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The semi-conserved domain of V3 of HIV-1 was syn-
hesised in a lipopeptide form to be presented on the
urface of liposome particles. Composite liposomes
ere constructed with entrapped tetanus toxoid as a

ecall antigen (lipo-V3/TT liposomes) to study the in-
uence of V3 on effector T cells of human normal pe-
ipheral lymphocyte populations. We demonstrated
hat lipo-V3/TT liposomes induce a V3-specific re-
ponse characterised by an early, enhanced prolifera-
ion of effector CD41 T cells, followed by a sharp
poptosis. The phenomenon required the presence of
onocyte-derived macrophages and CD41 T cells, but

t was qualitatively and quantitatively distinct from
he normal soluble antigen-mediated antigen present-
ng cell: T cell interaction. Presence of the b-chemo-
ine RANTES in the culture medium inhibited the
henomenon, suggesting that V3 plays a costimulatory
ole that involves the chemokine receptor CCR5 path-
ay during the process of antigen presentation to T

ells. This observation may be very important if it
ccurs also in HIV-1 infection, as it may explain the
elective and progressive depletion of non-infected ef-
ector CD41 T cells. © 2001 Academic Press

Key Words: V3; lipopeptides; liposomes; T cells; macro-
hages; tetanus toxoid; HIV; proliferation; apoptosis.

The human immunodeficiency virus (HIV) is in-
olved in a number of sophisticated interactions with
he human immune system (1). Asymptomatic infec-
ion with HIV is characterized by a chronic activation

1 To whom correspondence and reprint requests should be ad-
ressed at Dept. of Applied Biochemistry and Immunology, IMBB,
ORTH, P.O. Box 1527, Heraklion 711 10, Crete, Greece. Fax: 130
1 391101. E-mail: krambo@imbb.forth.gr.
63
f the immune system (2, 3), although the mechanism
f this activation is not precisely known. The major
urface glycoprotein gp120 has been reported to induce
ytokine production in monocyte-derived macrophages
4) and elevation in intracellular calcium and inositol
riphosphate in T lymphocytes (5). It is now generally
ccepted that this is the result of the interaction be-
ween gp120 and one of several chemokine receptors
rom the G-protein coupled receptor super-family,
CR5 and CXCR4 being the main coreceptors for the
acrophage-tropic and T cell line-tropic HIV-1 strains

espectively (1).
Macrophages appear to play a crucial role in sustain-

ng HIV-1 in vivo, serving at least as reservoirs for the
irus, implicated also in pathogenesis (2, 3). The pre-
ise involvement of macrophages in HIV-1 infection
nd how they consequently affect the immune system
s far from clear.

The third hypervariable region (V3 loop) of gp120
articipates in a number of postattachment pro-
esses such as virus-cell fusion, syncytium formation
nd viral tropisms (6 –10). Despite reports of the
nvolvement of V3 in T helper cell dysfunction (11,
2), the mechanism via which it contributes to the
athogenesis is still not clearly understood. By using
ells isolated from healthy blood donors, we investi-
ated the effect of the semi-conserved domain of V3
n the interaction of macrophages with T helper cells
uring antigen presentation. In this study, we
resent evidence of a V3-specific phenomenon char-
cterised by an early and enhanced proliferation of
emory T helper cells (CD41/CD45RO1) which

hen undergo an early apoptosis. This phenomenon
as inhibited by RANTES suggesting involvement of

he CCR5 receptor.
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.
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ATERIALS AND METHODS

Peptides and liposomes. The HIV-1 gp120 peptides V3 (LAI
train, a.a. 304–318) RKSIRIQRGPGRAFY, C4 (CD4 receptor, bind-
ng site) SFINMWQEVGKAMYAPPISG, tetanus toxin peptide (a.a.
30–844) QYIKANSKFIGITEL and the control mucin core antigen
UC-1 PAHGVTSAPDTRPAPGSTAP were synthesized using
-moc/tBu chemistry (13). These were converted to lipopeptides ac-
ording to the manufacturer’s instructions by covalent binding of
erine-S-[2,3-bis(palmitoyloxy)-(2rs)-propyl]-n-palmitoyl-(r)-cysteine,
Boehringer Mannheim Biochemica, Germany) to the above pep-
ides. Liposomes were constructed by the dehydration-rehydration
ethod (14). Briefly, 0.5 mmol of phosphatidylcholine (100 mg/ml,
igma), 0.5 mmol of cholesterol (10 mg/ml), and 50 mg of the appro-
riate lipopeptide were mixed and dried under a flow of nitrogen. The
lm was resuspended in 0.5 ml distilled water and 0.5 ml PBS and
onicated for 2 min. The sample was centrifuged at 10,000g for 30
in and 3 mg of tetanus toxoid was added to the supernatant. The
ixture was frozen in liquid nitrogen and lyophilised. The liposomes
ere reconstituted with 100 ml distilled water for 30 min. Non-

