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Abstract: Partial immune restoration may be obtained with highly active antiretroviral therapy
(HAART), but specific anti-HIV-1 immune responses do not appear to improve substantially. We have
demonstrated that a soluble factor(s) induced by a mixture of inactivated influenza and bacterial
vaccines called polyantigenic immunomodulator (PAI), possesses strong immunoregulatory and antiHIV-1 activities. In the present study, we show that culture fluids from both PAI-stimulated peripheral
blood mononuclear cells (PBMC) and CD8+ T-cells of HIV-1 infected patients were able to suppress
HIV-1 replication in an MHC-unrestricted fashion. The PAI-induced antiviral activity was eliminated
when culture fluids were pre-heated at 100oC for 10 min. and it is associated with induction of IFN-γ,
MIP-1α, MIP-1β, and RANTES production, but inhibition of IL-10. Furthermore, this induction is
dependent on the immunological status (CD4:CD8 ratio) of the HIV-1 infected patient. Taken
together, our results suggest that the MHC-unrestricted HIV-1 suppression that is induced by culture
fluids from PAI-stimulated PBMC may result from the stimulation of immune cell subpopulations to
produce a heat-labile antiviral soluble factor(s), which in turn modulate cytokine and β-chemokine
production. The identification of this PAI-induced soluble factor(s) may have major therapeutic
potential.
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replication effectively without generating additional
impairment to the immune response, such as undue
activation of CD4+ and CD8+ T-cells, apoptosis or
anergy [6]. Several studies have reported antiviral
inducing capacity of HIV-1 antigens in clinical trials
when used alone or combined with HAART [7-14]. The
effect of these antigens is primarily on modulating
HIV-1-specific CD4+ and CD8+ T-cell immune
responses.
The identification of anti-HIV-1 soluble factors
may have major therapeutic potential. At present,
several soluble factors have been identified that possess
anti-HIV-1 activity. They include CD8 antiviral factor
(CAF), β-chemokines, stromal cell-derived factor-1
(SDF-1)/CXCL12, eosinophils-derived neurotoxin
(EDN), amino-terminal fragment of urokinase-type
plasminogen activator (ATF-uPA), IL-16, antithrombin

INTRODUCTION
The HIV/AIDS epidemic has already claimed over
20 million lives. Estimates suggest that a cumulative
global total of 38.6 (33.4 - 46.0) million people will
have been infected with HIV-1 by the end of 2005 [1]. It
is now widely accepted that restoration of immune
functions using highly active antiretroviral therapy
(HAART) is insufficient [2-4] and that novel therapeutic
immunization strategies are urgently needed to
strengthen HAART in the treatment of HIV-1 disease
[5]
.
Discovery of a safe, inexpensive and effective
HIV-1 immunotherapy to be used in combination with
the current antiretroviral therapy seems to be one of the
most promising solutions to resolving this global
problem. The ideal candidate should suppress HIV-1
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III (ATIII), α-Defensins, I-309, peroxiredoxin, TNF-α,
IL-13, IFN-γ/α, macrophage-derived chemokine
(MDC), leukemia inhibitor factor (LIF), APOBEC
family, and TRIM5alpha [15-17].
CAF was the first reported anti-HIV-1 soluble
factor [18-20] and it can block HIV-1 replication by
inhibiting long terminal repeat (LTR)-driven
transcription [21]. β-Chemokines (MIP-1α, MIP-1β, and
RANTES) suppress the entry of HIV-1 by blocking the
CCR5 co-receptor [22, 23]. SDF-1/CXCL12 also
suppresses the entry of HIV-1 but by blocking the
CXCR4 co-receptor [24]. EDN blocks HIV-1 replication
prior reverse transcription [25]. ATF-uPA interferes with
the budding and assembly steps of HIV-1 replication
through receptor-mediated pathways [26]. IL-16 exerts
anti-HIV-1 activity by blocking viral entry via CD4, or
through reduction of multiple co-receptors on the
surface of the target cells [27]. ATIII has the ability to
block NF-KB activation, a molecule involved in HIV-1
replication [28]. Alpha-defensins (produced by
neutrophils) inhibit HIV-1 infection following viral
entry, but are not involved in the inhibition of HIV-1
gene expression and LTR activation [29]. Chemokine I309 is a ligand able to block X4 HIV-1 strains by
blocking the CCR8 co-receptor [30]. The peroxiredoxin
family (natural killer enhancing factors) inhibits both
R5 and X4 viruses through the down-regulation of the
NF-KB pathway that blocks HIV-1 LTR transcription
[31]
. IL-13 and TNF-α inhibit HIV-1 replication in
macrophages by down-regulating the surface
expression of CD4, CCR5 and CXCR4 [32] and by
blocking reverse transcription [33]. IFN-γ inhibits HIV-1
LTR activation whereas IFN-α inhibits HIV-1 through
JAK/STAT pathways [34]. MDC (produced by
macrophages) and LIF (produced by CD8+ T-cells)
blocks both R5 and X4 virus before transcription [35, 36].
Recently, two intracellular factors were identified with
antiretroviral activity, the APOBEC family and
TRIM5alpha. The APOBEC family members are
cytosine deaminases that deaminate deoxycytosine (dC)
to form deoxyuracil (dU) on newly synthesized minusstrand viral cDNAs causing guanosine (G) to adenosine
(A) mutations on the plus-strand DNA and stopping
viral replication [37]. Moreover, TRIM5α is a trimeric
molecule that interacts with hexameric viral capsids
forming TRIM5α-virus complexes that lead to an early
block of viral replication before the virus has had the
opportunity to reverse transcribe [38].
During the last twenty-six years, and as an
alternative to the above approaches, we have
characterized a biological response modifier known as
polyantigenic immunomodulator (PAI) that acts as a
non-specific modulator of the immune response. PAI,

