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Intramuscular immunization of mice with plasmids encoding two transdominant negative mutants of the HIV-1 Tat protein (Tat22

and Tat22/37) elicited a humoral response to wild-type Tat that is comparable to that induced by inoculation of wild-typetat DNA
or Tat protein. The percentage of the responders and the Ab titers continued to increase after three additional DNA boosts and
pretreatment with bupivacaine at the site of inoculation, without a significant difference (p > 0.05) among the three groups of mice
immunized with mutant and wild-type tat genes. By utilizing synthetic peptides representing the amino acid sequence of Tat, one
major B cell epitope was defined within the cysteine-rich domain of Tat. Anti-Tat IgG Abs directed against this epitope were found
in mice immunized with all tat DNA constructs, whereas different Tat epitopes were detected in mice immunized with the Tat
protein. Similarly, IgG2a was the predominant isotype in DNA-immunized mice, with both mutants and wild-typetat genes, as
compared with protein immunization, which induced mostly IgG1 and IgG3. Sera from most immunized mice neutralized the
effect of extracellular Tat in activating HIV-1 replication. A cellular response was also elicited as indicated by the proliferation of
splenocytes when stimulated with wild-type Tat. These results indicate that the wild-type Tat Ag is recognized by Abs and T cells
induced by DNA immunization with mutated tat genes, suggesting the possible use of these Tat transdominant mutants, lacking
viral trans activation activity and capable of blocking wild-type Tat activity, in the development of an anti-HIV-1 vaccine. The
Journal of Immunology,1999, 162: 5631–5638.

Several studies in HIV-1-infected patients and in nonhuman
primates vaccinated with live attenuated viruses suggest
that the presence of an early and broad immune response,

both cellular and humoral, against the structural and nonstructural
proteins of HIV-1 inversely correlates with progression to AIDS
(1–8). Genetic immunization through inoculation of specific viral
genes (9, 10) offers encouraging results for future vaccine trials
because the viral proteins can be expressed with MHC molecules
on the surface of the host cells. This mimics the use of a live
attenuated virus (11–15), without the risks of generating patho-
genic viruses, it can induce both arms of the immune system and
it may protect against infection (16, 17).

The HIV-1-regulatory proteins Tat and Rev, as well as the
accessory proteins Nef, Vif, Vpr, and Vpu, are considered at-
tractive targets for the development of a multicomponent vac-
cine against HIV-1 infection. These proteins are well conserved
among different isolates and thus may be less susceptible to

mutations, as compared with structural genes, leading to pro-
duction of escape virus variants (18, 19). In addition, they play
a critical role in virus gene expression and replication and in the
pathogenesis of AIDS and are immunogenic (1, 20 –22). Among
the regulatory genes,tat appears to be one of the most inter-
esting targets.

The Tat protein is synthesized early during infection, and it is
essential for virus replication (23). Tat is released by HIV-1-
infected cells in the absence of cell death both in vitro and in
vivo (24 –28). Extracellular Tat can be taken up by HIV-1-in-
fected cells, migrates to the nucleus, andtrans activates the
expression of the HIV-1 genome through autocrine and para-
crine loops (25, 28 –35). In addition, extracellular Tat induces
expression of the HIV-1 coreceptors on the target cells promot-
ing virus spreading (36, 37) and exerts several effects on dif-
ferent types of uninfected cells (38), thus contributing to the
pathogenesis of several AIDS-associated diseases including a
severe form of Kaposi’s sarcoma, the most frequent tumor aris-
ing in AIDS patients, and lymphoproliferative and neurological
disorders (24 –27, 39 – 45).

Tat is a 86–102-aa protein encoded by two exons. The first exon
is conserved among different viral isolates and contains four func-
tional domains including the amino-terminal (aa 1–21), the cys-
teine-rich (aa 22–37), the core (aa 38–48), and the basic (aa 49–
72) domains. The cysteine-rich region represents the Tattrans
activation domain. The basic region contains the nuclear localiza-
tion signals and the binding sequences to the Tat-responsive ele-
ment (23). In addition, the basic region and the RGD sequence of
the second exon are required for the interaction of extracellular Tat
with cell surface molecules (28, 32) and for Tat uptake by the
target cells.
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Abs against Tat functional domains as well as a CTL response
specific to Tat have been detected in humans (8, 46–48). Ab titers
and early CTL anti-Tat were shown to correlate with nonprogres-
sion to AIDS (8, 48, 49). In addition, in vitro studies have dem-
onstrated that anti-Tat Abs neutralize the activity of extracellular
Tat on HIV-1 replication, cell functions, angiogenesis, tumor pro-
motion, and formation of metastases (24–26, 48, 50, 51). Alto-
gether these observations suggest that the induction of humoral
and cellular immune responses against Tat would likely induce, in
addition to a prophylactic effect, an immunotherapeutic activity in
HIV-1-infected patients, possibly extending the asymptomatic pe-
riod of the disease.

The ability of the wild-typetat gene, as well as of the Tat pro-
tein, to evoke a broad immune response has been recently shown
in mice (52, 53) and in humans (54, 55). However, the long term
effects of the constitutive expression of a viral gene following ge-
netic immunization are presently unknown. Therefore, in view of
the possible use of thetat gene as a component of an anti-HIV-1
vaccine (prophylactic and/or therapeutic) and considering the pos-
sibility that the long term expression and release of wild-type Tat
in vivo may determine reactivation of HIV-1 infection and other
pathogenic effects in seropositive individuals, we have investi-
gated twotat genes mutated in thetrans activation domain (tat22

andtat22/37) as to their capability of eliciting an immune response
against the wild-type Tat protein in the mouse model. Thetat22 and
tat22/37 genes were chosen because they lack HIV-1trans activa-
tion activity and display a transdominant negative phenotype (56,
57). Therefore, the mutated protein products can also block the
trans-activating activity of wild-type Tat protein which is pro-
duced in infected individuals.

Materials and Methods
DNA immunogens

The pC vector containing the hCMV IE3 promoter was derived from the
plasmid pGEM7Zf(2) (Promega, Madison, WI). The 825-bp fragment,
containing the hCMV IE promoter, was obtained byBamHI-ClaI digestion
of the LNCX vector (58) and cloned into theBamHI-ClaI sites of
pGEM7Zf(2). Plasmids pC-tat, pC-tat22, and pC-tat22/37were constructed
following insertion of the HIV-1tat, tat22 (Cys22 to Gly), and tat22/37

(Cys22 to Gly, Cys37 to Ser) cDNAs into the pC vector. Briefly, theSalI-
SmaI fragments of 360 bp containing the full-length cDNAs of HIV-1
(HXBC2 clone) tat, tat22, or tat22/37 were derived from the plasmids
pTZ18U-tat, -tat22 or -tat22/37previously described (56), filled in with Kle-
now enzyme, and inserted into theSmaI site of the polylinker region down-
stream to the hCMV promoter in the pC vector. The orientation of the
cDNAs was determined following digestion withBamHI which cuts at
nucleotide 356 in theSalI-SmaI fragments containing thetat genes. The
reporter plasmid pU3RCAT, where expression of the CAT gene is driven
by the HIV-1 LTR promoter, has been previously described (56). Plasmid
DNAs were purified on CsCl gradients, according to standard procedures
(59), and resuspended in sterile PBS, without calcium and magnesium.