ntrapped material was removed by washing twice with PBS.

Cells. Buffy coats were obtained from healthy, HIV-1 sero-
egative donors from Venizelio Hospital Blood Transfusion Service,
eraklion, Crete. The isolated peripheral blood mononuclear cells
ere treated with L-leucyl-L-leucine methyl ester hydrobromide

LLOMe) (Bachem Feinchemikalien AG, Budendorf, Switzerland), as
reviously described (15). Briefly, the cells were incubated in RPMI
640, containing 2% foetal calf serum (CIBCO), together with a
reshly prepared 0.25 mM LLOMe solution, for 15 min at room
emperature. The cells were washed three times in culture medium,
ontaining 2% human serum. After resuspension in RPMI containing
0% human serum the cells were incubated for 2 h at 37°C. During
he last 15 min of the incubation, 10 mg DNAse was added to the
ulture (16). Where appropriate, separation of the CD41, CD81, and
D191 cell populations was carried out with the MACS system

Mylteniil Biotech, Germany) according to the manufacturer’s
rotocol.

Isolation of human macrophages. Monocytes were isolated from
eripheral blood mononuclear cells by selective adherance to the
olid phase and maintained in RPMI containing 5% human serum
nd 50 mM 2-mercaptoethanol.

Antigen-specific proliferation and ELISA assays. For prolifera-
ion assays, 1 3 106 LLOMe treated cells per ml were cultured in
6-well plates (COSTAR) in RPMI, containing 5% human serum, 50
M 2-mercaptoethanol and antigen together with 1 3 106/ml irra-

iated (40 Gy) autologous macrophages. At an appropriate time
eriod cells were harvested after a pulse period of 18 h with 3H-
hymidine (Amersham, UK). Counts per minute of each sample were
easured in a LS1701 beta counter (Beckman, USA). In inhibition

xperiments with the regulated-upon-activation normal T expressed
nd secreted (RANTES) b-chemokine (R&D Systems) were used.
arious concentrations of the above chemokine and proliferation
ere also measured at appropriate time periods. Negative controls
sed the same cells without any kind of stimulation. IL-2, IL-4, and
FN-g were measured with ELISA according to the manufacturer’s
nstructions (Quantikine, R&D Systems Europe, UK).

Measurement of cell apoptosis. In order to measure cell apoptosis
f certain cell sub-populations, 1 3 106 LLO Me treated cells/ml
ocultured with irradiated macrophages and various liposome or
oluble TT combinations at appropriate time periods were stained
rst for CD4/CD45RO surface expression. The cells were collected in
ubes, resuspended in 150 ml cold PBS supplemented with 3% inac-
ivated FCS (GIBCO), pH 7.4–7.6, and incubated for 25 min on ice
ith 5 ml of each of the following fluorochrome labelled antibodies:
D4-RPE-Cy5 (DACO) and CD45RO-RPE (Becton Dickinson). After
ashing with PBS the cell pellet was resuspended in 100 ml annexin
64
-fluos labelling solution, containing a certain amount of annexin
-fluos (Boehringer Mannheim Biochemica, Germany) in a buffer of
0 mM Hepes/NaOH, 140 mM NaCl, 5 mM CaCl2 in pH 7.4 and
ncubated in R.T for 10–15 min. Finally 400 ml of incubation buffer
as added to each tube and apoptosis was analysed immediately on
FACS Callibur (Becton Dickinson) using the CELLQuest pro-

ramme. FLUO has the spectral characteristics of fluorescein (FITC)
oth excited at 488 nm with emission intensity at the rate of 515 nm.

