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Vaccine strategies aimed at blocking virus entry have so far failed to induce protection against
heterologous viruses. Thus, the control of viral infection and the block of disease onset may
represent a more achievable goal of human immunodeficiency virus (HIV) vaccine strategies.
Here we show that vaccination of cynomolgus monkeys with a biologically active HIV-1 Tat
protein is safe, elicits a broad (humoral and cellular) specific immune response and reduces infection with the highly pathogenic simian-human immunodeficiency virus (SHIV)-89.6P to undetectable levels, preventing the CD4+ T-cell decrease. These results may provide new
opportunities for the development of a vaccine against AIDS.

Most AIDS vaccine strategies (reviewed in refs. 1, 2) have failed
to protect against heterologous viruses because of the HIV-1
Envelope strain variability2–5. Vaccines with live attenuated
viruses can protect against heterologous viruses1,6–8; however,
delayed disease onset and the appearance of revertant
viruses9–11 hamper their use in humans.
We chose to target the Tat protein of HIV because Tat is produced early after infection and is essential for virus replication
and infectivity12–14. In addition, Tat is released extracellularly by
infected cells15–18 and is taken up by neighbor cells where activates virus replication16,19,20. Extracellular Tat also favors transmission of both macrophage-tropic and T cell-tropic HIV-1
strains by inducing CCR5 and CXCR4 co-receptors21,22. Tat is
also essential in the pathogenesis of AIDS pathogenesis and
AIDS-associated Kaposi’s sarcoma14,15,18,20,23–30.
Tat is also immunogenic, and antibodies against Tat may
have protective effects in controlling disease progression31–34 by
inhibiting both the effect of extracellular Tat on HIV replication16,33 and its immunosuppressive effects on T cells26.
Furthermore, the presence of anti-Tat cytotoxic T lymphocytes
(CTLs) in the initial phase of infection correlates inversely with
progression to AIDS (refs. 35–37). Tat protein is efficiently taken
up by cells16,17,19,38 and can induce CD8+ T cell-mediated CTLresponses by entering the major histocompatibility complex
(MHC) class I pathway39. Finally, Tat is conserved in its immunogenic epitopes among the different subtypes, with the
exception of the O subtype40.
Thus, although a Tat vaccine cannot block virus entry,
the immune response to Tat may control virus replication and
transmission. As a result, the infection could be confined
and progression to AIDS could be blocked, as has been
suggested41.
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Vaccination of cynomolgus monkeys with Tat
We immunized seven cynomolgus monkeys (Macaca fascicularis) with a biologically active Tat protein17 (Table 1). Six monkeys were immunized subcutaneously with Tat (10 µg) and the
adjuvant RIBI (RIBI; n = 3) or the adjuvant aluminum phosphate
(alum; n = 3), and one monkey, with Tat (6 µg), intradermally,
in the absence of adjuvants. Two control monkeys were injected
subcutaneously with either RIBI or alum alone. A naive monkey
was included in the protocol at the time of challenge as an additional control. Boosts were given at 2, 6, 11, 15, 21, 28, 32 and
36 weeks after the first immunization. The last boost was given
intramuscularly with Tat in immune-stimulating complexes42.
Monkey 54222, immunized intradermally, was vaccinated on a
Table 1
Monkey
54844
54879
54963
54899
55396
54240
54222
55123
55129
12

Vaccination protocols

Immunogen

Adjuvant

Administration

Tat protein
(10 µg/250 µl)

RIBI (250 µl)

SC, 500 µl in one site
(dorsal area, near the neck)

Tat protein
(10 µg/250 µl)

alum (250 µl)

SC, 500 µl in one site
(dorsal area, near the neck)

Tat protein
(6 µg/300 µl)
buffer
(250 µL)
buffer
(250 µl)
None

RIBI (250 µl)
alum (250 µl)

ID, 150 µl in two sites
(upper dorsal area)
SC, 500 µl in one site
(dorsal area, near the neck)
SC, 500 µl in one site
(dorsal area, near the neck)

None

Six macaques were immunized subcutaneously (SC) with Tat in saline containing 20%
autologous serum and RIBI or alum. One monkey was vaccinated intradermally (ID)
with Tat. Control monkeys received RIBI or alum alone. Monkey 12, control of the virus
inoculum at the time of challenge.
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b

RIBI + Tat

Alum + Tat

Reciprocal of plasma dilution

Reciprocal of plasma dilution

a

Weeks after immunization

c

Weeks after immunization

d

Tat

RIBI + TAT

% of inhibition of TAT activity

Reciprocal of plasma dilution

Amount of exogenous Tat (ng/ml)