Cell cultures and transfections

Jurkat T cells were grown in RPMI 1640 (Life Technologies, Grand Island,
NY) containing 10% heat-inactivated FBS (Life Technologies). Monolayer
cultures of murine BALB/c 3T3 fibroblasts were grown in DMEM (Life
Technologies) supplemented with 10% heat-inactivated FBS. The Super-
fect reagent provided by Qiagen (Hilden, Germany) was used for transient
transfection of 53 105 BALB/c 3T3 fibroblasts, according to the manu-
facturer’s instructions. Cells were transfected with the pU3RCAT plasmid
(1 mg) alone or in combination with pC-tat (1 mg). To assay for function-
ality of the tat mutant vectors, cells were cotransfected with pU3RCAT
(1 mg), pC-tat (1 mg), and pC-tat22 (10 mg) or pC-tat22/37 (10 mg) vectors.
The DEAE-dextran technique was used for transient transfections of 107

Jurkat cells (59). CAT activity was measured 48 h after transfection with
amounts of cell extracts normalized to total protein content (59).

DNA immunization

Six-week-old female BALB/c mice (Nossan, Milan, Italy) were immunized
with the plasmids, containing thetat22 or the tat22/37 gene. Animals were
then tested for the development of humoral and cellular responses to wild-
type Tat protein. Control animals included mice injected with the pC-tat or
the empty vector pC. Each experimental group contained 10 animals. The
dose of 100mg of plasmid DNA in 100ml was given to each mouse by
bilateral i.m. injections in the quadriceps muscles of the posterior legs (day
0). The same dose of DNA was administered at days 15 and 30. Two blood
samplings were taken at days 45 and 75 (bleedings 1 and 2), respectively.
Mice were boosted three more times (at days 90, 120, and 150) with 50
mg/50ml/animal of the plasmids injected i.m. in the quadriceps muscle of
the right posterior leg. One week before the last two DNA immunizations,
100 ml of 0.5% bupivacaine hydrochloride (Sigma, St. Louis, MI) in iso-
tonic NaCl were administered i.m. into the site of DNA inoculation. Blood
drawings were taken 2 wk after each DNA injection at days 105, 135, and
165 (bleedings 3–5), respectively. Blood samples were withdrawn by en-
docardiac puncture from mice anesthetized with a mixture containing 30ml
of Ketavet-100 (Gellini Farmaceutici, Aprilia, Italy), 30ml of Rompun
(Bayer, Milan, Italy), and 30ml of isotonic solution. Sera were prepared by
centrifugation of coagulated blood at 8000 rpm for 5 min and stored at
270°C.

Tat protein expression and purification

The Tat protein was expressed inEscherichia coliand isolated by succes-
sive rounds of high pressure chromatography and ion-exchange chroma-
tography as previously described (25, 28). The purified Tat protein is
.95% pure as tested by SDS-PAGE and has full biological activity as
tested by the rescue assay described below. The Tat protein was stored
lyophilized at270°C and resuspended in degassed PBS containing 0.1%
BSA and 0.1 mM DTT before use. The plasticware was previously rinsed
in PBS-BSA buffer for each procedure involving the use of Tat.

Tat protein immunization

Two 8-wk-old female BALB/c mice were immunized i.p. with wild-type
Tat protein (10mg/mouse) that was mixed with an equal volume of CFA
(Sigma). Ten days later, each animal was boosted with 5mg of protein
mixed with an equal volume of in CFA. Two control mice were given the
adjuvant alone. Ten days after the second immunization, the animals were
sacrificed to collect blood and spleens.

Anti-Tat serology

The presence of anti-Tat-specific IgG in the sera of the vaccinated animals
was determined by ELISA. The Ag was a recombinant maltose-binding
protein (MBP) fused to Tat (MBP-Tat). The MBP-Tat fusion protein was
expressed inE. coli by means of the pMal-c2 expression vector (New
England Biolabs, Beverly, MA), containing the full-length wild-type
HIV-1 (HXBC2) tat cDNA, and purified according to manufacturer’s in-
structions. The purity and integrity of MBP-Tat was controlled by SDS-
PAGE followed by Coomassie blue staining. In the fusion protein, Tat
corresponds to;25% of the total protein. Control Ag represented by MBP
alone was also used. The concentration of Ags were 5mg/ml for MBP-Tat
and 3mg/ml for MBP diluted in 0.1 M carbonate buffer (pH 9.6). Ninety-
six-well immunoplates (Nunc, Naperville, IL) were coated with 100ml/
well of each Ag, sealed, and incubated for 16 h at 4°C. Plates were washed
three times with PBS (pH 7.4) containing 0.05% Tween 20 (Sigma). Sera
were diluted in carbonate buffer and tested in duplicate. Fifty-microliter
aliquots were added to each well and incubated for 90 min at 37°C. Plates
were washed three times with PBS/Tween 20 buffer before addition of 100
ml of horseradish peroxidase-labeled goat anti-mouse IgG (Bio-Rad, Rich-
mond, CA) diluted 1/1000 in PBS without calcium and magnesium and
containing 0.1% Tween 20 and 1% BSA, and incubated for 90 min at room
temperature. Following three washes with PBS/Tween 20, 100ml of ABTS
substrate (Boehringer Mannheim, Mannheim, Germany) were added for 45
min at room temperature. The absorbance was measured at 405 nm. The
cutoff value for DNA and protein immunization corresponds to the mean
absorbance value (12 SD) of all the control sera derived from animals
immunized with the empty pC vector or the adjuvant alone. Absorbance
values higher than the cutoff were considered positive.

3 Abbreviations used in this paper: hCMV IE, human cytomegalovirus immediate
early promoter; CAT, chloramphenicol acetyltransferase; SI, stimulation index; LTR,
long terminal repeat; MBP, maltose-binding protein.
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Epitope mapping of anti-Tat Abs and Ab isotyping

For epitope mapping, eight synthetic peptides (synthesized at the Depart-
ment of Pharmaceutical Science, University of Ferrara, Ferrara, Italy), rep-
resenting different regions of Tat, were used at the concentration of 10mg/ml.
After coating with 100ml/well, plates were blocked with 100ml/well of PBS
with 3% BSA for 2 h at37°C, washed three times, and incubated with 50
ml/well of each serum, diluted in PBS with 3% BSA. The assays were then
performed as described above.

