin has been used as an efficient reagent for the
introduction of nucleic acids into cells (Felgner et al.,
1987; Malone et al., 1989). The observation that
DOTMA liposomes enhance virus infectivity raises the
following possibility: in experiments where HIV or
simian immunodeficiency virus DNA is transfected
using lipofectin, intact virions produced by the host cells
may re-infect cells by means of residual surface-bound
lipofectin after the transfection process. A similar
argument may hold for DEAE—dextran.

Our studies have confirmed our previous observations
(Konopka et al., 1990) that the enhancement of
infectivity by DOTMA liposomes takes place primarily
via the CD4 receptor; DOTMA liposomes do not
mediate HIV-1 infection and replication in CD4~ cell
lines. In the presence of DOTMA liposomes, rsCD4 and
anti-Leu3a antibody inhibit the infectivity of HIV-1 by
989 and 949, respectively. Blocking infection with
rsCD4 (Smith et al., 1987; Byrn et al., 1989) or anti-
Leu3a antibody (Sattentau er al., 1986; Weber et al.,
1989) has been taken as an indication that HIV-1 entry
occurs predominantly via the CD4 receptor. DOTMA
liposomes enhance the infectivity of the HTLV-IIl,
strain in H9 cells, but are unable to enhance infection in
chronically infected, CD4-downregulated, HY/HTLV-
III; cells, as measured by p24 production during
propagation (unpublished data).

It has been shown by Maddon et al. (1986) that CD4
expressed in HeLa cells can function as a receptor for
HIV and render these cells susceptible to HIV infection.
In contrast, HIV can bind to murine cells (e.g. NIH3T3)
transfected to express CD4, but productive infection is
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not observed. This difference in infectivity exists even
though the affinity of Leu3a for CD4 expressed on
transfected murine and human cells is very similar, the
number of CD4 molecules expressed is comparable and
the endocytic pathway of CD4 is the same (Pelchen-
Matthews et al., 1989). It will be of interest to determine
whether NIH3T3 cells expressing transfected CD4 can
be infected with HIV in the presence of DOTMA
liposomes, and compare the results with those obtained
with HeLa cells expressing CD4. These studies are in
progress in our laboratory.

Biochemical studies of viral proteins may benefit from
increased virus production, as demonstrated by the use of
DOTMA liposomes in the initial stage of infection. This
technique has already been applied to the study of
glycosylation of gp120 produced in U937 and A3.01 cells
(C. A. Abel, E. Pretzer, M. White, H. Enkel & B. Davis.
Abstracts of the Universitywide AIDS Research Pro-
gram Annual Meeting, San Diego, 1990 and San
Francisco, 1991). Another benefit of DOTMA-mediated
enhancement of HIV-1 infectivity may be the increased
propagation of natural HIV isolates as well as laboratory
strains.
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