Weeks after immunization

slightly different schedule (on weeks 0, 5, 12, 17, 22, 27, 32, 38,
42 and 48) and did not receive the boost of immune-stimulating complexes.
No signs of local or systemic toxicity were seen at the time of
vaccination, and clinical laboratory tests (blood cell counts,
blood chemistry and FACS analysis), done each time blood was
drawn, were always in the normal range (data not shown).
Humoral and cellular responses to Tat after vaccination
The six monkeys inoculated with Tat and RIBI or alum seroconverted by week 6 after the first immunization, and the antibody
titers increased up to 1:25,600 in all monkeys immunized with
Tat and alum, and up to 1:12,800 in the monkeys immunized
with Tat and RIBI; these titers remained stable up to 50 weeks
after the first immunization (Fig. 1a and b). Monkey 54222
(given Tat intradermally) developed low titers of antibodies
against Tat (1:100), which were detected up to 32 weeks after
immunization (Fig. 1c).

e

Alum + TAT
% of inhibition of TAT activity
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Fig. 1 Humoral responses to Tat. a–c,
Titers of antibody against Tat after the first
immunization (week 0). Monkeys were
inoculated with: a, RIBI + Tat: 54844 (),
54879 (), 54963 () or RIBI alone:
55123 (); b, alum + Tat: 54899 (),
55396 (), 54240 () or alum alone:
55129 (); or c, Tat alone: 54222 ().
Titers represent the reciprocal of the last
plasma dilution at which the test was still
positive. d–e, Percentages of inhibition by
plasma (1:2 dilution) from vaccinated
monkeys of the rescue of Tat-defective
proviruses induced by 60–500 ng/ml Tat.
Plasma obtained at week 21 after immunization. Macaques were vaccinated with:
d, RIBI + Tat: 54844 (), 54879 (),
54963 (); or e, alum + Tat: 54899 (),
55396 (), 54240 (). Controls (),
pooled pre-immune plasma from the
corresponding groups.

Amount of exogenous Tat (ng/ml)