For isotyping, plates were coated with MBP-Tat and incubated with the
mice sera as described above. After washing, 100ml of goat anti-mouse
IgG1, IgG2, IgG2a, IgG2b, or IgG3 (Sigma) were added to the wells and
incubated for 90 min at room temperature. Immunocomplexes were de-
tected with a horseradish peroxidase-labeled rabbit anti-goat (Sigma) and
ABTS substrate as described above.

Neutralization assays

For neutralization assays, HLM1 cells, a HeLa-CD41 cell line containing
an integrated copy of atat-defective provirus, were seeded in 24-well
plates at a density of 63 105 cells/well in DMEM supplemented with 10%
inactivated FBS. After 24 h, cells were washed with PBS, and Tat protein
(30 ng/ml) was added alone or after prior incubation with an equal volume
of the mouse serum, as previously described (25, 28). After 48 h, the rescue
of HIV-1 replication was monitored in the culture supernatants by using a
p24 Ag capture assay (NEN-DuPont, Stevenage, U.K.).

Tat-specific T cell proliferation

Mononuclear cells were purified from spleens of sacrificed animals by
Ficoll-Histopaque 1083 (Sigma) density gradients, washed twice with PBS,
and resuspended at 23 106/ml in RPMI 1640 supplemented with 10%
heat-inactivated FBS. Cells were counted by trypan blue exclusion dye and
cultured at 23 105/well in 200 ml in the presence of affinity-purified Tat
protein (0.1, 1, or 5mg/ml) or Con A (10mg/ml, Sigma) for 5 days.
[methyl-3H]Thymidine (2.0 Ci/mmol, NEN-DuPont) was added to each
well (0.5 mCi), and cells were incubated for 16 h. [3H]Thymidine incor-
poration was measured with ab-counter. The SI was calculated by dividing
the mean counts/min of six wells of Ag-stimulated cells by the mean
counts/min of six wells of the same cells grown in the absence of the Ag.
A value.2.3-fold SI that corresponds to the mean SI of the control mice
immunized with the pC vector (12 SD) was considered positive.

Statistical analysis

Student’st andx2 tests were performed as described (60).

Results
Vectors containing the full-length cDNA of the HIV-1 wild-type
tat gene (pC-tat) or the two tat transdominant negative mutants
pC-tat22 and pC-tat22/37 under the transcriptional control of the
hCMV IE promoter were constructed as described inMaterials
and Methods. As shown in Fig. 1A, pC-tat expressed a functional
Tat protein after transfection into murine BALB/c 3T3 fibroblasts,
as detected by the activation of the reporter plasmid pU3RCAT,
where expression of the CAT gene is driven by the HIV-1 LTR
(Fig. 1A, lane 1). Similarly, the plasmids pC-tat22 and pC-tat22/37

expressed transdominant negative mutants capable of competing
wild-type Tat activity on the HIV-1 LTR-CAT vector after trans-
fection of pC-tat with a 10-fold molar excess of each mutant plas-
mid (Fig. 1A, lanes 2and 3). Similar results were obtained in
human Jurkat T cell lines (data not shown).

To determine whethertat22 andtat22/37genes can elicit specific
humoral and cellular immune responses, mice were immunized
with each plasmid (Fig. 1B). Control mice were immunized with
pC-tat or the empty pC vectors. All animals in each group were
injected three times (days 0, 15, and 30) with 100mg of each
plasmid DNA. Two weeks after the third immunization (day 45),
a humoral response to wild-type Tat was detected in 20 and 30%
of mice injected with pC-tat22 or pC-tat22/37, respectively, as well
as in 60% of control animals vaccinated with pC-tat. However, a
slight decrease in the percentage of positive animals was observed
in almost all groups 4 wk later (day 75) (Table I). There was no
significant difference (p . 0.05) between the percentage of posi-
tive animals in the groups immunized withtat mutants and wild-
type tat. All mice were then boosted three more times with 50mg
of the plasmid DNAs (days 90, 120, and 150). In addition, since

FIGURE 1. A, Functional analysis of wild-
type and mutated tat expression vectors.
BALB/c 3T3 cells were cotransfected with pC-
tat (1 mg) and the reporter plasmid pU3RCAT (1
mg) alone (lane 1) or in the presence of pC-tat22

(10 mg) (lane 2) or pC-tat22/37 (10 mg) (lane 3).
In lanes 2and3, 84% and 60% reduction of Tat
trans activation activity on HIV-1 LTR-CAT
was induced bytat22 and tat22/37 gene products,
respectively, as compared with HIV-1 LTR-
CAT trans activation induced by pC-tat alone
(lane 1) that was given a 100% value.B, Sche-
matic representation of the immunization sched-
ule. Boosts 5° and 6° were preceded by bupiva-
caine (B) treatment. At the fifth bleeding, mice
were sacrificed, and the spleens were collected
for analysis of the cell-mediated immune
response.
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bupivacaine has been shown to increase the uptake of DNA from
muscle cells and enhance the response to DNA immunization (16),
1 wk before the last two immunizations the animals were given
bupivacaine at the site of inoculation. Following these additional
boosts and the bupivacaine treatment, the percentage of responder
animals increased to 100% in the group immunized with pC-tat22

as well as in the control mice receiving pC-tat, and to 85% in the
group boosted with pC-tat22/37 (bleeding 5 at day 165) (Table I).
Ab titers increased from a mean value of 1/50, detected at the first
bleeding, up to 1/200–1/3200 at the fifth bleeding (Table II). All
anti-Tat-positive sera did not bind the bacterial MBP Ag alone,
confirming that the reactivity to MBP-Tat used as Ag was specific
to Tat (Table II). To compare the results of DNA immunization
with protein immunization, two mice were immunized with the Tat
protein. They were injected twice (days 0 and 10) with the Ag and
sacrificed 10 days after the second immunization. In both animals,
anti-Tat-specific Abs were detected with titers of 1/6400 (Table II).

The epitope reactivity of the sera was analyzed by using eight
synthetic peptides representing different amino acid sequences of
Tat. The epitope reactivity of the Abs was broad with one major
epitopic site mapped at residues 21–40 in mice immunized with all
tat constructs (Fig. 2A). A second reactive epitope was identified at
residues 73–86 in sera of pC-tat22 and pC-tat immunized animals,
and at amino acids 52–72 in pC-tat22/37-immunized mice (Fig.
2A). Epitopic sites mapping at amino acids 1–20 and 21–40 were
instead recognized by mice injected with the Tat protein (Fig. 2B).
The isotype analysis of the IgG subclasses indicated a prevalence
of IgG2a in mice vaccinated with both the mutated and the wild-
type tat genes (Fig. 3), whereas IgG1 and IgG3 isotypes were
detected in animals immunized with the Tat protein (data not
shown).