which consists of a mixture of influenza and bacterial
inactivated
vaccines,
is
able
to
induce
immunoregulatory effects in both human and animal
models. The effects of PAI include: (a) tumor
regression in mice [39], (b) cytotoxic activity against
tumor cell lines [40], (c) enhanced lymphoproliferative
responses in humans with cancer [41], (d) delayed
disease progression and improvement of immunologic
response in HIV-infected subjects [42, 43], (e) suppression
of viral replication and regulation of cytokine
production in HIV-infected peripheral blood
mononuclear cells (PBMC) [44], and (f) reduced
proliferative responses in HIV-infected PBMC [45]. We
believe that the most likely mechanism by which PAI
exerts its anti-HIV-1 effect is by stimulating a wide
range of immune cell subpopulations to produce antiHIV-1 soluble factor(s).
In the present study, we demonstrated that PAI
induces a soluble factor(s) capable of suppressing HIV1 replication and modulating IFN-γ, IL-10, and βchemokines. We also showed that both PBMC and
CD8+ T-cells are responsible for the observed antiHIV-1 activity. Furthermore, we showed that the
generation of this anti-HIV-1 activity was affected by
high temperature and the immunological status
(CD4:CD8 ratio) of the HIV-1 infected patients.
MATERIALS AND METHODS
Participants: One symptomatic and four asymptomatic
HIV–1 seropositive patients were recruited through the
HIV-1 Registry of the Universidad Central del Caribe
School of Medicine/Ramón Ruiz Arnau University
Hospital at Bayamón, Puerto Rico. Patients were
demonstrated to be HIV-1 seropositive as defined by
the presence of anti-HIV-1 antibodies detected by
ELISA (Organon Teknika Corp., Durham, NC) and
HIV-1
RNA
RT-PCR
(Roche
Diagnostics,
Indianapolis, IN). HIV-1 seronegative healthy
volunteers also donated blood for this study. These
patients were not under antiretroviral treatment. This
study was conducted using institutional review boardapproved protocols.
Determination of CD4:CD8 ratio: Flow cytometric
analysis was performed on peripheral blood samples
collected in the presence of EDTA and prepared
utilizing a lysed whole blood method, standardized for
use in a FACSCalibur instrument (BD Biosciences, San
Jose, CA). Samples were stained for 15 min in the dark
at room temperature with matching combinations of
monoclonal antibodies directly conjugated with FITC
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1,500 rpm for 15 min. Following centrifugation, buffy
coat was collected and diluted at 1:1 with phosphate
buffer saline (PBS) (Invitrogen, Gaithersburg, MD) at
room temperature. Ficoll-Histopaque was added by
submerging the pipette into the diluted buffy coat.
Samples were centrifuged at 1,500 rpm for 30 min. at
room temperature. The PBMC layer was collected and
cells were washed once with PBS. Total cell numbers
and cell viabilities (90-95%) were determined by trypan
blue exclusion (Sigma, St. Louis, MO) in a
hemocytometer counting chamber. PBMC were
resuspended in culture medium containing RPMI 1640
(Life Technologies, Gaithersburg, MD), 25mM HEPES
(Sigma, St. Louis, MO), 2 mM glutamine (Sigma, St.
Louis, MO), 100 µg streptomycin (Sigma, St. Louis,
MO), 100 U penicillin (Sigma, St. Louis, MO), and
10% fetal bovine serum (Life Technologies,
Gaithersburg, MD). In other experiments, CD8+ T-cells
were separated from PBMC using the CD8 negative
isolation kit (Dynal, Lake Success, NY) and tested for
their capacity to generate anti-HIV-1 activity. After
selection, the purity was 80-90% as determined by flow
cytometry.