In addition, at week 21 after immunization, plasma from the
six macaques inoculated with Tat and RIBI or alum were capable
of neutralizing the activity of 120–500 ng/ml of Tat on HIV-1
replication, compared with pre-immune plasma (Fig. 1d–e), as
shown by the inhibition of the rescue of Tat-defective
proviruses induced after the addition to the cells of serial concentrations of Tat (refs. 16,17,20).
Table 2 Tat-specific CTLs and TNF-α production in vaccinated monkeys
Furthermore, at week 44 after immunization, plasma from monkeys
Group
Monkey
Specific killing (%)a
TNF-α (pg/ml)b
54963 (given RIBI and Tat) and
Week 28
Week 36
None PHA
Tat
54899 and 55396 (given alum and
50:1
25:1
50:1
25:1
Tat) were capable of neutralizing the
RIBI + Tat (10µg, SC)
54844
4.7
4.1
14.4
8.8
0
958
70
replication of the SHIV89.6P after in
54879
ND
ND
ND
ND
0
110
260
vitro acute infection of CEMx174
54963
0
0
0
0
ND
ND
ND
cells, compared with pre-immune
ALUM + Tat (10µg, SC) 54899
4.7
3.9
15
8.3
0
9
344
55396
1.1
1.1
0
1
0
416
0
plasma (data not shown). In both as54240
7.2
2.6
ND
2.6
0
0
150
says, neutralization correlated with
1.2
0
ND
12.4d
0
30
50
Tat (6µg, ID)
54222c
the titers of antibody against Tat.
Control (RIBI)
55123
ND
ND
0
0
0
40
0
Tat-specific proliferation was seen
Control (alum)
55129
ND
ND
0
0
0
60
0
in three of three monkeys vaccinated
a
Anti-Tat CTL activity of PBMCs; Anti-Tat CTL activity of PBMCs at 50:1 and 25:1 effector: target ration. weeks 28 and 36,
with Tat and RIBI (Fig. 2a–c) and in
after immunization. Values greater than 10% were considered positive. Monkey 54879 could not be tested because B-cell
b
three of three vaccinated with Tat
transformation with Papio herpesvirus failed despite several attempts. TNF-α production from PBMCs obtained at week 44
after immunization; values represent the average of duplicate wells. Values below cut-off (15.6 pg/ml) were given a value of
and alum (Fig. 2e–g), whereas no re0. cWeeks 22 and 32 after immunization; d 12.5:1 effector:target ratio. ND, not done; SC, subcutaneously; ID, intradermally.
sponse was detected in the macaque
644
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vaccinated intradermally with Tat alone
Table 3 TNF-α production by CD8– and CD8+ cells after Tat stimulation, and
(data not shown) and in the control moncorrelation with cell phenotype
keys (Fig. 2d and 2h).
Specific anti-Tat CTL activity began to be Group
Monkey
TNF-α (pg/ml)
CD8+ cells (%)
CD8– cells CD8+ cells
Total
CD3+/CD8+ CD3–/CD8+
detectable in the vaccinated monkeys at
week 28 after immunization, but only
54879
2
22
88.6
93.4
6.6
reached levels above the cut-off (10%) at RIBI + Tat
week 36 in one of two macaques vaccinated (10 µg, SC)
alum + Tat
54899
2
19
72
85
15
with Tat and RIBI, in one of three monkeys
(10 µg, SC)
vaccinated with Tat and alum and in the
54240
1
7
74.2
94.5
5.5
monkey vaccinated with Tat alone (intraderWeek 44 after immunization. Percentage of total CD8+ cells, CD3+/CD8+ T cells and CD3–/CD8+ NK cells. SC,
mally) (Table 2). Although at week 28 mon- subcutaneously.
key 54240 (given alum and Tat) showed
detectable but low (below 10%) CTL activity, at week 36 the TNF-α after Tat stimulation (Table 2). In contrast, monkeys lacktest was inconclusive.
ing CTL activity, including the control monkeys, produced
To confirm and extend these data, at week 44 after immuniza- TNF-α after stimulation with PHA but not with Tat (Table 2).
tion, we tested the production of tumor necrosis factor-α (TNFTo determine the cell source of TNF-α after Tat stimulation,
α), a known mediator of CTL activity43–46, after stimulation of we separated PBMCs from three of the five responsive monkeys
peripheral blood mononuclear cells (PBMCs) with Tat or phyto- (54879, 54899 and 54240, for which cells were available) into
hemagglutinin (PHA). Monkeys 54879 and 54240 (for which CD8– and CD8+ subsets and evaluated Tat-induced TNF-α proCTL activity could not be tested or was inconclusive, respec- duction separately in the two cell fractions, which we also anatively) and the monkeys that showed anti-Tat CTL activity all lyzed by FACS. The main source of TNF-α (~90%) was the CD8+
produced
cell fraction, which was mostly (range, 85–94.5%) T cells
(CD3+/CD8+) with a minority (range, 5.5–15%) of NK
cells (CD3–/CD8+)(Table 3).
From week 11 or 15 after primary immunization, skin
Monkey 54844
Monkey 54879
tests to Tat produced positive results in two of three
monkeys inoculated with Tat and RIBI ( 54879 and
54963) and in three of three monkeys inoculated with
Tat and alum (data not shown). Monkey 54222 (given
Tat intradermally) did not show any reactivity to Tat. All
monkeys responded to the recall antigen tetanus toxoid.

b

Stimulation index

c

Weeks after immunization
Monkey 54963

d
Stimulation index

Stimulation index

Stimulation index

a

Weeks after immunization

g

Weeks after immunization
Monkey 55123 (control)

Weeks after immunization

f

Weeks after immunization
Monkey 54240

Weeks after immunization

Monkey 55396

Stimulation index

Monkey 54899

h
Stimulation index

Stimulation index

e

Stimulation index

© 1999 Nature America Inc. • http://medicine.nature.com

ARTICLES

Challenge with SHIV89.6P
We used SHIV-89.6P for the virus challenge because it is
highly pathogenic in macaques and because it contains
the tat gene of HIV-1 (ref. 47). The virus stock used for
challenge was derived from a cynomolgus macaque
inoculated with the original SHIV89.6P from rhesus
monkeys.
To determine virus pathogenicity in cynomolgus and
the monkey infectious dose (MID50), we inoculated virus
stocks obtained from rhesus and cynomolgus macaques
into six and eight monkeys, respectively. There were
high levels of virus replication and a profound and persistent decrease in CD4 T cells in all monkeys inoculated
with each virus stock (from 2,852 to 2.8 MID50) (data not
shown), as described47. Therefore, we challenged all vaccinated macaques and the two control monkeys intravenously with 10 MID50 of SHIV-89.6P. As an additional
control, we inoculated a naive monkey (12) with 2.8
MID50 of the virus, a dose lower than the challenge dose.