The ability of the murine sera to block HIV-1 replication in-
duced by extracellular Tat was then evaluated in HLM1 cells that
contain an integrated copy of an HIV-1tat-defective provirus the
replication of which is activated by the addition of exogenous pro-
tein. To this purpose, cells were incubated with wild-type Tat in
the presence of the animal sera, and virus rescue was measured
48 h later by determining the p24 Ag released in the culture su-
pernatants. The results of these experiments showed that anti-Tat
Abs of mice immunized with pC-tat22 and pC-tat22/37reduced ex-
tracellular Tat activity, resulting in average decreases of 22.4 and
38%, respectively, of Tat-induced HIV replication. A similar neu-
tralization activity (p . 0.05) was exhibited by sera of mice im-
munized with pC-tat with an average inhibition of 49%. Animals
immunized with the Tat protein almost completely prevented the

rescue of Tat-induced HIV replication with an average inhibition
of 85% (Table II).

A proliferative response to Tat was evaluated on animals
splenocytes in the presence of Tat. A specific response was exhib-
ited by animals inoculated with pC-tat22 or pC-tat22/37plasmids, as
well as by the control mice treated with pC-tat DNA or the Tat
protein (Table III). Splenocytes from several mice responded to as

Table I. Humoral immune response to wild-type Tat protein after DNA immunization with wild-type or mutatedtat genesa

Plasmid

Bleedings

1 2 3 4 5

pC 0/9 0/7 0/4 0/5 0/4
(0.176 0.05) (0.136 0.06) (0.266 0.02) (0.246 0.03) (0.136 0.02)

pC-tat 6/10 3/9 7/9 7/8 8/8
(0.336 0.02) (0.306 0.002) (0.526 0.20) (1.016 0.80) (0.696 0.41)

pC-tat22 2/10 1/8 5/7 5/7 7/7
(1.006 0.70) (1.546 0.0) (0.566 0.20) (1.096 0.70) (1.106 0.88)

pC-tat22/37 3/10 4/10 5/8 5/7 6/7
(0.486 0.09) (0.666 0.50) (0.426 0.09) (0.596 0.30) (0.656 0.77)

a Results are expressed as the number of responder animals vs the total immunized mice. The Ab response was assayed on murine sera (diluted 1/25)
by ELISA using MBP-Tat as the Ag. In each group of mice immunized with wild-type or mutatedtat genes, mean OD405 nmvalues6 SD of the responders
(positive sera) are reported in parentheses; values that were below the cutoff were not included in the mean. In the control group receiving the pC plasmid,
mean OD405 nmvalues6 SD of all animals are reported in parentheses. Cutoff values are represented by the mean OD405 nmvalue plus 2 SD of the control
group and corresponded to 0.27, 0.25, 0.30, 0.30, and 0.17 from blood drawings 1 to 5, respectively. The loss of animals from the first blood drawing
to the fifth was the result of their accidental death caused by the endocardiac puncture. From the estimate ofx2, the percentage of responders in the group
of mice injected with pC-tat22 or pC-tat22/37 is not significantly different from that of mice immunized with pC-tat (p . 0.05).

Table II. Ab response to HIV-1 wild-type Tat protein

Immunogen
No. of
Mice MBP-Tata MBPa

% Neutralizing
Activityc

pC 2 0.112 0.081 0
3 0.144 0.054 0
6 0.160 0.065 0
8 0.137 0.031 0

pC-tat 11 0.347 (1/200)b 0.083 ND
12 1.066 (1/400) 0.098 ND
13 0.460 (1/200) 0.068 54
15 0.503 (1/200) 0.080 ND
16 0.208 (1/100) 0.054 ND
17 0.988 (1/400) 0.044 0
19 1.427 (1/400) 0.102 61
20 0.510 (1/400) 0.065 81

pC-tat22 21 3.0 (1/3200) 0.225 47
22 0.703 (1/400) 0.095 34
23 0.658 (1/400) 0.087 0
24 0.701 (1/400) 0.065 31
25 0.744 (1/400) 0.086 ND
27 0.473 (1/200) 0.055 0
28 1.426 (1/1600) 0.120 ND

pC-tat22/37 33 0.147 0.038 ND
34 2.370 (1/3200) 0.200 45
35 0.193 (1/100) 0.056 ND
36 0.696 (1/200) 0.073 69
37 0.452 (1/200) 0.048 0
38 0.295 (1/200) 0.052 ND
40 0.378 (1/200) 0.061 ND

Tat protein T1 2.459 (1/6400) 0.105 93
T2 2.611 (1/6400) 0.098 78

a Animal sera (fifth blood drawing, 1/25) were assayed by ELISA, using MBP-Tat
or MBP as the Ag. The cutoff values were 0.17 and 0.090 for MBP-Tat and MBP,
respectively. Results are expressed as OD405 nm.

b In parentheses are listed the end point ELISA titers.
c Murine sera were tested for their capability to neutralize the rescue of an HIV-1

tat-defective provirus induced by extracellular wild-type Tat. Values represent the
percentage of inhibition of extracellular wild-type Tat activity relative to the mean
value of HIV-1 rescue obtained with Tat that was preincubated in the presence of pC
control murine sera, which was given a 100% value. From estimate of Student’st test,
the difference in neutralization activity values exhibited by anti-Tat Abs of mice
immunized with mutated or wild-typetat DNA is not significant (p . 0.05).
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little as 0.1mg/ml recombinant Tat (data not shown); however, the
highest responses were seen after stimulation with 1 and 5mg/ml
of Tat. Although the highest frequency (87%) of animals showing
a proliferative responses to Tat was observed in the group of mice
immunized with wild-typetat DNA, a similar (p . 0.05) T cell
response specific to Tat was elicited, in the same range of SI, in 50
and 71% of mice immunized with thetat22 and tat22/37 plasmids,
respectively (Table III).

Discussion
Previous studies indicated that the control of viral replication at the
onset of the HIV-1 infection is likely to have a dramatic impact on
disease progression in an infected individual (3–8, 61). Tat is re-
leased early after infection and plays a key role in the beginning of
HIV-1 replication, in virus spreading, and in AIDS pathogenesis.
In addition, Tat is conserved among virus isolates; therefore, it
represents an important candidate for the development of a vaccine
against HIV (62, 63). DNA vaccination with wild-typetat was
recently shown to induce humoral and cellular immune responses
in mice and in humans (52–55).