or PE (BD Biosciences, San Diego, CA). The panel
used for two-color immunophenotyping included
markers: CD3-FITC/CD4-PE and CD3-FITC/CD8-PE
in order to determine CD4:CD8 ratios.
Preparation of PAI: PAI is a mixture of two FDAapproved inactivated vaccines. It consists of a mixture
of Influenza type A and B vaccine (Connaught
Laboratories, Swiftwater, PA) and a mixed respiratory
vaccine (Miles, Spokane, WA) that contains
Staphylococcus aureus, Streptococcus (viridians and
non-hemolytic), Streptococcus pneumoniae, Moraxella
catharralis, Klebsiella pneumoniae, and Haemophilus
influenzae. PAI was prepared by mixing these two
vaccines 1:1 by volume. PAI was further diluted with
tissue culture medium to 1:10,000, which has been
shown in vitro to be the most effective working dilution
[45]
.
Isolation and culture of PBMC: PBMC from HIV-1
seronegative healthy volunteers and HIV-1 seropositive
patients were prepared from fresh heparinized
peripheral whole blood on Ficoll-Histopaque (Sigma,
St. Louis, MO) gradients. Blood was centrifuged at
1,500 rpm for 15 min. Following centrifugation, buffy
coat was collected and diluted at 1:1 with phosphate
buffer saline (PBS) (Invitrogen, Gaithersburg, MD) at
room temperature. Ficoll-Histopaque was added by
submerging the pipette into the diluted buffy coat.
Samples were centrifuged at 1,500 rpm for 30 min. at
room temperature. The PBMC layer was collected and
cells were washed once with PBS. Total cell numbers
and cell viabilities (90-95%) were determined by trypan
blue exclusion (Sigma, St. Louis, MO) in a
hemocytometer counting chamber. PBMC were
resuspended in culture medium containing RPMI 1640
(Life Technologies, Gaithersburg, MD), 25mM HEPES
(Sigma, St. Louis, MO), 2 mM glutamine (Sigma, St.
Louis, MO), 100 µg streptomycin (Sigma, St. Louis,
MO), 100 U penicillin (Sigma, St. Louis, MO), and
10% fetal bovine serum (Life Technologies,
Gaithersburg, MD). In other experiments, CD8+ T-cells
were separated from PBMC using the CD8 negative
isolation kit (Dynal, Lake Success, NY) and tested for
their capacity to generate anti-HIV-1 activity. After
selection, the purity was 80-90% as determined by flow
cytometry.

Stimulation of PBMC with PAI: PBMC (3 x 106/ml)
were stimulated with PAI for 3 days and used as antiHIV-1 soluble factor-producing cells. After incubation,
PBMC (3 x 106/ml) were washed and incubated in 10
ml of PAI-free culture media and maintained at 37oC in
an atmosphere containing 5% CO2 for 21 days. Every
three days, 10 ml of culture fluids were collected,
filtered, and replaced with 10 ml of fresh PAI-free
culture medium. PBMC cultured in the absence of
stimulation were used as controls in each experiment.
The anti-HIV-1 activity of these culture fluids was
tested on in vitro acutely HIV-1SF2 infected PBMC from
healthy volunteers. The concentration of culture fluid
used in all experiments was 40% (vol/vol). In other
experiments the culture fluids were heated prior to
testing their anti-HIV-1 activity. Two heat treatments
were used: one was at 56oC for 30 min and the other
was at 100oC for 10 min.
HIV-1 inhibition assay: Isolated PBMC from HIV-1
seronegative healthy volunteers were acutely infected
with the HIV-1SF2 (1,000 TCID50/105 cells) strain and
used as target cells. HIV-1SF2 is an excellent strain since
it utilizes either CXCR4 (R4) or CCR5 (R5) coreceptors for viral entry. PBMC (10 x 106/ml) were
suspended in 100µl of culture medium and pre-treated
with polybrene (2 µg/ml) for 30 min followed by 90
min of viral absorption at 37oC. After infection, cells
were washed twice with PBS to remove unabsorbed