Weeks after immunization
Monkey 55129 (control)

Weeks after immunization
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Fig. 2 Lymphoproliferative responses. , Tat; , tetanus toxoid.
Monkeys were inoculated with: a–c, RIBI + Tat; d, RIBI alone (control); e–g, alum + Tat; or h, alum alone (control). Vertical axis, fold
of proliferation (measured by 3H-thymidine incorporation) of antigen-stimulated cells compared with unstimulated cells (stimulation
index); values greater than 3 (cut-off) were considered positive.
Monkey 54222, inoculated with Tat alone, responded to tetanus
toxoid (fivefold to tenfold) but not to Tat (data not shown).
Response to PHA, positive control (stimulation index ≥ 4).
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After challenge, all three control monkeys were infected, as
indicated by the presence of p27 antigen (Fig. 3a–c) and viral
RNA (Fig. 3d–f) in plasma. In contrast, only two vaccinated
monkeys (54963, given Tat and RIBI, and 55396, given Tat and
alum) were infected, as shown by both assays (Fig. 3). For the
other five vaccinees, including monkey 54222 (given Tat
alone), p27 and viral RNA were always undetectable. Moreover,
PBMCs from both the control macaques and the two vaccinated, infected monkeys had a high proviral copy number from
week 2 after challenge (Fig. 4a–c). One other macaque (54879,
given Tat and RIBI), had a very low proviral copy number (1.5
copies/µg DNA) only at week 14 after challenge and not later
(Fig. 4a–c). In contrast, in all the other vaccinated monkeys, including monkey 54222 (given Tat alone), proviral DNA was always undetectable.
The control monkeys and the two vaccinated and infected
monkeys (54963 and 55396) also had consistently high levels
of cell associated viral load (cytoviremia) (Fig. 4d–f). In contrast, the other five vaccinated macaques were always negative,
including monkey 54222 (given Tat alone). Moreover, each attempt to isolate virus (done since week 14 after challenge) from
PBMCs depleted of CD8+ T cells and stimulated with PHA from
these five monkeys failed (Fig. 4).
To verify that infection had occurred also in the ‘protected’
monkeys, we did serological assessments. Antibodies against
SIV were detected in all the macaques from week 2 or 4 after
challenge (Fig. 5). Control monkeys had the highest titers (at
least 2 logs higher) and these increased rapidly compared with
those of the vaccinated monkeys. The two infected, vaccinated
monkeys, however, had higher titers than the five ‘protected’
monkeys, but these were delayed compared with those of the
control monkeys. Moreover, in the five ‘protected’ monkeys,
titers of antibody against SIV became undetectable from week
14 or 18 after challenge. Antibodies against the HIV-1 Env of
SHIV89.6P were detected in plasma from three of three control
monkeys and in the two vaccinated and infected monkeys, but
not in the other monkeys (data not shown). However, they
were detected by in vitro antibody production in the super-

c

e

Controls

Alum + Tat

Weeks after challenge

f
Controls
RNA copies/ml

RIBI + Tat

RNA copies/ml

d

Alum + Tat

Weeks after challenge

Weeks after challenge

Weeks after challenge
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p27 pg/ml

RIBI + Tat

p27 pg/ml

a

RNA copies/ml

Fig. 3 Detection of viral
infection up to 28 weeks after
challenge with SHIV-89.6P.
a–c, Detection of p27 ‘antigenemia’. d–f, Detection of plasma
viremia (SHIV RNA copies/ml
plasma). Monkeys were inoculated with: a and d, RIBI + Tat:
54844 (), 54879 (), 54963
(); b and e, alum + Tat: 54899
(), 55396 (), 54240 (); or
c and f, RIBI alone: 55123 (),
alum alone:
55129 () or
nothing: 12 ().