In the current study, we have considered that constitutive ex-
pression of thetat gene following genetic immunization may in-
duce HIV-1 replication and eventually exerts pathogenic effects

when administered to humans. Thus, we have elicited and ana-
lyzed the immune response toward the wild-type Tat protein that is
evoked bytat22 andtat22/37genes. These genes are mutated in the
trans activation domain of Tat and therefore lack Tat activity. In
addition, they block the effect of wild-type Tat on the HIV-1 LTR.

Our results demonstrate that thesetat mutant genes induce hu-
moral and cellular immune responses specific to the wild-type Ag.
The humoral response was readily detected after the third immu-
nization with each gene. The mean titers and the number of re-
sponder mice increased following three additional boosts and treat-
ment with bupivacaine that was previously shown to facilitate the
uptake of plasmid DNA by the muscle tissue (16). The Ab titers,
the IgG isotypes, the Tat epitopes recognized by the Abs, the ca-
pability of animal sera to neutralize the rescue of HIV-1 replication
by exogenous Tat, and the T-cell proliferative responses were
comparable (p . 0.05) in the three groups of mice immunized
with the mutant or the wild-typetat genes. In addition, after vac-
cination with thetat genes, Abs reacted with a broad spectrum of
linear Tat epitopes, mapping at residues 21–40, 52–72, and 73–86,
and the prevalence of IgG2a subclass was suggestive of a Th1
profile.

A broad immune response, both humoral and cellular, was also
detected after protein immunization. In these animals, however,

FIGURE 2. Epitope mapping of anti-Tat Abs from immunized animals.A, DNA-immunized mice. The results are expressed as the percentage of
responder animals on the total vaccinated animals. Cumulative values are shown.B, Tat protein-immunized mice. The results are expressed as the mean
OD405 nmof the two immunized animals. Cutoff values, corresponding to the mean OD405 nmvalue plus 2 SD of the controls, were 0.012, 0.020, 0.076,
0.054, 0.019, 0.047, 0.056, and 0.033 for each peptide, respectively.
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anti-Tat Ab titers were higher, and consequently the rescue of Tat-
induced HIV-1 replication was blocked more effectively than by
sera from DNA-immunized mice. Finally, in these mice the
epitope reactivities were more restricted, and the presence of IgG1
and IgG3 isotypes was suggestive of a Th2-like response. These
differences between genetic vs protein immunization withtat may
be explained by a diverse conformation of the native Tat protein
expressed in vivo, as compared with the exogenous recombinant
protein injected into the animal. Indeed, because of its high content
in cysteine residues, the Tat protein is very labile when exposed to
air and light, and it is sensitive to temperature (28). In addition,
Ags produced by plasmid DNA administered i.m. might be pre-
sented less efficiently to the immune system by MHC class I mol-
ecules on myocytes, whereas a soluble Ag injected by the i.p. route
may be readily presented to T cells in the spleen or in the local
lymph nodes. Another reason for the differences observed is that
most of the Tat molecules, released by the injected myocytes, may
be locally retained and hardly reach the immune compartment.

The results of this study demonstrate that both arms of the im-
mune system can be primed bytat22 andtat22/37genes that induce
a broad response specific to the wild-type Tat protein and similar
to that elicited by the wild-typetat DNA. These results show that
genetic vaccination withtat22 and tat22/37 induces a Th1-like re-
sponse similarly to that found with wild-typetat, by us in this
study and by others previously (53). The data presented also in-
dicate that neutralizing anti-Tat Abs raised bytat-mutated genes
can block the effect of the extracellular Tat protein on virus rep-
lication. These results are encouraging for the development of an
anti-HIV-1 vaccine based on Tat. In fact, Tat-neutralizing Abs
may control virus replication and the spreading of infection (8,
48–50). In addition, a Th1 response may be the most effective in
controlling the progression of HIV-1 infection to AIDS (64–67).

Several questions, however, remain to be settled and repre-
sent the matter for further studies. For instance, the cysteine
substitutions intat22 and tat22/37 gene mutants fall just within
the aa 21– 40 epitope which is immunodominant in DNA im-
munization and in HIV-1 natural infection (22, 46, 47). It would
be interesting, therefore, to compare the immune response to the
Tat protein and to Tat 21– 40 peptide mutated in the same cys-
teine residues, although the results may not be directly compa-
rable because the immunodominant epitope in protein immuni-
zation is at aa 1–20. Also, it is not clear at present whether a
genetic or a protein immunization to Tat would be more pro-
tective in natural HIV-1 infection. From the results of this

study, a DNA immunization seems to be preferable, due to the
presence of a cellular response with the characteristics of a Th1
reaction. Moreover, it would be now of great interest to perform
an alternate prime-and-boost experiment, where mice will be
primed with eithertat DNA or Tat protein and then boosted
with the other. In this study, we have intentionally avoided
boosting with the Tat protein the animals immunized with the
tat genes, because our aim was to characterize the response of
mice to a puretat DNA immunization. Comparing the results of
these experiments to the results obtained by immunization with

FIGURE 3. Isotype analysis of anti-Tat IgG
from DNA-immunized mice. Results are ex-
pressed for each IgG subclass as the cumulative
percentage of the responders on the total animals
immunized with wild-type and mutatedtat
genes.

Table III. Lymphoproliferative response to wild-type Tat protein

Immunogen No. of Mice

Tata

Con Aa1 mg/ml 5 mg/ml

pC 2 1.5 2 24
3 1.2 1.7 88
6 1.3 1.5 23
8 2 2.1 20

pC-tat 11 2.5 4.7 14
12 2.8 4.0 45
13 1.4 1.6 20
15 2.2 3.2 12.5
16 1.9 2.7 45
17 14 21 98
19 13 12 276
20 1.8 3.9 28

pC-tat22 21 1.2 2.6 28
22 ND ND ND
23 1.2 1.8 20
24 3.1 6.9 28
25 3.5 8.0 24
27 1.3 2.3 17.8
28 1.0 1.7 12.7

pC-tat22/37 33 1.0 1.9 28
34 2.0 1.7 28
35 2.3 7.3 47
36 6.3 30 133
37 3.5 8.5 47
38 1.8 3.8 17
40 4.4 19 123

Tat protein T1 2.5 4 9.7
T2 2.7 6.9 4.5

a Cells were stimulated with affinity-purified recombinant Tat protein or Con A.
Values represent the SI of murine splenocytes after wild-type Tat or Con A activation.
A SI higher than 2.3 was considered positive. From estimate ofx2, the difference in
the percentage of responder mice immunized with mutated or wild-typetat DNA is
not significant (p . 0.05).
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only tat DNA or Tat protein would provide useful information
and suggestions to establish an effective program for Tat im-
munization (genetic and/or protein) in natural HIV-1 infection.
In addition, the extension of these studies to the animal model
of nonhuman primates which are susceptible to virus infection
will determine the effect of vaccination with Tat on protection
from infection and from disease progression.