ESULTS AND DISCUSSION

ipoV3/TT Liposomes Induce an Antigen-Specific
Proliferation of the Corresponding Effector
T Cell Population

The human in vitro cell system we applied to study
he influence of V3 on the host T helper cell-mediated

FIG. 1. Activation of human T cells after a 3-day exposure to
ntigen. (A) Stimulation with 1 mg/ml soluble antigens; TT tetanus
oxoid; V3 15 a.a. synthetic peptide from the V3 region (LAI strain). (B)
timulation with one dose of liposome preparation (see Materials and
ethods); liposome control, plain liposomes; lipo-V3 liposome, lipo-

omes with incorporated V3 lipopeptide; TT liposome, liposomes with
ntrapped tetanus toxoid. (C) Stimulation with composite liposomes
ith different incorporated lipopeptides and with entrapped tetanus

oxoid; lipo-V3, V3 lipopeptide; lipo-C4, lipopeptide from the CD41
inding site of the gp 120 C4 domain; lipo-tt, lipopeptide from a Th2
pitope of the tetanus toxoid (a.a. 830–844); lipo-MUC-1, lipopeptide
rom the core mucin MUC-1 tandem repeat unit. Amino acid sequences
f the above peptides are stated under Materials and Methods. The cells
sed were 2 3 105 irradiated APCs and 2 3 105 LLOMe-treated lym-
hocytes per well; each value represents a mean of tests in triplicate.
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mmune mechanism (15) consisted of polymorph-
nd monocyte-depleted peripheral blood lymphocytes
PBL). The average cell composition was 70% CD31/
D41, 15% CD31/CD81, and 10% CD191, as esti-
ated by flow cytometry (FACScan, Beckton and Dick-

nson, USA), and irradiated autologous monocyte-
erived macrophages as antigen presenting cells
APCs), all freshly isolated from HIV seronegative nor-
al blood donors. As V3 antigen we used a synthetic 15

mino acid peptide from the semi-conserved domain of
he V3 loop containing the GPGRAF motif. Activation
f lymphocytes was assessed with proliferation assays
sing tetanus toxoid (TT) as the recall antigen, hence
ll donors in the study were selected to be responsive to
T (15). The V3 peptide was presented to the cell
ultures in two forms: (i) as soluble peptide antigen,
nd (ii) as a lipopeptide (lipoV3) immobilised onto the
urface of liposomes. Exposure of the cells for 3 days to
oluble V3 or TT had no proliferative effect on T cells,
lthough a slight increase was observed when using a
ixture of soluble V3 and TT (Fig. 1A). Similar results
ere obtained when using liposomes with either lipoV3
r entrapped TT (Fig. 1B). Cells stimulated with com-
osite liposomes containing lipo-V3 on the surface and
ntrapped TT (lipoV3/TT liposomes) exhibited a

FIG. 2. Comparison of T cell stimulation by composite lipo-V3/T
ith lipo-V3/TT liposomes (A) and soluble TT (B); APC requirements
T (D). Unless shown otherwise, the cells used were 2 3 105 APCs a

n triplicate.
65
arked increase in proliferation of T cells (Fig. 1C).
his effect was not observed when we used the control

ipopeptides lipo-C4 (CD4 binding domain of HIV),
ipo-tetanus toxin peptide (a.a. 830–844) or lipo-

UC-1 (core mucin monomer) in composite liposomes
ith entrapped TT. The above phenomenon of en-
anced proliferation was observed in 28 out of 30 do-
ors tested, indicating that it is a highly reproducible
vent and clearly associated with the immobilised V3,
s none of the other formulations had such an impact
n T cell activation. Our results concur with similar
bservations that multi-branched GPGRAF peptides
ppeared to mimic part of the V3 loop and interact with
ost cells, in contrast to soluble peptides which had no
uch effect (17). The observations of both Yahi et al.
17) together with our own strongly suggest a multiple
nteraction of V3 with the cell target.

he Lipov3/TT Liposome-Induced Proliferation
Was Distinctly Different from That
of Antigen Presentation