Weeks after challenge

Weeks after challenge

natants of cultured PBMCs stimulated with mitogen pokeweed
(PWM) from all the monkeys, with the highest titers in the
control monkeys (data not shown). Thus, infection probably
had occurred in all monkeys after challenge; however, in five of
seven vaccinated monkeys, it was kept at a very low or undetectable level.
Consistent with these data, the CD4+ T-cell counts decreased
considerably in both the control monkeys and the two vaccinated and infected monkeys, whereas they remained high and
stable in the five ‘protected’ macaques (Fig. 6). An increase in
CD8+ cells was detected in all monkeys after challenge.
However, at week 23 or 28 after challenge, the number of CD8+
lymphocytes returned to values similar to values before challenge (Fig. 6).
Discussion
These data indicate that immunization with a biologically active Tat protein is safe and induces a complete Tat-specific immune response. Vaccination with Tat controlled (up to 28
weeks after challenge) infection with the highly pathogenic
virus SHIV-89.6P in five of seven vaccinated monkeys. In these
monkeys, the CD4+ T-cell numbers did not decrease after challenge, confirming that the Tat vaccine blocked virus replication
and, consequently, prevented the CD4+ T-cell decrease. All parameters of virus replication and a profound CD4 T-cell decrease
were seen in all the naive monkeys (n = 16, including the controls of the vaccination protocol) inoculated in our lab with different MID50 (from 2,852 to 2.852) of SHIV89.6P (grown in
Rhesus or in cynomolgus), except in five of seven of the Tat-vaccinated monkeys.
Although high titers of neutralizing antibodies against Tat
were present in all vaccinated monkeys (except for monkey
54222, inoculated with Tat intradermally), two of three of the
monkeys capable of neutralizing both Tat activity and in vitro
SHIV replication were infected after challenge. No virus was detected in the monkey inoculated with Tat alone, which had low
antibody titers. In contrast, anti-Tat CTLs and/or Tat-induced
TNF-α production were found in all ‘protected’ monkeys, but
NATURE MEDICINE • VOLUME 5 • NUMBER 6 • JUNE 1999
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Fig 4 Detection of viral
RIBI + Tat
infection
after
challenge
with
SHIV-89.6P.
a–c,
Quantitation of the SIV proviral copy number (copies/µg
DNA) up to 28 weeks after
challenge. d–f, Cytoviremia
(infected cells/106 PBMCs)
or virus isolation up to 23
weeks after challenge. From
week 14 after challenge, all
monkeys negative in cyWeeks after challenge
toviremia were tested for
virus isolation (instead of cytoviremia) after CD8+ T-cell
RIBI + Tat
depletion and stimulation
with PHA and rhIL-2, and the
results were always negative.
Monkeys were inoculated
with: a and d, RIBI + Tat:
54844 (), 54879 (),
54963 (); b and e, alum +
Tat: 54899 (), 55396 (),
54240 (); or c and f, RIBI
alone: 55123 (), alum
alone: 55129 () or nothing:
Weeks after challenge
12 (). c, For monkey 12
(control monkey inoculated
with 2.8 MID50 of SHIV), DNA PCR was also positive at week 2, however,
the proviral copy number was not determined. f, Before week 23, mon-

b

Antibody titers

Weeks after challenge

c

Alum + Tat

Tat

Weeks after challenge

d
Antibody titers

Controls

Weeks after challenge

Weeks after challenge
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SIV pro-viral copy number

Controls

e

Alum + Tat

Weeks after challenge

f

Controls

Cytovviremia

Cytovviremia

SIV pro-viral copy number

Cytovviremia

b
Antibody titers

RIBI + Tat

Antibody titers
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they were undetectable in the two infected, vaccinated monkeys. Most of this TNF-α originated from the CD8+ T-cell subset,
confirming that CTLs detected in the monkeys belong to this
cell type39.
The low levels of the anti-Tat CTLs detected before challenge
in our monkeys are not surprising, because although Tat-specific CTLs responses can interfere with disease progression36, the
CTL levels are generally much lower and therefore are not com-

c

Weeks after challenge

d

a

Alum + Tat

SIV pro-viral copy number

a

Weeks after challenge

Weeks after challenge

key 12 was always tested by virus isolation and results were always
positive (data not shown).

parable with those detected against other viral proteins such as
Gag, Pol or Env (refs. 36,37,48–50).
These data indicate that a cellular response to Tat may be involved in controlling infection, as suggested by previous work36
and by data showing an inverse correlation between the presence of CTLs and HIV-1 viral load50. However, these data do not
exclude the possibility of a role for antibodies against Tat in
controlling infection and progression to AIDS. In particular,
the two vaccinated, infected monkeys had slowly increasing
and lower titers of antibodies against SIV or HIV, compared
with those of the control monkeys, indicating that neutralizing
antibodies against Tat may interfere with virus replication.
An AIDS vaccine based on Tat represents a strategy aimed at
controlling HIV replication and at modifying the virus–host interaction that leads to progressive immunodeficiency and disease onset. However, the immune response against Tat cannot
block virus entry. In fact, it is likely that a low level and/or
abortive infection has occurred also in the five ‘protected’
monkeys, as indicated by the presence of transient and low
titers of antibody against SIV.
Sera from HIV-1-infected Ugandan patients, infected with the
A and D subtypes of HIV-1 (ref. 51), recognize our Tat protein
(derived from an HIV-1, subtype B strain) (S.B. et al., unpublished data), which indicates that Tat is sufficiently conserved
to be an optimal vaccine target against infection with all or