Acknowledgments
We thank R. Guerrini (Department of Pharmaceutical Science, University
of Ferrara) for Tat peptide synthesis; R. Baricordi (Department of Exper-
imental and Diagnostic Medicine, University of Ferrara) and Cecilia Sga-
dari (Laboratory of Virology, Istituto Superiore di Sanita`, Rome) for help-
ful discussion; and I. Mantovani, I. Pivanti, A. Bevilacqua, and P. Zucchini
(Department of Experimental and Diagnostic Medicine, University of Fer-
rara) for technical assistance.

References
1. Reiss, P., J. M. A. Lange, A. De Ronde, F. De Wolf, J. Dekker, C. Debouk, and

J. Goudsmith. 1990. Speed of progression to AIDS and degree of antibody re-
sponse to accessory gene products of HIV-1.J. Med. Virol. 30:163.

2. Venet, A., I. Bourgault, A. M. Aubertin, M. P. Kieny, and J. P. Levy. 1992.
Cytotoxic T lymphocytes response against multiple simian immunodeficiency
virus (SIV) proteins in SIV-infected macaques.J. Immunol. 148:2899.

3. Baltimore, D. 1995. Lessons from people with nonprogressive HIV infection.
N. Engl. J. Med. 332:259.

4. Rinaldo, C., X. L. Huang, Z. F. Fan, M. Ding, L. Beltz, D. Panicali, A. Logar,
G. Mazzara, J. Liebman, M. Cottrill, and P. Gupta. 1995. High levels of anti-
human immunodeficiency virus type 1 (HIV-1) memory cytotoxic T-lymphocyte
activity and low viral load are associated with lack of disease in HIV-1 infected
long-term non-progressors.J. Virol. 69:5838.

5. Cao, Y., L. Qin, L. Zhang, J. Safrit, and D. D. Ho. 1995. Virologic and immu-
nologic characterization of long-term survivors of human immunodeficiency vi-
rus type 1 infection.N. Engl. J. Med. 332:201.

6. Rowland-Jones, S., J. Sutton, K. Ariyoshi, T. Dong, F. Gotch, S. McAdam,
D. Whitby, S. Sabally, A. Gallimore, T. Corrah, M. Takiguchi, T. Schultz,
A. McMichael, and H. Whittle. 1995. HIV-specific cytotoxic T-cells in HIV-
exposed but uninfected Gambian women.Nat. Med. 1:59.

7. Haynes, B. F., G. Pantaleo, and A. S. Fauci. 1996. Toward understanding of the
correlates of protective immunity to HIV infection.Science 271:324.

8. van Baalen, C. A., O. Pontesilli, R. C. Huisman, A. M. Geretti, M. R. Klein,
F. de Wolf, F. Miedema, R. A. Gfruters, and D. M. E. Osterhaus. 1997. Human
immunodeficiency virus type 1 Rev- and Tat-specific cytotoxic T lymphocyte
frequencies inversely correlate with rapid progression to AIDS.J. Gen. Virol.
78:1913.

9. Boyer, J. D., K. E. Ugen, B. Wang, M. Agadjanyan, L. Gilbert, M. L. Bagarazzi,
M. Chatterggon, P. Frost, A. Javadian, W. V. Williams, Y. Refaeli,
R. B. Ciccarelli, D. McCallus, L. Coney, and D. B. Weiner. 1997. Protection of
chimpanzees from high-dose heterologous HIV-1 challenge by DNA vaccination.
Nat. Med. 3:526.

10. Barry, M. A., W. C. Lai, and S. A. Johnston. 1995. Protection againstMyco-
plasmainfection using expression-library immunization.Nature 377:632.

11. Marthas, M. L., S. Sutjipto, J. Higgins, B. Lohman, J. Torten, P. A. Luciw,
P. A. Marx, and N. C. Pedersen. 1990. Immunization with a live, attenuated
simian immunodeficiency virus (SIV) prevents early disease but not infection in
rhesus macaques challenged with pathogenic SIV.J. Virol. 64:3694.

12. Puktonen, P., R. Thorstensson, J. Albert, K. Hild, E. Norrby, P. Biberfeld, and
G. Biberfeld. 1990. Infection of cynomolgus monkeys with HIV-2 protects
against pathogenic consequences of a subsequent simian immunodeficiency virus
infection.AIDS 4:783.

13. Daniel, M. D., F. Kirdhhoff, P. K. Czajak, P. K. Sehgal, and R. C. Desrosiers.
1992. Protective effects of a live attenuated SIV vaccine with a deletion in thenef
gene.Science 258:1938.

14. Otsyula, M. G., C. J. Miller, A. F. Tarantal, M. L. Marthas, T. P. Greene,
J. R. Collins, K. K. A. van Rompay, and M. B. McChesney. 1996. Fetal or
neonatal infection with attenuated simian immunodeficiency virus results in pro-
tective immunity against oral challenge with pathogenic SIVmac251.Virology
222:275.

15. Miller, C. J., M. B. McChesney, X. Lu, P. J. Dailey, C. Chutkowski, D. Lu,
P. Brosio, B. Roberts, and Y. Lu. 1997. Rhesus macaques previously infected
with simian/human immunodeficiency virus are protected from vaginal challenge
with pathogenic SIVmac239.J. Virol. 71:1911.

16. Donnelly, J. J., J. B. Ulmer, J. W. Shiver, and M. A. Liu. 1997. DNA vaccines.
Annu. Rev. Immunol. 15:617.

17. Barry, M. A., and S. A. Johnston. 1997. Biological features of genetic immuni-
zation.Vaccine 15:788.

18. Borrow, P., H. Lewicki, X. Wei, M. S. Horwitz, N. Peffer, H. Meyers,
J. A. Nelson, J. E. Gairin, B. H. Hahn, M. B. A. Oldstone, G. M. Shaw. 1997.
Antiviral pressure exerted by HIV-1 specific cytotoxic T lymphocytes (CTLs)
during primary infection demonstrated by rapid selection of CTL escape virus.
Nat. Med. 3:205.

19. Fauci, A. S. 1996. An HIV vaccine: breaking the paradigms.Proc. Assoc. Am.
Physicians 108:6.

20. Trono, D. 1995. HIV accessory proteins: leading roles for the supporting cast.
Cell 82:189.

21. Lamhamedi-Cherradi, S., B. Culmann-Penciolelli, B. Guy, M. P. Kieny,
F. Dreyfus, A. G. Saimot, D. Sereni, D. Sicard, J. P. Levy, and E. Gomard. 1992.
Qualitative and quantitative analysis of human cytotoxic T-lymphocyte responses
to HIV-1 proteins.AIDS 6:1249.