Isolation and culture of PBMC: PBMC from HIV-1
seronegative healthy volunteers and HIV-1 seropositive
patients were prepared from fresh heparinized
peripheral whole blood on Ficoll-Histopaque (Sigma,
St. Louis, MO) gradients. Blood was centrifuged at
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virus. HIV-1-infected PBMC (1 x 106/ml) were
harvested in 2.5 ml of PAI-free culture media. Cells
were fed with 1 ml of fresh PAI-free culture medium
and 1 ml of culture fluid from PAI-stimulated PBMC of
each HIV-1 seropositive patient every three days for 21
days. Supernatants (2 ml) of these cultures were
collected every three days until 21 days post-infection,
frozen at –135oC, and tested for HIV-1 p24 protein
using HIV-1 p24-ELISA (NEN Life Science Products,
Inc., Boston, MA).
Fig. 1:

Measurement of cytokine/β
β -chemokine production
after in vitro PAI stimulation: Cytokine (IL-2, IL-4,
IFN-γ, IL-10 [BDPharmingen, San Diego, CA] and βchemokine (MIP-1α, MIP-1β, and RANTES
[Biosource International, Camarillo, CA]) levels from
the culture fluids were determined by ELISA.
Statistical analysis: Data was collected and statistically
analyzed using SPSS version 14.0 software package
(SPSS, Chicago, IL). Student’s t-test and chi-square
tests were used to compare significance between group
means and standard deviations. All significant levels
that were used for testing statistical significant
differences were two-tailed with a p-value= < 0.05.

Inhibition of HIV-1 replication by culture fluids derived
from PAI-stimulated PBMC (A) and CD8+ T-cells (B) of
a HIV-1 seropositive patient. Acutely infected PBMC
from healthy volunteers with HIV-1SF2 virus (1,000
TCID50/105 cells) and cultured with 40% of culture fluids
from PBMC or CD8+ T-cells stimulated with PAI (circles)
or unstimulated (open squares). Supernatants derived from
HIV-1 infected PBMC were collected after post-infection
and HIV-1 p24 antigen was determined by using ELISA.
The data (mean ± standard deviation) shown are
representative of three independent experiments, each
performed in triplicate.

Effect of heat on PAI-induced anti-HIV-1 activity:
We tested whether the induction of anti-HIV-1 activity
by PAI-stimulated PBMC is affected by heat. Pretreatment of culture fluids of PAI-stimulated PBMC at
56oC for 30 min did not affect antiviral activity (Fig.
2A). However, when the culture fluids were pre-heated
at 100oC for 10 min., the anti-HIV-1 activity was
eliminated (Fig. 2B). Thus, these results demonstrate
that the PAI-induced anti-HIV-1 activity is sensitive to
heat.

RESULTS
Inhibition of HIV-1 replication by culture fluids
from PAI-stimulated PBMC: The effect of fluids
from unstimulated (control) or stimulated (with PAI)
PBMC cultures was tested in cells acutely infected with
HIV-1SF2 virus. The culture fluids of PAI-stimulated
PBMC, from a HIV-1 infected patient, inhibited HIV-1
replication in PBMC infected with HIV-1SF2 virus (Fig.
1A). Inhibition of HIV-1 replication was also observed
in cultured fluids of PAI-stimulated CD8+ T-cells from
the same patient (Fig. 1B). These latter experiments
were performed to determine whether PAI-stimulated
CD8+ T-cells were responsible for producing anti-HIV1 factor(s). The data demonstrates that both PAIstimulated PBMC and CD8+ T-cells can generate
antiviral activity. Extents of inhibition were 97% and
68%, respectively. The minimum inhibitory dose
concentration of PAI-stimulated culture fluids was at
40% (vol/vol). To assess possible toxic effects due to
exposure of HIV-1 infected PBMC to PAI-stimulated
culture fluids, we measured the viability of cultures by
trypan blue exclusion. No significant differences in the
viability of HIV-1 infected PBMC with or without PAIstimulated culture fluids were observed (data not
shown).