Fig. 5 Titers of antibody against HIV-2/SIV up to 28 weeks after challenge
with SHIV-89.6P. Monkeys were inoculated with: a, RIBI + Tat: 54844 (),
54879 (), 54963 (); b, alum + Tat: 54899 (), 55396 (), 54240 ();
c, Tat alone: 54222 (); or d, RIBI alone: 55123 (), alum alone: 55129
() or nothing: 12 (). Titers represent the reciprocal of the last dilution at
which plasma were still positive.
647
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HIV-1 Tat protein expression, purification and inoculation. HIV-1 Tat from the HTLV-IIIB isolate (subtype B) was
expressed in Eschericia coli, purified to homogeneity by heparin-affinity chromatography and high-performance liquid chromatography and stored lyophilized at –80 °C as
described17. Purified Tat had full biological activity in several assays15–17. As Tat is sticky, oxydizes easily and is photoand thermo-sensitive16, it was resuspended in degassed
buffer before use in vitro17 or in saline containing 20% of
autologous serum for monkey injection. Plasticware, syringes and needles were rinsed in medium containing 10%
fetal calf serum (FCS) or in saline containing 20% autologous serum, and all of these procedures were done in the
dark with samples on ice.

CD8+

Lymphocytes/µl

c

d

e

f

h

g

Adjuvants. RIBI containing monophosphoryl lipid A, trehalose dimycolate,
cell wall skeleton in oil (squalene) and Tween 80 was obtained through the
European Concerted Action on Macaque models for AIDS Research from
the AIDS Reagent project (National Institute for Biological Standards and
Control, Potters Bar, UK). Alum (aluminum phosphate) was a gift from P.
Frezza (Hardis, Naples, Italy). Immune-stimulating complexes containing
the Tat protein (80 µg/ml) were prepared with a described procedure42.
ELISA and western blot analysis were done to confirm the co-localization of
the immune-stimulating complexes with the Tat protein (data not shown).
Detection of antibodies against Tat. Polyvinyl chloride microtiter plates
were coated with Tat (100 ng/200 µl per well of 0.05 M carbonate buffer,
pH 9.6) for 12 h (4 °C) and extensively washed with PBS without Ca2+ and
Mg2+ containing 0.05 % Tween 20 (PBS/Tween). Plasma, 200 µl diluted in
buffer, was then added to each well in duplicate. Plates were incubated for
90 min (37 °C), washed five times with PBS/Tween and 100 µl horseradish
peroxidase-conjugated secondary antibody (Sigma) diluted 1:1,000 in
PBS/Tween (containing 1% BSA) was added for 90 min (37 °C). After extensive washing of the plates, 100 µl peroxidase substrate (ABTS 1 mM,
Amersham Pharmacia Biotech, Milan, Italy) was added and the absorbance
at 405 nm was measured with a spectrophotometer. A rabbit polyclonal
antiserum against Tat, used at serial twofold dilutions (1:200–1:6,400),
was the positive control. Monkey preimmune plasma (diluted 1:50 and
1:100) was the negative control. The mean of the negative controls + 3
standard deviations represented the cut-off value. The minimal plasma dilution used was 1:50.
648

b

Lymphocytes/µl

Methods
Animals. Adult cynomolgus monkeys (Macaca fascicularis)
were housed in single cages within level 3 biosafety facilities
according to the European guidelines for non-human primate care (ECC, Directive No. 86-609, Nov. 24, 1986).
Monkeys were examined and their weights and rectal temperatures were measured while they were sedated by ketamine hydrochloride anaesthesia (10 mg/kg). Blood samples
for hematological, immunological and virological analysis
were obtained in the morning before food administration.

CD4+

Lymphocytes/µl

most viral strains. Because Tat delivered as DNA
or as a Tat toxoid is safe and immunogenic in animals and humans34,48,52–54, Tat, alone or combined
with other viral products, may represent an optimal target for AIDS vaccine development for both
preventive and therapeutic applications.

a

Lymphocytes/µl

Fig. 6 CD4+ and CD8+ T-cell counts up to 28 weeks after
challenge with SHIV-89.6P. a, c, e and g. Numbers of CD4+
T cells/µl; b, d ,f and h. Numbers of CD8+ T cells/µl.
Monkeys were inoculated with: a and b, RIBI + Tat, 54844
(); 54879 (), 54963 (); c and d, alum + Tat: 54899
(), 55396 (), 54240 (); e and f, Tat alone: 54222 ();
or g and h, RIBI aone: 55123 (), alum alone: 55129 ()
or nothing: 12 ().