To determine whether the lipoV3/TT liposome-
nduced T cell activation represented a normal
ntigen-mediated APC 2 T cell interaction or a distinct

iposomes and soluble tetanus toxoid: Tetanus toxoid dose-response
optimal T cell stimulation with lipo-V3/TT liposomes (C) and soluble
2 3 105 lymphocytes per well; each value represents a mean of tests
T l
for
nd
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henomenon, we compared the requirements for the T
ell activation as well as the proliferation profiles in
elation to those induced by soluble TT (Fig. 2) and
bserved noticeable differences:
In dose-response studies, lipoV3/TT liposomes were

ffective in a narrow window of concentrations with an
ptimum at 75 ng/ml TT, whereas soluble TT was
ffective on a much broader range with an optimum at

mg/ml (Figs. 2A–2B). The phenomenon was
acrophage-dependent, as no proliferation was ob-

ained in total absence of these cells. Indeed, the num-
er of macrophages required for the T cell stimulation
y the lipoV3/TT liposomes was restricted to a narrow
ange with an optimum response at 6 3 105 APCs per
ell, whereas soluble TT seemed to be effective from
3 105 to over 1 3 107 APCs per well (Figs. 2C–2D).
In a time course analysis of T cell proliferation from

ve donors, we noticed in all cases that in addition to
nhanced proliferation, a much earlier response to
ipoV3/TT liposomes peaking on days 4–7 followed al-
ays by a sharp decline, whereas the response to sol-
ble TT was slower with a peak 2–3 days later (days
–9) and a less defined decline. A representative re-
ponse is shown in Figs. 3A–3B.

FIG. 3. Comparison of the time course activation by lipoV3/TT lip
ntervals with lipo-V3/TT liposomes (A) and soluble TT (B); T cell ac
T (D) for different lengths of time. Unless shown otherwise, the cells
epresents a mean of tests in triplicate.
66
These results suggest that although the phenome-
on was affecting the antigen presentation process, it
as distinct from the normal antigen-mediated APC 2
cell interaction for the following reasons: it was V3-

pecific, and the differences in proliferation could not
e attributed (a) to excess TT since the liposomes con-
ained 13 times less TT than that used in the soluble
T experiments and (b) to the more efficient phagocy-
osis of the liposomes by the APCs, as in pulse exper-
ments (Figs. 3C–3D) the uptake of soluble TT was

uch faster with a maximum T cell activation after
ess than 3 h exposure to soluble TT. In contrast, no
roliferation was induced by the lipoV3/TT liposomes
ncubated over the same time period.

Preliminary results from a kinetics study of cytokine
ecretion in three donors (data not shown) indicated
hat cytokines did not appear to play a major role in the
3-induced phenomenon but were probably produced
s a result of the activation.

ymphocyte Populations Induced
by Lipov3/TT Liposomes

To identify the cell populations involved in the lipo-
3/TT liposome-induced activation, we measured pro-

omes and soluble tetanus toxoid: Proliferation as measured at 2-day
tion after exposure to antigen lipo-V3/TT liposomes (C) and soluble
ed were 2 3 105 APCs and 2 3 105 lymphocytes per well; each value
os
tiva

us
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iferation activity after a positive and negative cell
election in the presence of monocyte-derived macro-
hages (Fig. 4). In the case of positive selection, CD31/
D41 cells responded equally to both lipo-V3/TT lipo-
omes and TT liposomes (Fig. 4A). This suggests that
ffector CD41 T cells were activated only by their
ognate antigenic stimulus. The relatively high non-
pecific proliferation observed may be attributed to cell
timulation by the anti-CD4 antibody used to isolate
he cells, while CD31/CD81 and CD191 cells did not
espond to liposomes. Depletion of the CD31/CD41
ells from the cell mixture (Fig. 4B) rendered prolifer-
tion ineffective, which was to be expected since the
D41 T cells were the only cell population responding

n the positive selection experiments. Depletion of
D31/CD81 did not affect the lipo-V3/TT liposome-
pecific proliferation. Interestingly, depletion of
D191 cells reduced the proliferation. Although this
bservation may indicate a potentially key involve-
ent of CD191 cells, we surmise that it is probably

ue to the severe reduction in availability of CD40 and
HC class II molecules which have been reported to