Fig. 2:
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Test of inhibition of PAI-stimulated anti-HIV-1activity on
acutely infected PBMC from healthy volunteers with HIV1SF2 virus (1,000 TCID50/105 cells) cultured with heated
culture fluids from PBMC stimulated with PAI (circles) or
unstimulated (open squares). Culture fluids heated at 56oC
for 30 min. (A) and 100oC for 10 min. (B). Supernatants
derived from HIV-1 infected PBMC were collected after
post-infection and HIV-1 p24 antigen was determined by
using ELISA. The results, expressed as mean ± standard
deviation, are representative of three independent
experiments, each performed in triplicate. The cell
viability of HIV-1 infected PBMC ranged from 80 to 95%.
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The levels of cytokines and β-chemokines were
altered by the exposure of culture fluids derived from
PAI-stimulated PBMC (Fig. 3B-3F). IL-10 production
was significantly inhibited to 43-45% in supernatants in
which HIV-1 replication was completely inhibited (Fig.
3B). A significant induction of the levels of IFN-γ to
75-80%, MIP-1α to 60-85%, MIP-1β to 75-90%, and
RANTES to 70-85% (Fig. 3C-3F) occurred, but IL-2
and IL-4 production was not affected (data not shown).

PAI-stimulated anti-HIV-1 activity is associated
with the modulation of cytokines and β -chemokines
and is dependent on the patient’s CD4:CD8 ratio:
To further characterize the inhibition of HIV-1
replication by PAI-stimulated culture fluids, we tested
the effect of these culture fluids on the production of
cytokines (IL-2, IL-4, IL-10, IFN-γ) and β-chemokines
(MIP-1α, MIP-1β, and RANTES) that have been
shown to be involved in the modulation of HIV-1
replication [46-48]. Anti-HIV-1 activity was observed in
the culture fluids from PAI-stimulated PBMC taken
from HIV-infected patients with various CD4:CD8
ratios (Fig. 3A). PAI-induced anti-HIV activity was
totally dependent on the HIV-infected patient’s
CD4:CD8 ratio, since it decreased as the CD4:CD8
ratio of the patients approached 0.6 and was
significantly diminished in cultures from patients with a
ratio as low as 0.4 (Fig. 3A).

Fig. 3:

DISCUSSION
In the present study, we show that polyantigenic
immunomodulator (PAI)-stimulated PBMC and CD8+
T-cells produce a soluble factor(s) that inhibits HIV-1
replication. This induced anti-HIV-1 soluble factor(s):
(a) blocks the replication of both R5- and X4-tropic
viruses, (b) is instable at high temperature, and (c) is
produced by both CD8+ T-cells and non-CD8+ T-cells.
This PAI-induced anti-HIV-1 activity differs in these
properties from those found for CAF [16] and βchemokines [15], the two most extensively studied antiHIV-1 soluble factors.
Another soluble anti-HIV factor(s) stimulated by
influenza virus has been reported to be different from
those of CAF and the β-chemokines [49, 50]. The antiHIV-1 activity of the described novel agent: (a) inhibits
replication prior to reverse transcription in PBMC of
different HIV-1 isolates (R5 and X4) from HIV
negative or positive donors, (b) can be generated by
CD4- or CD8-depleted PBMC, and (c) appears to be
partially induced by IFN-α but not by IFN-γ, IFN-β, βchemokines (MIP-1α, MIP-1β, and RANTES) or IL-16
[50].
Although, the experimental design that led to these
latter findings differs from our protocol, this data is
somewhat consistent with the results reported here.
However, the inducing agent (PAI) employed in the
present study is antigenically more complex since, in
addition to the influenza virus vaccine, it contains a
multi-bacterial component. Nevertheless, the possibility
that Pinto’s anti-HIV-1 soluble factor(s) is similar to at
least the one described in this study cannot be
overruled.
We have shown that both PAI-stimulated PBMC
and CD8+ T-cells from HIV-1 infected patients can
produce HIV-1 soluble factor(s). Although PAIstimulated CD8+ T-cells can generate anti-HIV-1
activity, this antiviral activity was not as powerful as
the one generated by PAI-stimulated PBMC suggesting
that not solely CD8+ T-cells are needed to obtain a
complete inhibition of HIV-1 replication. In contrast to
CAF, it is clear that the production of this antiviral