Weeks after challenge

Weeks after challenge

Neutralization of Tat activity on HIV replication by the rescue assay.Tat
activity was measured by the rescue assay in which the replication of Tatdefective HIV-1 proviruses is induced by serial concentrations of Tat added
to HLM-1 cells (HeLa CD4+ cells containing a Tat-defective HIV-1 provirus)
as described16,17,20. Growth medium (300 µl) containing either preimmune
or immune plasma (1:2 dilution) were added to each well (in duplicate).
Supernatants were collected 48 h later and p24 Gag content was determined by an antigen capture assay (NEN).
Lymphoproliferative responses. PBMCs were purified from citrated peripheral blood on a Ficoll gradient with a standard procedure. PBMCs (2 ×
105 in 100 µl of growth medium) were plated with 100 µl of medium, PHA
((2 µg/ml); Murex Biotech Limited, Datford, UK), tetanus toxoid (5 µg/ml)
or Tat (5 µg/ml) each in triplicate wells. After 5 d, 1 µCi 3H-thymidine was
added and the radioactivity in samples was measured 16 h later with a
Betaplate (Wallac, Turku, Finland).
CTL assay. PBMCs were seeded (5 × 106/well in 0.5 ml complete medium)
in a 24-well plate with Tat (1 µg). One day later, 5 × 106 PBMCs were incubated for 3 h with Tat (1 µg), washed twice and added to the wells containing the PBMCs stimulated previously. On day 2, 2 IU of recombinant human
IL-2 (rhIL-2) was added to each well. Half of the supernatant was replaced
with medium containing rhIL-2 twice each week. On day 14, cells were collected, counted, resuspended in growth medium containing 1 mM sulfinpyrazone (Sigma) and seeded (96-well round-bottomed plates) at serial
twofold dilutions (in duplicate) (effectors). The day before the assay, herNATURE MEDICINE • VOLUME 5 • NUMBER 6 • JUNE 1999
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pesvirus Papio-transformed autologous B lymphocytes55 were pulsed
overnight with or without Tat (4 µg/106 cells; targets), labeled with the
fluorescence-enhancing ligand bis (acetoxymethyl 2,2':6',2"-terpyridine6,6"-dicarboxylate (BATDA) according to the manufacturer’s instructions
(Delfia; Wallac, Turku, Finland)(ref. 56), and 5 × 103 cells were added to the
effectors. After 2 h, 20 µl of supernatants were mixed with 200 µl of
Europium solution, and fluorescence was measured after 20 min with a
time-resolved fluorescence reader (Victor; Wallac, Turku, Finland). The percent specific lysis was calculated for each effector:target ratio as follows:
(test release–spontaneous release)/(maximum release–spontaneous release) × 100. The percent specific lysis against unpulsed autologous B lymphocytes was calculated and subtracted from the percent specific lysis
against the Tat-pulsed targets. The assay was considered positive for values
exceeding 10%.
TNF-α production in PBMCs, CD8+ or CD8– T cells after Tat stimulation.
PBMCs were seeded (in duplicate wells) in a 24-well plate in 1 ml complete
medium (1 × 106 cells/ml) and stimulated with PHA (2 µg/ml) or Tat (5
µg/ml). After 2 days, 100 µl of the cell supernatants was collected, and TNFα production was measured by ELISA as suggested by the manufacturer
(Cytoscreen Monkey for TNF-α; Biosource, Camarillo, California).
To determine the cell source of TNF-α production, unfractionated
PBMCs were seeded in a 6-well plate in 4 ml complete medium (2 × 106
cells/ml) and stimulated with Tat (5 µg/ml). After 2 d, cells were washed,
counted and separated into CD8+ and CD8– cells using Dynabeads (Dynal,
Oslo, Norway) following the manufacturer’s instructions. The purity of the
cell populations was evaluated by three-color FACS analysis using monoclonal antibodies against CD3, CD4 and CD8 . CD8– and CD8+ cells were
separately plated (5 × 104 cells/well) in a total volume of 200 µl in a U-bottomed 96-well plate in the presence of 2 U/ml of IL-2. Supernatants (100 µl)
from the two different cell populations were collected after an additional 24
h, and TNF-α production was evaluated by ELISA.
Skin tests for tetanus toxoid and Tat. PBS containing 0.1% BSA (150 µl)
alone (negative control) or with tetanus toxoid (7 µg) or Tat (5 or 1 µg) was
injected intradermally on a shaved area of the upper back. Monkeys were
assessed at 24, 48 and 72 h after this injection. The test was considered
strongly positive (++) or positive (+) in the presence of induration and erythema with a diameter of ≥5 mm or 1–4 mm, respectively. Erythema without induration or erythema < 1 mm were considered weakly positive (±) or
negative (–), respectively.