FIG. 4. Lymphocyte subset populations induced by the
ipoV3/TT liposomes. (A) Positive selection of CD41, CD81, and
D191 lymphocytes; (B) Removal of CD41, CD81, and CD191

ymphocytes from the LLoMe-treated PBL. V3(TT), LipoV3/TT lipo-
omes; (TT), TT liposomes; 0, negative control. The cells used were
3 105 selected lymphocytes and 2 3 105 irradiated APCs per well;

ach value represents a mean of tests in triplicate.
67
nfluence the function (18) and survival (19) of the
D41 T cells.

ccurrence of Apoptosis in Lipov3/TT Liposome-
Activated Effector CD41 Cells

To determine whether the observed sharp decline in
ipoV3/TT liposome–induced proliferation was associ-
ted with cell death, we performed a parallel time
ourse analysis of T cell activation using proliferation
ssays and apoptosis measurements using annexin-V
taining, a calcium ion-dependent phospholipid-
inding protein with high affinity for phosphatidylser-
ne, an exposed surface molecule of lymphocytes during
he early stages of apoptosis (20, 21). In preliminary
xperiments with flow cytometry it was noted that
pecific apoptosis occurred in CD41/CD45RO1 T cells.
imilar observations have been reported with T cell
ubsets expressing CD45RO from HIV-infected pa-
ients (22). In all subsequent experiments, apoptosis
as monitored in this T cell sub-population. The re-

ults indicated that (A) minimal apoptosis was de-
ected at the time the lipoV3/TT liposomes were intro-
uced into the cultures, and (B) the sharp decline of
roliferation (Fig. 5A) during exposure of cell cultures
o lipoV3/TT liposomes was accompanied by a parallel
harp rise in apoptosis of at least the CD41/CD45RO1

ells (Fig. 5C). In contrast, proliferation induced by
oluble TT (Fig. 5B) was always followed by a less
istinct apoptotic rate of the same sub-population (Fig.
D). The above results suggest that lipoV3/TT lipo-
omes induce an early and enhanced activation of
D41/CD45RO1 cells after which they go into a state of
poptosis. These events are qualitatively and quanti-
atively distinct from the equivalent events of antigen
resentation with soluble reporter antigen (TT). Inter-
stingly, there have been reports that HIV induces
ndirect apoptosis in uninfected T cells mediated by
ntigen-presenting cells (23, 24).

nhibition of the Lipov3/TT Liposome-Induced
T Cell Activation

The evidence provided by the lipoV3/TT liposome
xperiments indicates that V3 interferes with a mech-
nism that may well be associated with the virus at-
achment in HIV infection. To identify this potential
echanism, we attempted to inhibit the lipoV3/TT

iposome-induced activation using ligands to receptors
f relevant biological interest.
Maleyated-bovine serum albumin which binds to
acrophage scavenger receptors (25) did not appear to

reatly affect the lipoV3/TT liposome-induced prolifer-
tion. Similarly, anti-CD26 (kindly provided by Dr. E.
osmans, Eurogenetics, Belgium) did not appear to
ffect the T cell activation process (data not shown).
Due to strong evidence that gp120 of HIV-1 interacts
ith chemokine receptors during the attachment of the
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irus to the host cell (see recent review, (26)), we per-
ormed competitive inhibition experiments of lipoV3/TT
iposome-induced proliferation with regulated-upon-
ctivation normal T expressed and secreted (RANTES)
-chemokine (27), which is the ligand of one of the cen-
rally involved receptors, CCR5. The presence of increas-
ng amounts of RANTES in the culture medium led to a
istinct reduction of the T cell proliferation (Fig. 6D). In
ontrast, RANTES did not affect the soluble TT-mediated
ctivation of T cells (Figs. 6C and 6F). The corresponding
ontrol TT liposomes and control cultures containing
ANTES did not give any proliferation (Figs. 6B and 6E).
he experiment was repeated twice with the same pat-
ern of results. The inhibition of the lipoV3/TT liposome-
nduced proliferation suggests that V3 may be involved in
he CCR5 pathway. If such is the case, either RANTES
nterferes with the direct interaction of V3 with CCR5, or
he interaction of RANTES with CCR5 interferes with
he lipoV3/TT liposome-induced proliferation. Further
xperiments addressing this issue are underway using
CR5 antagonists.

roposed Model of Action by LipoV3/TT Liposomes

The evidence from the present study indicates that
he semi-conserved domain of V3 presented in a com-
osite lipopeptide form can act in a manner not re-
orted before. It appears to deliver a signal that results