22. Pilkington, G. R., L. Duan, M. Zhu, W. Keil, and R. J. Pomerantz. 1996. Re-
combinant human Fab antibody fragments to HIV-1 Rev and Tat regulatory pro-
teins: direct selection from a combinatorial phage display library.Mol. Immunol.
33:439.

23. Jones, K. A., and M. B. Peterlin. 1994. Control of RNA initiation and elongation
at the HIV-1 promoter.Annu. Rev. Biochem. 63:717.

24. Ensoli, B., G. Barillari, S. Z. Salahuddin, R. C. Gallo, and F. Wong-Staal, 1990.
Tat protein of HIV-1 stimulates growth of AIDS-Kaposi’s sarcoma-derived cells.
Nature 345:84.

25. Ensoli, B., L. Buonaguro, G. Barillari, V. Fiorelli, R. Gendelman, R. A. Morgan,
P. Wingfield, and R. C. Gallo. 1993. Release, uptake and effects of extracellular
human immunodeficiency virus type 1 Tat protein on cell growth and viraltrans
activation.J. Virol. 67:277.

26. Ensoli, B., R. Gendelman, P. Markham, V. Fiorelli, S. Colombini, M. Raffeld,
A. Cafaro, H. K. Chang, J. N. Brady, and R. C. Gallo. 1994. Synergy between
basic fibroblast growth factor and HIV-1 Tat protein in induction of Kaposi’s
sarcoma development.Nature 371:674.

27. Westendorp, M. O., R. Frank, C. Ochsenbauer, K. Stricker, J. Dhein, H. Walczac,
K. M. Debatin, and P. H. Krammer, 1995. Sensitization of T cells to CD95-
mediated apoptosis by HIV-1 Tat and gp120.Nature 375:497.

28. Chang, H.-C., F. Samaniego, B. C. Nair, L. Buonaguro, and B. Ensoli. 1997.
HIV-1 Tat protein exits from cells via a leaderless secretory pathway and binds
to extracellular matrix-associated heparan sulfate proteoglycans through its basic
region.AIDS 11:1421.

29. Frankel, A. D., and C. O. Pabo. 1988. Cellular uptake of the Tat protein from
human immunodeficiency virus.Cell 55:1189.

30. Helland, D. E., J. L. Welles, A. Caputo, and W. A. Haseltine. 1991. Transcellular
transactivation by the human immunodeficiency virus type 1 tat protein.J. Virol.
65:4547.

31. Zauli, G., M. La Placa, M. Vignoli, M. C. Re, D. Gibellini, D. Furlini, D. Milani,
M. Marchisio, M. Mazzoni, and S. Capitani. 1995. An autocrine loop of HIV type
1 Tat protein is responsible for the improved survival/proliferation capacity of
permanently tat-transfected cells and required for optimal human immunodefi-
ciency virus type 1 long terminal repeattrans activation activity.J. Acquir. Im-
mune Defic. Syndr. Hum. Retrovirol. 10:306.

32. Barillari, G., R. Gendelman, R. C. Gallo, and B. Ensoli. 1993. The Tat protein of
human immunodeficiency virus type 1, a growth factor for AIDS Kaposi’s sar-
coma and cytokine-activated vascular cells, induces adhesion of the same cell
types by using integrin receptors recognizing RGD amino acid sequence.Proc.
Natl. Acad. Sci. USA 90:7941.

33. Milani, D., M. Mazzoni, P. Borgatti, G. Zauli, L. Cantley, and S. Capitani. 1996.
Extracellular human immunodeficiency virus type 1 Tat protein activates phos-
phatidylinositol 3-kinase in PC12 neuronal cells.J. Biol. Chem. 271:22961.

34. Borgatti, P., G. Zauli, L. Cantley, and S. Capitani. 1998. Extracellular HIV-1 Tat
protein induces a rapid and selective activation of protein kinase C (PKC)-a, and
-e and -z isoforms in PC12 cells.Biochem. Biophys. Res. Commun. 242:332.

35. Gibellini, D., A. Bassini, S. Pierpaoli, L. Bertasolo, D. Milani, S. Capitani,
M. La Placa, and G. Zauli. 1998. Extracellular HIV-1 Tat protein induces the
rapid Ser133 phosphorylation and activation of CREB transcription factor in both
Jurkat lymphoblastoid T cells and primary peripheral blood mononuclear cells.
J. Immunol. 160:3891.

36. Li, C. J., Y. Ueda, B. Shi, L. Borodyansky, L. Huang, Y.-Z. Li, and A. B. Pardee.
1997. Tat protein induces self-perpetuating permissivity for productive HIV-1
infection.Proc. Natl. Acad. Sci. USA 94:8116.

37. Huang, L., I. Bosh, W. Hofmann, J. Sodroski, and A. B. Pardee. 1998. Tat protein
induces human immunodeficiency virus type 1 (HIV-1) coreceptors and promotes
infection with both macrophage-tropic and T-lymphotropic HIV-1 strains.J. Vi-
rol. 72:8952.

38. Zauli, G., D. Gibellini, D. Milani, M. Mazzoni, P. Borgatti, M. La Placa, and
S. Capitani. 1993. Human immunodeficiency virus type 1 Tat protein protects
lymphoid, epithelial and neuronal cell lines from death by apoptosis.Cancer Res.
53:4481.

39. Chang, H.-C., R. C. Gallo, and B. Ensoli. 1995. Regulation of cellular gene
expression and function by the human immunodeficency virus type 1 Tat protein.
J. Biomed. Sci. 2:189.

40. Caputo, A., M. P. Grossi, C. Rossi, D. Campioni, P. G. Balboni, A. Corallini, and
G. Barbanti-Brodano. 1995. Thetat gene and protein of the human immunode-
ficiency virus type 1.Microbiologica 18:87.

41. Chirmule, N., S. Than, S. A. Khan, and S. Pahwa. 1995. Human immunodefi-
ciency virus Tat induces functional unresponsiveness in T cells.J. Virol. 69:492.

42. Li, C. J., D. J. Friedman, C. Wang, V. Melev, and A. B. Pardee. 1995. Induction
of apoptosis in uninfected lymphocytes by HIV-1 Tat protein.Science 268:429.

43. Zauli, G., D. Gibellini, C. Celeghini, C. Mischiati, A. Bassini, M. La Placa, and
S. Capitani. 1996. Pleiotropic effects of immobilized versus soluble recombinant
HIV-1 Tat protein on CD3 mediated activation, induction of apoptosis and HIV-1
long terminal repeattransactivation in purified CD41 T lymphocytes.J. Immu-
nol. 157:2216.

44. Corallini, A., G. Altavilla, L. Pozzi, F. Bignozzi, M. Negrini, P. Rimessi,
F. Gualandi, and G. Barbanti-Brodano. 1993. Systemic expression of HIV-1 Tat

5637The Journal of Immunology



gene in transgenic mice induces endothelial proliferation and tumors of different
histotypes.Cancer Res. 53:5596.