Generation of SHIV-89.6P virus stock, and in vivo and in vitro titration.
To prepare the virus stock, the parental SHIV-89.6P (ref. 47) (obtained from
N. Letvin, Harvard Medical School, Boston, Massachusetts) was used to infect a cynomolgus macaque. At day 14 after infection, the monkey was
killed and total or CD8+ T cell-depleted cells obtained from spleen and
lymph nodes were stimulated in vitro with PHA (2 µg/ml) and cultured in
RPMI containing 15% FCS and 50 IU/ml of rhIL-2. Supernatants showing
reverse transcriptase activity > 50,000 cpm/ml were pooled, centrifuged at
912g for 20 min (4 °C), clarified at 3,200g for 30 min (4 °C). The supernatant was then complemented with 10% of human serum AB0 and frozen
at –152 °C. Frozen vials (0.5 ml) were then tested to determine the tissue
culture infectious dose (TCID50) using CEMx174 cells, C8166 cells and
PBMCs from four naive macaques.
To determine the MID50, the viral stock was titered in eight monkeys by
intravenous inoculum of serial virus dilutions (5 × 10–1 to 5 × 10–6). Infection
was monitored by antibody response, plasma antigenemia and viremia,
virus isolation, proviral DNA and CD4 T-cell counts. All these parameters
were in the same range of those published47 and those from six monkeys inoculated in our lab with the original virus stock from rhesus macaques. The
MID50 was then calculated according to Reed and Muench.
Quantitation of the SHIV RNA copies in plasma. The quantitation of
plasma SHIV-89.6P RNA copies was done by the Chiron Corporation in the
Chiron Diagnostics Reference Testing Laboratory (Amsterdam, the
Netherlands) with a branched DNA signal amplification assay recognizing
the pol region of the SIVmac strains as described57. The cut-off value was
1,500 RNA copies/ml; however, values less than 3,000 RNA copies/ml were
not always reproducible.
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Quantitation of SIV proviral copies. DNA was extracted from whole blood
(QIAamp Blood Kit; Qiagen) and tested for amplification of the β-globin
gene as described58. To determine the number of SIV proviral copies, semiquantitative DNA PCR was done to amplify a 496-bp region of the gag gene
of SIVmac251 with primers and methodologies described8.
Virus isolation and cell associated viral load (cytoviremia). For virus isolation, CD8+ T cell-depleted PBMCs (3 × 106) were co-cultured with 1 × 106
CEM × 174 cells in the presence of PHA (2 µg/ml) for 2–3 d and cultured for
30–40 d in RPMI 1640 containing 10% FCS, antibiotics and rhIL-2 (50
IU/ml). The titer of p27 SIV-Gag antigen was determined twice a week.
For cytoviremia, serial twofold dilutions of CD8-depleted PBMCs (1× 106
to 4.8 × 102 cells/well, in duplicate), were co-cultured with CEMx174 cells
(1 × 104 cells/well) and assessed for the presence of p27 antigen production
on day 12. The 50% endpoints were calculated with the method of Reed
and Muench, and results are expressed as the number of infected cells per 1
× 106 PBMCs.
Determination of antibodies against HIV-2/SIV and HIV-1 Env in plasma
and in vitro antibody production. Antibody titers against SIV were determined by end-point dilution using an HIV-2 ELISA assay (Elavia, Ac- Ab-Ak II
kit; Diagnostic Pasteur, Paris, France). Antibodies against HIV-1 Env in
plasma were determined by HIV-1 Elisa assay (HIV-1/HIV-2 Third
Generation Plus; Abbott, Chicago Illinois).
For the in vitro antibody production assay, 2 × 106 PBMCs/well were
seeded onto a 24-well culture plate with 2 µg/ml of PWM (Sigma) (ref. 59)
and incubated for 7 d. Supernatants were then collected, centrifuged
(3,200g for 10 min) and tested for HIV-1 Env antibodies.
Detection of p27 ‘antigenemia’. Levels of p27 SIV-Gag protein were measured in plasma by using an antigen capture ELISA assay (Innotest,
Innogenetics, Zwijndrecht, Belgium) with a limit of detection of 20 pg/ml.
CD4+ and CD8+ T-cell counts. Citrated peripheral blood (80–100 µl) was
stained with phycoerythrin (PE)-conjugated monoclonal antibodies against
CD4 (Biosource, Camarillo, California) and with peridinin chlorophyll protein (PerCP)-conjugated monoclonal antibodies against CD8 (BectonDickinson, Mountain View, California) and analyzed with a FACScan
cytometer and software (Becton-Dickinson, Mountain View, California) as
described8. Isotype-matched PE- and PerCP-labeled antibodies were the
negative controls. Absolute cell numbers were calculated from the blood
cell counts.
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