FIG. 5. Comparison of the time course of activation and apoptosis
iposomes and soluble tetanus toxoid: (A) T-cell proliferation after
ercentage of CD41/CD45RO1 apoptotic lymphocytes stimulated wi
inding using FACScan. The cells used in both procedures were 2
dherent APCs per well, whereas as negative control cells without a
xperiments.
68
n an early, enhanced proliferation of effector CD41 T
ells when responding to their cognate antigen, and
hich is followed by a sharp apoptosis. This pro-
ounced T cell activation could be inhibited by
ANTES, an agonist to CCR5, a chemokine receptor

hat has been implicated in HIV-1 infection. The char-
cteristic differences in cell activation and apoptosis
rom those when using a soluble form of the same
ntigen renders this phenomenon unique, with fea-
ures that resemble certain immune dysfunctions dur-
ng HIV-1 infection.

We speculate on a potential model of action for the
ipoV3/TT liposomes: when antigen-specific memory T
elper cells recognise the presented TT epitope via
heir T cell receptor, they become activated by the
lassical pathway. These T cells, however, receive an
dditional signal from a multiple interaction of macro-
hage membrane-bound V3 molecules and T cell CCR5
olecules. This signal leads to an early and enhanced

ctivation of the interacting T cell and a triggering of
he apoptotic pathway. A recent study of HIV-1 and T
ell interaction reports that the V3 region of M-tropic
IV-1 strains physically interacts with the sulfated
minoterminal of CCR5 (28), although the effect of
uch interaction to the T cell was not described.
It has been reported that interaction of HIV-1 gp120

nd CCR5 of host T cells leads to calcium influx and

the subset population CD41/CD45RO1 during exposure to lipoV3/TT
osure to lipo-V3/TT liposome; (B) with tetanus toxoid; (C and D)

the above antigens respectively, as analysed for annexin-V specific
05 LLoMe-treated lymphocytes cocultured with 2 3 105 irradiated
ntigen stimulation were used. The results represent data from five
of
exp
th
3 1
ny a
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ignalling (29, 30). Normal signal transduction
hrough CCR5 alone has not been shown to have either
roliferative or apoptotic effect on T cells, in agreement
ith our observations. Somma et al. (2000) have re-

ently reported that synchronous stimulation of cloned
uman T cells by normal antigen presentation and
p120 could induce Fas-independent apoptosis imply-
ng an apoptotic function within the gp120 molecule
31). This suggests that exposure of HIV-infected mac-
ophages to other pathogens could induce a gp120-
ependent apoptosis in the respective effector CD41 T
ells, as the rescue signals would be perturbed. HIV
lso induces Fas ligand expression in infected macro-
hages causing apoptosis of uninfected T cells (23, 32).
he net result of such events could be selective activa-
ion followed by progressive depletion of those effector
D41 T cells which are most frequently and persis-

ently activated by exogenous stimuli as in the case of
pportunistic and chronic pathogens. This hypothesis
ould explain the frequent occurrence of such infec-

ions among HIV patients (33). It also offers a reason-
ble explanation for the observation that cellular acti-
ation is a prerequisite to HIV-induced apoptosis of
D41 T cells (34), and that most CD41 T cells which

FIG. 6. T lymphocyte proliferation in the presence of a range of
oncentrations of RANTES b-chemokine and (A) lipoV3/TT lipo-
omes, (B) TT liposomes, or (C) soluble tetanus toxoid. The cells used
ere 2 3 105 T lymphocytes and 2 3 105 irradiated APCs per well.
ells not exposed to antigen and RANTES were used as negative
ontrols. Each value represents a mean of tests in triplicate after
ubtraction of the negative control counts.
69
ie in HIV-infected patients are not infected (35, 36). In
ur hypothesis, the macrophages not only act as a
eservoir for the virus, but also play a vital role in the
epletion of non-infected memory CD41 T cells. Veri-
cation of the contribution of V3 to this intrinsic im-
unological dysfunction will contribute to a better un-

erstanding of the mechanisms that lead to immune
eficiency by the HIV-1 virus thus allowing a rational
esign of novel therapeutic and prophylactic interven-
ions.
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