Comparison of PBMC derived from five HIV-1
seropositive patients for PAI-stimulated inhibition of HIV1SF2 replication (A) and IL-10 (B), IFN-γ (C), MIP-α (D),
MIP-1β (E), and RANTES (F) production. Open bars
represent culture fluid from unstimulated PBMC (control)
whereas solid bars represent culture fluids from PAIstimulated PBMC. Each patient had a different CD4:CD8
ratio. CD4:CD8 ratios ranged from 0.6 to 1.4 in patients
who had a viral load less than 400 RNA copies/ml and
asymptomatic, whereas the patient with a CD4:CD8 ratio
of 0.4 had a viral load of 358,330 RNA copies/ml and
symptomatic. Cytokine and β-chemokine production was
measured using ELISA. The results, expressed as mean ±
standard deviation, are representative of three independent
experiments, each performed in triplicate.
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soluble factor(s) is not limited to CD8+ T-cells. Thus,
identification of specific immune cells that generate this
antiviral activity is needed.
It is important to mention that we compared culture
fluids from PAI-stimulated PBMC with culture fluids
from unstimulated PBMC and these showed no
detectable HIV-1 p24 antigens, suggesting that the
addition of culture fluids to the HIV-1 inhibition assay
did not contribute to the increased levels of HIV-1 p24
antigens observed in this assay. In addition, we also
showed that when the culture fluids from PAIstimulated PBMC were pre-heated at 100oC for 10
min., they lost the capability to inhibit HIV-1
replication. Since it has been shown that CAF resists
this heat treatment [51], therefore, the antiviral activity
mediated by PAI-stimulated culture fluids is different
from that produced by CAF.
The PAI-induced anti-HIV-1 activity may be due
to the modulation of antiviral cytokine/β-chemokine
production, or to a yet unidentified anti-HIV-1 putative
factor or to a combination of various anti-HIV-1 soluble
factors. We demonstrate that this PAI-induced soluble
factor(s) is produced by PAI-stimulated PBMC from
HIV-1 infected patients with CD4:CD8 ratios over 0.6
and favors the upregulation of the antiviral βchemokines (MIP-1α, MIP-1β, and RANTES) and
IFN-γ, whereas it downregulates IL-10. Moreover, the
induced anti-HIV-1 activity disappeared in spite of the
presence of high levels of β-chemokines, suggesting
that the presence of other soluble factor (s) may be
responsible for the anti-HIV-1 activity. In contrast, in
those experiments in which the antiviral activity
disappeared, the levels of IFN-γ were significantly
inhibited, suggesting that IFN-γ is necessary for the
induction of antiviral activity.
We suggest that the inability of culture fluids from
PAI-stimulated PBMC of HIV-1 infected patients with
a CD4:CD8 ratio below 0.6 to suppress HIV-1
replication and modulate cytokines/β-chemokines could
be due to: (a) the dramatic reduction in helper CD4+ Tcells to sustain or generate new immune responses; (b)
to the excessive increase in anergic, dysfunctional
and/or suppressor CD8+ T-cells; (c) to the inability to
build a regulatory cytokine and β-chemokine
environment; or (d) to the inability to produce an antiHIV-1 soluble factor(s).
In conclusion, the PAI-induced factor (s) is: (a)
produced by both CD8+ T cells and PBMC; (b) is
active against the HIV-1SF2, a dual-tropic (R5X4) strain;
(c) is not restricted by MHC; (d) is heat-labile; (e) is
capable of suppressing HIV-1 replication in an
environment containing high levels of IFN-γ and βchemokines, but low concentrations of IL-10, and; (f) is

induced predominantly in culture fluids from PAIstimulated PBMC from HIV-1 infected patients with
CD4:CD8 ratios over 0.6.
Recently, we have implemented the use of
proteomic and mass spectrometry technology to isolate,
identify, and further characterize the soluble anti-HIV-1
factor (s) induced by PAI. Our preliminary results
suggest that PAI induces an intracellular inhibitor of the
HIV-1 Tat protein (unpublished data). This is important
since Tat plays a central role in sustaining a high level
of HIV-1 replication. Recently, it has been reported
several compounds that selectively inhibit the functions
of Tat suppressing HIV-1 replication [52]. We believe
that the discovery of these naturally occurring antiHIV-1 compounds could lead to the development of a
safe, inexpensive, and effective immunotherapeutic
strategy, which, combined with HAART, could be an
innovative way of treating HIV-1 infections or perhaps
delaying HIV-1 disease progression.
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