45. Albini, A., G. Barillari, R. C. Gallo, and B. Ensoli. 1995. Tat, the human immu-
nodeficiency virus type 1 regulatory protein, has angiogenic properties.Proc.
Natl. Acad. Sci. USA 92:4838.

46. Rodman, T. C., H. Pruslin, F. S. E. To, and R. Winston. 1992. HIV-Tat reactive
antibodies present in normal HIV-negative sera and depleted in HIV-positive
sera: identification of the epitope.J. Exp. Med. 175:1247.

47. Rodman, T. C., F. S. E. To, H. Hashish, and K. Manchester. 1993. Epitopes for
natural antibodies of HIV-negative (normal) and HIV-positive sera are coincident
with two key functional sequence of HIV Tat protein.Proc. Natl. Acad. Sci. USA
90:7718.

48. Re, M. C., G. Furlini, M. Vignoli, E. Ramazzotti, G. Roderigo, V. De Rosa,
G. Zauli, S. Lolli, S. Capitani, and M. La Placa. 1995. Effect of antibody to HIV-1
Tat protein on viral replication in vitro and progression of HIV-1 disease in vivo.
J. Acquir. Immune Defic. Syndr. Hum. Retrovirol. 10:408.

49. Zagury, J. F., A. Sill, W. Blattner, A. Lachgar, H. Le Buaned, M. Richardson,
J. Rappaport, H. Hendel, B. Bizzini, A. Gringeri, et al. 1998. Antibodies to the
HIV-1 Tat protein correlated with nonprogression to AIDS: a rationale for the use
of Tat toxoid as an HIV-1 vaccine.J. Hum. Virol. 1:282.

50. Steinaa, L., A. M. Sørensen, J. O. Nielsen, and J.-E. S. Hansen. 1994. Antibody
to HIV-1 Tat protein inhibits the replication of virus in culture.Arch. Virol.
139:263.

51. Corallini, A., D. Campioni, C. Rossi, A. Albini, L. Possati, G. Gazzanelli,
R. Benelli, L. Masiello, V. Sparacciari, M. Presta, F. Mannello, G. Fontanini, and
G. Barbanti-Brodano. 1996. Promotion of tumor metastases and induction of
angiogenesis by native HIV-1 Tat protein from BK virus/tat transgenic mice.
AIDS 10:701.

52. Hinkula, J., P. Lundholm, and B. Wahren. 1997. Nucleic acid vaccination with
HIV regulatory genes: a combination of HIV-1 genes in separate plasmids in-
duces strong immune responses.Vaccine 15:874.

53. Hinkula, J., C. Svanholm, S. Schawartz, P. Lundholm, M. Brytting, G. Engstrom,
R. Benthin, H. Glaser, G. Sutter, B. Kohleisen, V. et al. 1997. Recognition of
prominent viral epitopes induced by immunization with human immunodefi-
ciency virus type 1 regulatory genes.J. Virol. 71:5528.

54. Calarota, S., G. Bratt, S. Nordlund, J. Hinkula, A. C. Leandersson, E. Sanstrom,
and B. Wahren. 1998. Cellular toxicity response induced by DNA vaccination in
HIV-1 infected patients.Lancet 351:1320.

55. Gringeri, A., E. Santagostino, M. Muca-Perja, P. M. Mannucci, J. F. Zagury,
B. Bizzini, A. Lachgar, M. Carcagno, J. Rappaport, M. Criscuolo, et al. 1998.

Safety and immunogenicity of HIV-1 Tat toxoid in immunocompromised HIV-1
infected patients.J. Hum. Virol. 1:293.

56. Caputo, A., M. P. Grossi, R. Bozzini, C. Rossi, M. Betti, P. C. Marconi, Barbanti-
Brodano, G., and P. G. Balboni. 1996. Inhibition of HIV-1 replication and reac-
tivation from latency by tat transdominant negative mutants in the cysteine rich
region.Gene Ther. 3:235.

57. Rossi, C., P. G. Balboni, M. Betti, P. C. Marconi, R. Bozzini, M. P. Grossi,
G. Barbanti-Brodano, and A. Caputo. 1997. Inhibition of HIV-1 replication by a
Tat transdominant negative mutant in human peripheral blood lymphocytes from
healthy donors and HIV-1 infected patients.Gene Ther. 4:1261.

58. Miller, A. D., and G. J. Rosman. 1989. Improved retroviral vectors for gene
transfer and expression.BioTechniques 7:980.

59. Davis, L. G., M. D. Dibner, and J. F. Battey. 1986.Basic Methods in Molecular
Biology, L. G. Davis, M. D. Dibner, and J. F. Battey, eds. Elsevier Science
Publishing, New York, NY.

60. Sokac, R. R., and F. J. Rohlf. 1981. Estimation and hypothesis testing. InBiom-
etry: The Principles and Practice of Statistics in Biological Research,
R. R. Sokac, and F. J. Rohlf, eds. W. H. Freeman and Company Press, San
Francisco, p. 128.

61. Levy, J. A. 1998. Vaccine development. InHIV and the Pathogenesis of AIDS,
J. A. Levy, ed. American Society of Microbiology Press, Washington, DC, p.
365.

62. Goldstein, G. 1996. HIV-1 Tat protein as a potential AIDS vaccine:Nat. Med.
2:960.

63. Lambert, J. 1998. Tat toxoid: its potential role as an HIV vaccine. J. Hum. Virol.
1:249.

64. Clerici, M., and G. M. Shearer. 1994. The Th1-Th2 hypothesis of HIV infection:
new insights.Immunol. Today 15:575.

65. Clerici, M., C. Balotta, L. Meroni, E. Ferrario, C. Riva, D. Trabattoni, A. Ridolfo,
M. Villa, G. M. Shearer, M. Moroni, et al. 1996. Type 1 cytokine production and
low prevalence of viral isolation correlated with long-term nonprogression in
HIV infection. AIDS Res. Hum. Retrovirol. 12:1053.

66. Clerici, M., C. Balotta, A. Salvaggio, C. Riva, D. Trabattoni, L. Papagno,
A. Berlusconi, S. Rusconi, M. L. Villa, M. Moroni, et al. 1996. Human immu-
nodeficiency virus (HIV) phenotype and interleukin-2/interleukin-10 ratio are
associated markers of protection and progression in HIV infection.Blood 88:574.

67. Shearer, G. M., and M. Clerici. 1996. Protective immunity against HIV infection:
has nature done the experiment for us?Immunol. Today 17:21.

5638 DNA IMMUNIZATION WITH HIV-1 tat MUTANTS


